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Chapter 1 Introduction 

Methane currently contributes to 20% of human-caused climate forcing (Forster et al., 2021). 

Rapid and sustained methane reduction is critical to keeping the world on a path to 1.5°C. 

Anthropogenic methane emissions can be reduced by as much as 45% by 2030, which would 

avert nearly 0.3°C of global warming by 2045 and would critically also reduce the level of peak 

warming (CCAC & UNEP, 2021b). 

China and the U.S. are the first and third largest methane emitters, respectively, and collectively 

account for roughly one-quarter of total global methane emissions (GMI, 2022b). Both countries 

have made significant progress in developing policies to address methane mitigation since the 

2021 United Nations Climate Change Conference (COP26). For example, by August 2022, 14 

congressional bills and 10 policies that directly address methane mitigation have been adopted 

and/or proposed by the U.S. and China, respectively. Joint efforts of the U.S. and China to 

reduce methane emissions can accelerate methane mitigation in both countries and also are 

key to limiting near-term warming, which would lead to improved local air quality and economic 

and health benefits.  

This report provides new, in-depth analysis of opportunities and challenges for methane 

mitigation in the U.S. and China, as well as opportunities for improving methane mitigation 

outcomes through collaborative activities and research. It provides a comprehensive overview of 

current methane emissions, policy frameworks, and mitigation opportunities in both countries. It 

also identifies low-hanging fruit for methane mitigation and sheds light on opportunities for 

collaboration between the U.S. and China in terms of inventory development, policies and 

standards, and technology deployment. Moreover, building on new, multi-model analysis and 

the survey of recent literature, it provides a quantitative basis for methane mitigation potential in 

China and the U.S. under carbon neutrality or net-zero pathways.  

  

https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_Chapter07.pdf
https://www.zotero.org/google-docs/?jzjr7H
https://www.zotero.org/google-docs/?Lea8fq
https://www.zotero.org/google-docs/?Lea8fq
https://www.zotero.org/google-docs/?Lea8fq
https://www.zotero.org/google-docs/?Lea8fq
https://www.zotero.org/google-docs/?Lea8fq
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Chapter 2 Current Status of Methane Governance 

and Policies in the U.S. and China 

Although its urgency has been in the spotlight since the 26th United Nations Climate Change 

Conference (COP26) in Glasgow in 2021, methane mitigation is not an entirely new challenge 

for either the U.S. or China. While important gaps remain, governance structures and policy 

frameworks can catalyze stronger commitments to tackle the methane issue. This chapter 

compares the current situations of both countries by identifying the relevant government 

authorities and their corresponding responsibilities at the federal/central government level and 

by presenting an extensive review of existing methane policies. The goal is to not only answer 

the question of where we are, but also to help understand the drivers of methane mitigation prior 

to Glasgow and the gaps that need to be filled to create new incentives and capacities.  

2.1 Methane Governance Structures in the U.S. and China 

Methane emissions reduction is a complex issue that requires multi-sector efforts. While CO2 

emissions are predominantly from fossil fuel combustion (nearly 70% of global CO2 emissions 

come from the energy sector), methane emissions involve three major sectors: energy, 

agriculture, and waste, each of which has its own field of expertise, regulatory complexity, and 

challenges. In addition, each of the sub-sectors also belongs to different administrative 

divisions. This is not to understate the complexity of CO2 emissions reduction, where the 

sectoral focus is generally connected to energy use, such as building, transport, and industry. 

Rather, it is to argue that methane mitigation is a multi-centric challenge and calls for more 

collaborative, yet dispersed, governance efforts and both scientific and technical knowledge 

from these sectors.   

The key administrative elements associated with methane mitigation include: (1) developing 

overarching national strategy; (2) recognizing methane emissions as a climate change 

challenge; (3) reducing and recovering methane emissions from energy, agricultural, and waste 

activities; (4) preventing methane emissions from pipeline transmission and transportation; (5) 

regulating methane as an explosive gas for safety reasons; (6) minimizing methane emissions 

from the extraction and mining operations for coal, oil, and gas (e.g., venting and leakage); and 

(7) encouraging mineral resource conservation and utilization. Figure 2.1 shows the major 

departments and ministries at the federal/central level that are responsible for methane 

mitigation in the U.S. and China.  

It is important to note that, in spite of the listed government authorities, the governance structure 

for methane mitigation in the United States is more complicated, due to its decentralized federal 

system and land rights policies. The complexity has a larger impact on the energy sector, at 

both the federal and state levels, with respect to leasing regulations associated with land 

property rights for mining, (e.g., federal, tribal, state and private land), state regulations for coal 

mining and oil and gas exploitation activities, and interstate gas transmission rules.  
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Figure 2.1: Existing Governance Structure for Methane Mitigation in the U.S. and China. 

PHMSA stands for the Department of Transportation’s Pipeline and Hazardous Materials Safety 

Administration. FERC stands for the Federal Energy Regulatory Commission. BLM stands for 

the Bureau of Land Management. 

The Environmental Protection Agency (EPA) of the U.S. and the Ministry of Ecology and 

Environment (MEE) of China are the agencies that supervise methane mitigation in each 

country. China’s National Development and Reform Commission (NDRC) is a macroeconomic 

management agency in China which has broad administrative and planning control over socio-

economic development, including leading on the achievement of dual-carbon objectives. It 

serves as the overarching planning entity for many of China’s climate actions. It also supervises 

resource conservation and utilization, such as promoting a circular economy for material reuse 

and recycling, which is key to methane emissions reduction in the waste sector. It is worth 

noting that municipal and rural solid waste is primarily managed by the Ministry of Housing and 

Urban-Rural Development (MOHURD) in China, subject to regulations from MEE, while in the 

U.S. state and local governments are responsible for landfills and wastewater treatment, subject 

to regulations from the EPA and other state and local oversight.  

2.2 Federal/Central Policy Frameworks in the U.S. and China 

Methane emissions reduction is not exclusive to the climate change agenda, but methane’s 

multiple physical properties make it unique for mitigation policy. In contrast to carbon dioxide, for 

example, which, under most conditions, is an inert gas, methane is combustible and explosive 

when mixed with air at 5%-14% by volume. Methane thus is a greenhouse gas, an explosive 

hazard, an energy/industrial resource, and impacts atmospheric chemistry. That means that due 

to safety concerns and economic benefits, the incentives to reduce methane emissions are 

comparatively stronger than those for reducing CO2 emissions, even in the absence of carbon 
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markets, as the benefits are more easily monetized with sufficiently high volumes of capture and 

utilization. For example, because coal mine methane (CMM) and coalbed methane (CBM) have 

been considered “unconventional” sources of natural gas, they have enjoyed government 

support for decades in the U.S. and China. Therefore, many policies have already been made to 

address methane emissions, directly or indirectly, in both countries. These existing policies also 

lay a foundation for future actions and help to identify the gaps that need to be addressed. One 

important principle for future policy making is to reinforce the existing drivers of methane 

mitigation and to create new incentives for further emissions reduction.  

This section provides a holistic and systematic review and mapping of existing methane-related 

policies at the federal and central levels in the U.S. and China, with the goal of identifying 

commonalities and differences. The analysis includes policies that are directly targeted in 

methane mitigation and those that were originally designed for sectoral targets, such as coal 

mining safety, industrial development, and resource conservation, but that have methane 

emissions control as a co-benefit. To present a comprehensive picture, a total of over 4,000 

policy documents with the keyword “methane” and its synonyms were reviewed from policy 

databases in both countries. Around 500 most relevant policy documents were selected for 

further analysis - approximately 250 for each country – and categorized according to both 

sectoral and policy dimensions (Figure 2.2). The goal is to understand how methane emissions 

have been addressed, both in climate change and other sectoral contexts, and what types of 

policy instruments are used in these sectors, including strategic planning (e.g., action plans or 

the Five-Year Plans); regulatory policies (e.g., laws, regulations and rules); incentive-based 

policies (e.g., carbon markets, tax credits, exemptions, and subsidies); and voluntary policies 

(e.g., pilots and government-sponsored programs). The following section: (1) elaborates on the 

commonalities and differences between the U.S. and China by sector and with respect to the 

policy agenda, sectoral focus and areas that need future attention, as well as by preferred policy 

instruments; (2) identifies the existing drivers of methane mitigation; and (3) identifies gaps in 

the current policy frameworks of both countries.  

The analysis in this chapter focuses on providing a better understanding of what methane 

policies exist in each country and what types of policies have historically been utilized most. It is 

important to note that the type of policies does not in itself necessarily indicate the overall level 

of policy-driven action, the level of effort or difficulty inherent in achieving the existing policies, or 

the projected emissions reductions from existing or potential new policies. 
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Figure 2.2: A Comparison of the U.S. and China in Terms of Methane-related Policies by 

Sector and Policy Type. See the list of key policies in the Summary for Policymakers. 

2.2.1 The Development of Methane Mitigation Policies in the U.S. 

In the United States, methane and other greenhouse gases are defined as air pollutants that 

endanger public health and welfare. As a component of U.S. climate change strategy, methane 

mitigation was addressed in the 1993 Climate Change Action Plan signed by President Clinton 

and the 2013 Climate Action Plan signed by President Obama. Methane mitigation has become 

a specific focus of climate change mitigation since the Climate Action Plan: Strategy to Reduce 

Methane Emissions was released in 2014 by the White House. In 2015, the Obama 

Administration set the first U.S. methane emissions target: to cut methane emissions from the 

oil and gas sector by 40%-45% from its 2012 level by 2025 (EPA, 2016). The Biden 

Administration released the U.S. Methane Emissions Reduction Action Plan in 2021, which 

detailed the national strategies for methane mitigation(U.S. Congress, 2022). Most recently, the 

Inflation Reduction Act of 2022 (IRA) was passed as a historic climate deal which aims to 

reduce greenhouse gas emissions by 40% from the 2005 levels by 2030 and is by far the 

strongest legislation of methane emissions in the United States. In addition, the United States 

co-led and signed the Global Methane Pledge at COP26, which commits signatories (currently 

over 120 countries) to a collective goal of 30% reductions in methane emissions by 2030. 

https://archive.epa.gov/epa/newsreleases/epa-releases-first-ever-standards-cut-methane-emissions-oil-and-gas-sector.html
https://www.congress.gov/bill/117th-congress/house-bill/5376/text/rh
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Methane mitigation was officially incorporated in the national climate policy agenda in 1992 

through the Voluntary Greenhouse Gas Reporting Program required by the Energy Policy Act 

and implemented by the Department of Energy (DOE). This established the U.S. greenhouse 

gas reporting scheme, which includes detailed inventories of methane emissions. In 2009, 

greenhouse gas reporting (GHGRP) became an EPA mandate. This requires large sources and 

suppliers in the United States to report greenhouse gas emissions annually. Under the GHGRP, 

methane emissions from underground coal mines, industrial wastewater, municipal solid waste, 

and industrial waste landfill sectors, as well as the petroleum and natural gas systems, must be 

monitored and reported (EPA, 2010a, 2010b). Even though methane emissions have not yet 

been regulated in U.S. coal-fired and natural gas power utilities (EPA, 2015a, 2015b), methane 

reductions are a co-benefit highlighted by the CO2 emissions regulations as well as by the Clean 

Power Plan, finalized in 2015 and targeted at the power sector.   

Notably, in the U.S. there are two compliance and three voluntary GHG emissions trading 

programs at the regional level. Four of these allow methane emissions reductions and offsets 

from most sectors, including coal mines (CMM, AMM, SMM and VAM)1, oil and gas, landfills, 

livestock and rice. The four GHG emissions trading programs are the California Compliance 

Offset Program (COP), the Climate Action Reserve (CAR), Verra’s Verified Carbon Standard 

(VCS), and the American Carbon Registry (ACR) (Table 2.1). The Regional Greenhouse Gas 

Initiative (RGGI) does not yet cover methane emissions.  

Table 2.1: Comparison of U.S. GHG Emissions Trading Programs for Methane Mitigation 

Projects. Information collected from EPA reports (EPA, 2021a) and the websites of these 

programs 

 

 COP CAR VCS ACR 

Type Compliance Voluntary Voluntary Voluntary 

Eligible Project 

Location 

U.S. U.S. Global North America 

Methane 

Sources 

CMM, 

AMM,SMM, 

VAM, 

Livestock 

Manure 

CMM, VAM, 

Rice, Landfills, 

Wastewater, 

Manure, Enteric 

fermentation 

CMM, AMM, SMM, 

VAM, Oil & gas, 

Manure, Enteric 

fermentation, 

Landfills, 

Wastewater, Rice 

cultivation  

CMM, AMM, SMM, VAM, 

Landfills, Wastewater, 

Manure (inactive), Enteric 

fermentation (inactive), 

Rice cultivation (inactive) 

 

  

 
1 Abandoned mine methane (AMM), surface mine methane (SMM), ventilation air methane (VAM) 

https://www.federalregister.gov/documents/2010/07/12/2010-16488/mandatory-reporting-of-greenhouse-gases-from-magnesium-production-underground-coal-mines-industrial
https://www.federalregister.gov/documents/2010/11/30/2010-28655/mandatory-reporting-of-greenhouse-gases-petroleum-and-natural-gas-systems
https://www.federalregister.gov/documents/2015/10/23/2015-22842/carbon-pollution-emission-guidelines-for-existing-stationary-sources-electric-utility-generating
https://www.federalregister.gov/documents/2015/10/23/2015-22837/standards-of-performance-for-greenhouse-gas-emissions-from-new-modified-and-reconstructed-stationary
https://www.zotero.org/google-docs/?uD9h4g
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Table 2.2: Progress of Methane Legislation in the U.S. Since the Glasgow Climate Change 

Conference (COP26). Policies collected by July 27, 2022.  

 

Policies 
Introduced 

Date 
Sector 

Current 

Status2 

H.R. 2471 - Consolidated Appropriations Act, 2022 April 2021 Livestock Became Law 

Infrastructure Investment and Jobs Act (Bipartisan 

Infrastructure Law of 2021 ) 
June 2021 Oil & Gas Became Law 

H. R. 4521 - United States Innovation and 

Competition Act of 2021 
July 2021 

Climate 

change 

Resolving 

Differences 

Inflation Reduction Act of 2022  
September 

2021 

Climate 

change 
Became Law 

H. R. 6168 - Future Generations Protection Act 
December 

2021 

Climate 

change 
Introduced 

H. R. 6351 - Climate Solutions Act of 2021 
December 

2021 

Climate 

change 
Introduced 

S. 3400 - Marginal Well Protection Act 

December 

2021 Oil & Gas Introduced 

S. 3714 - American Energy Independence Act of 

2022 

February 

2022 
Oil & Gas Introduced 

S. 3699 - Department of Energy Science for the 

Future Act of 2022 

February 

2022  
Livestock Introduced 

S. 3822 - Energy Regulations Certainty Act March 2022  Oil & Gas Introduced 

H. R. 7094 - Energy Freedom Act March 2022  Oil & Gas Introduced 

H. R. 7131- Great Lakes Authority Act of 2022 March 2022  Energy Introduced 

H. RES. 1148 - Recognizing the benefits of natural 

gas to the United States economy and environment, 

recognizing natural gas as an affordable and “green” 

energy. 

May 2022 Oil & Gas Introduced 

S. 4355 - Clean Competition Act June 2022 
Climate 

change 
Introduced 

 
2

 Updated on September 27, 2022. 
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Methane-related legislative progress has been made in the U.S. since COP26. From the end of 

2021 to date, 14 congressional bills have been introduced or made major progress regarding 

methane mitigation in various sectors (Table 2.2). Most significantly, the IRA provides economic 

incentives for methane mitigation actions, including monitoring and reporting mechanisms in the 

oil and gas sector. It also regulates methane gas waste from oil and gas production processes 

by imposing charges, known as the methane fee (See Box 2.1 for more details).  

Box 2.1 The Inflation Reduction Act (IRA) on Methane Mitigation 

The Inflation Reduction Act (IRA) facilitates $369 billion of investment in climate change 

mitigation and clean energy transition. Specifically, it addresses methane emissions by 

deploying a set of policy tools, including funding methane mitigation actions, providing tax 

credits for market actors, and charging methane fees. It has direct impacts on the oil and gas, 

agriculture, and waste sectors with respect to methane emissions reduction. Methane mitigation 

outcomes can be achieved through key measures, including: 

1. Strengthening methane monitoring and reporting.  

● The IRA aims to improve the capacity to monitor methane emissions by appropriating 
funding of $20 million to EPA from 2022 to 2031 as a part of the Greenhouse Gas 
Reduction Fund. The activities and grants covered by this funding include:(1) research 
and development program for prevention and control of air pollution; (2) authorized 
activities in establishing research and development programs; (3) air pollutant 
monitoring, analysis, modeling, and inventory research; and (4) grants for support of air 
pollution planning and control programs. 

● The IRA also aims to strengthen greenhouse gas corporate reporting by appropriating 
$5 million to EPA through 2031 to support: (1) enhanced standardization and 
transparency of corporate climate action commitments and plans to reduce greenhouse 
gas; and (2) enhanced transparency for meeting these commitments and implementing 
those plans. 

2. Regulating the oil and gas sector. The IRA puts a great emphasis on this sector through 

both economic incentives and penalties  by developing the Methane Emissions and Waste 

Reduction Program for Petroleum and Natural Gas Systems through EPA. The program 

includes: 

● Incentives for methane mitigation and monitoring. $850 million is appropriated to 
EPA through 2028 to support methane mitigation activities, including for: (1) providing 
financial and technical assistance to owners and operators of applicable facilities to 
prepare and submit GHG reports; (2) methane emissions monitoring; (3) providing 
financial and technical assistance to reduce methane and other GHG emissions and 
mitigate legacy air pollution from the oil and gas sector; as well as (4) funding for climate 
resiliency of communities, industrial equipment and processes that reduce methane, 
innovation in reducing methane emissions, permanently shutting in and plugging wells 
on non-Federal land, and mitigating health effects of methane emissions. 

● Incentives for methane mitigation from conventional wells. Funding of $700 million 
is appropriated to EPA through 2028 specifically for methane mitigation activities at the 
marginal conventional wells – i.e., wells that have low production rates and/or high 
production costs from its location. 
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● Waste emissions charge. This is also known as the methane fee, where a charge is 
imposed on methane emissions that exceed applicable waste emissions thresholds 
listed in the Act from facilities that report more than 25,000 Mt of carbon dioxide 
equivalent of GHGs emitted per year. The charge is applicable to facilities for onshore 
and offshore oil and gas production, onshore natural gas transmission, processing, 
gathering and boosting, underground and liquified natural gas storage, and liquified 
natural gas import and export equipment. The charges  will increase on a yearly basis: 
$900/ton for 2024; $1,200 for 2025; $1,500 for 2026 and each year after. A number of 
exemptions of the waste emissions charges are available under multiple conditions. 
Nevertheless, in aggregate this fee represents a major new U.S. policy and it is 
expected with high confidence that it should make a large impact on overall methane 
emissions.  

In addition, the IRA also imposes royalties on all methane extracted from federal land and on 

the Outer Continental Shelf, including gas that is consumed or lost by venting, flaring, or 

negligent releases during upstream operations, with a few exceptions. The legislation also may 

increase both onshore and offshore royalty rates from 12.5% to 16.67%, and up to 18.75% in 

some cases.  

3. Supporting agricultural and rural methane mitigation practices. The IRA provides strong 

incentives to boost methane mitigation efforts in the agriculture sector. Approximately $40 billion 

-- roughly 10% of the funds approved for climate change and clean energy investment in the 

IRA– will go to the agriculture sector.  

● Additional Agricultural Conservation Investments 
○ Environmental Quality Incentives Program. This program receives $8.45 billion 

through 2031. The funding prioritizes proposals that utilize diet and feed 
management to reduce livestock enteric methane emissions. It also supports 
agricultural conservation practices, including GHG reduction and 
capture/sequestration associated with agricultural production, and prioritizes 
projects and activities that mitigate or address climate change through the 
management of agricultural production, including reducing or avoiding methane 
emissions among other GHGs.  

○ The Conservation Stewardship Program. This program receives $3.25 billion to 
address climate change in agricultural activities. 

○ The Agricultural Conservation Easement Program. This program receives $1.4 
billion for climate actions in the sector.  

○ The Regional Conservation Partnership Program. This program receives $6.75 
billion to support reducing, capturing and sequestering GHGs associated with 
agricultural production and other climate actions in this sector, including 
leveraging supply chain sustainability commitments and utilizing models that pay 
for methane mitigation in the sector.  

● Conservation Technical Assistance. IRA provides $1 billion to support conservation 
technical assistance and $300 million to carry out a carbon sequestration and GHG 
emissions quantification program, which collects field-based data to assess GHG 
mitigation outcomes associated with agricultural activities  

● Additional Funding for Electric Loans for Renewable Energy. This provision aims to 
support renewable electrical power development in rural areas. The IRA provides $1 
billion through 2031 for the cost of loans that are forgiven for related projects. This action 
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can contribute to methane mitigation by providing incentives to biogas production and 
utilization in livestock manure management.  

● Rural Energy for America Program (REAP). REAP is a major existing program for 
rural energy development, including biogas recovery, a common technological approach 
for manure management. The IRA enhances REAP by providing over $1 billion in grant 
funds through 2031. In addition, underutilized renewable energy technologies in rural 
areas are supported by the program with additional funding of $177 million through 
2031.  

● Biofuel Infrastructure and Agriculture Product Market. $500 million is appropriated 
through 2031 to increase the sale and use of agricultural commodity-based fuels through 
infrastructure improvements for blending, storing, supplying and distributing biofuel. This 
contributes to methane mitigation in rural areas by improving biogas infrastructure. 

● U.S. Department of Agriculture (USDA) Assistance for Rural Electric Cooperatives. 
This provision also contributes to biogas utilization in rural areas by supporting electric 
cooperatives for robust and zero-emission rural electric systems. $9.7 billion is provided 
through 2031.  

4. Benefitting biogas/landfill gas production and utilization. Biogas production and 

utilization has been supported through diverse rural development programs and other policies to 

increase biogas, or landfill gas. The IRA provides additional incentives, particularly in expanding 

tax credits for biogas operations that begin construction before 2025. The incentives will have 

positive impacts on both livestock manure management and the waste sector.  

5. Improving energy infrastructure. The IRA supports new investments in energy 

infrastructure, enhancing the effectiveness of methane mitigation in energy-related activities, 

such as methane recovery and utilization in the coal mine and oil and gas sectors. The Energy 

Infrastructure Reinvestment Financing proposes $5 billion through 2026 to support the 

redevelopment of energy infrastructure that can avoid, reduce, utilize, or sequester GHG 

emissions, including methane. Energy infrastructures in the IRA include those for the generation 

and transmission of electric energy and the production, processing, and delivery of fossil fuels, 

fuels derived from petroleum, or petrochemical feedstocks. 

6. Reducing methane emissions as climate pollutants. Several provisions targeting GHG 

pollution will contribute to methane mitigation.  

● Greenhouse Gas Air Pollution Plans and Implementation Grants. The IRA 
appropriates two sets of grants – the Greenhouse Gas Air Pollution Planning Grants and 
the Greenhouse Gas Air Pollution Implementation Grants – to support eligible entities in 
developing and then implementing plans to reduce greenhouse gas air pollution. $250 
million and $4.75 billion are provided for the two grants through 2031 and 2026, 
respectively.  

● Greenhouse Gas Reduction Fund. The fund is appropriated to state and local 
governments to provide financial and technical assistance for climate actions in 
disadvantaged communities on a competitive basis. The fund provides $7 billion through 
2024 to enable low-income and disadvantaged communities to deploy or benefit from 
zero-emission technologies and carry out GHG emissions reduction activities. The fund 
also provides around $12 billion through 2024 for general assistance for GHG mitigation 
activities. In addition, $8 billion is provided for financial and technical assistance in low-
income and disadvantaged communities.   
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Coal Mine Sector 

Concern over methane emissions first emerged as a consideration in U.S. energy policy prior to 

its appearance in the climate agenda. Coal mine safety was the primary initial focus of methane 

emissions control. The federal government started to investigate coal mine safety in 1941, after 

the promulgation of the Act of Coal Mines, Inspections and Investigations. The Federal Coal 

Mine Health and Safety Act was first enacted in 1969 and amended in 1977 (known as the Mine 

Act). It is the legislation that currently governs coal mine safety in the U.S. The Act regulated 

coal mine methane emissions by monitoring drainage and ventilation to keep the emissions well 

below the lower explosive limit. However, the act does not require actions to cut methane 

emissions. No further laws or regulations have since been enacted at the federal level to 

mandate methane emissions in the coal mine sector.  

In addition to coal mine safety concerns, the resource view of CMM also contributed to methane 

emissions reduction in the U.S. It is worth mentioning that the development of coalbed methane 

(CBM) is differentiated from CMM recovery in U.S. policy. CBM has been considered as an 

unconventional natural gas industry, independent from coal mining. It refers to methane in coal 

seams that will never be mined. CMM, however, refers to the byproduct of coal mining activities. 

The production of CBM in the U.S. does not necessarily contribute to methane emissions 

reductions. However, in China, CBM and CMM are generally considered to be the same even 

though CBM development belongs to the oil and gas industry. This is because the development 

of CBM has been largely accompanied by coal mining activities since coal plays a significant 

role in China’s energy system. 

This does not mean that the CBM industry is irrelevant to CMM recovery in the U.S. In response 

to the energy crisis of the late 1970s, the Powerplant and Industrial Fuel Use Act of 1978 

prohibited the use of natural gas to fuel power plants. Nevertheless, unmarketable “high-cost 

gas,” including methane from coal seams, was excluded from this act, which laid a foundation 

for the development of CBM and CMM. The Windfall Profit Act of 1980 further encouraged 

unconventional gas development, including CBM and CMM, to cope with the energy crisis. The 

Section 29 Production Tax Credits of the Act provided strong incentives for CMM recovery in the 

U.S. The Energy Policy Act of 1992 also encouraged the production of waste methane from coal 

mines as an alternative fuel. In 1993, the EPA launched the Coalbed Methane Outreach 

Program (CMOP) to work with the coal mining industry to reduce coal mine methane (CMM) 

emissions through recovery and use projects. By 2017, there were 13 active underground mines 

and 20 abandoned mine methane (AMM) projects supervising 51 abandoned coal mines 

operating methane recovery and use (EPA, 2019a). 

Notably, at the state government level many U.S. states have considered CMM as an important 

alternative energy source to help meet their Renewable Portfolio Standards (RPSs), which 

direct electricity providers to generate minimum shares of their power from eligible energy 

sources such as wind and solar. Some of the top coal-producing states, such as Pennsylvania, 

Ohio, Utah, Indiana, and Colorado, have included CMM in their renewable energy strategies.  

  

https://www.zotero.org/google-docs/?LhxGAm


Roadmap for U.S.-China Methane Collaboration: Methane Emissions, Mitigation Potential, and Policies 

19  

Oil and Gas Sector 

The oil and gas sector has been an important focus of U.S. emissions policy for several 

decades. There have been three primary sets of policies targeting methane emissions from this 

sector: (1) distribution and pipeline transportation safety; (2) coping with climate change; and (3) 

resource conservation and recovery. However, some of the key regulations for methane 

mitigation have faced a series of administrative and legal challenges that have impeded full 

implementation of some of those regulations (GAO, 2022). 

For the first target, the Department of Transportation issued “Leakage Surveys on Distribution 

Lines Located Outside Business Districts“ in 1993, which required distribution lines to use 

methane leak detectors for mandated leakage surveys. In 2016, the Protecting Our 

Infrastructure of Pipelines and Enhancing Safety (PIPES) Act was promulgated, then amended 

in 2020. Aiming to advance the safe transportation of energy and other hazardous materials, the 

Act directs the U.S. Pipeline and Hazardous Materials Safety Administration (PHMSA) to take 

regulatory actions related to pipeline safety, including methane emissions mitigation, by 

updating the leak detection and repair regulatory requirements. More recently since November 

2021, PHMSA has been directed by the Bipartisan Infrastructure Law (BIL), which aims to 

rebuild infrastructure in the U.S., including natural gas pipelines, to minimize methane emissions 

from gas leak through multiple rulemakings. Specifically, PHMSA is implementing the Natural 

Gas Distribution Infrastructure Safety and Modernization Grant Program, which is established 

under the BIL. The program provides $200 million annually for five years to improve the safety 

of high-risk, leak-prone natural gas distribution infrastructure in both urban and rural areas 

(PHMSA, 2022). The second target – coping with climate change – has been a major driver of 

methane mitigation in the sector. The EPA launched its Natural Gas STAR program in 1993. 

The program provided a framework for the U.S. oil and gas industry to implement methane-

reducing technologies and track the voluntary emissions reduction activities of industrial 

participants. In addition, the New Source Performance Standards (NSPS) of the oil and gas 

sector issued in 2012 by the EPA originally regulated air pollutants, primarily volatile organic 

compounds (VOCs) emissions, from new facilities. While originally only targeting conventional 

air pollutants, these standards also result in methane emission reductions. The 2016 

amendments of the Oil and Gas Sector: Emission Standards for New, Reconstructed, and 

Modified Sources first set standards for GHGs, specifically methane emissions. The rule 

requires a 95% reduction of all emissions, including methane, from new or substantially 

upgraded wet seal centrifugal compressors and pneumatic pumps. It also requires 

owners/operators to capture excess emissions and route them to a process or flare and adds 

methane standards for reciprocating compressors. The EPA rule covers crude oil and gas 

production, natural gas transmission, and storage. However, the EPA regulation only has effects 

on facilities constructed, modified, or reconstructed after September 18, 2015. Facilities in 

existence prior to that time are not regulated by this rule. Due to administrative challenges, the 

EPA rescinded the 2016 methane standards and eliminated all oil and gas NSPS requirements 

for sources in the transportation and storage processes in the 2020 policy rule. The 2016 

standards and requirements for methane were reinstated in 2021 as the Congress passed and 

https://www.gao.gov/assets/gao-22-104759.pdf
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the President signed a resolution of disapproval under the Congressional Review Act for the 

2020 Policy Rule (GAO, 2022).  

In 2021, the EPA proposed new standards to further address methane emissions from new 

sources and, for the first time, address existing sources. The standards require the use of zero-

emission technologies and regular monitoring for leaks, and methane emissions from small 

wells to be addressed (Watson & LaMair, 2021). This brief summary highlights the complex 

regulatory landscape in the United States. 

The IRA covers both new and existing sources, as well as natural gas gathering, transmission 

and storage. In addition, the IRA of 2022 aims to strengthen methane mitigation efforts in this 

sector by amending the Clean Air Act to provide economic assistance for methane monitoring 

and mitigation activities of the marginal wells, and charge fees for excessive methane emissions 

(see Box 2.1 for more details).  

The third target - encouraging resource conservation and recovery - was supported by Waste 

Prevention, Production Subject to Royalties, and Resource Conservation – a regulation issued 

by the Bureau of Land Management (BLM) in 2016. It was rooted in the Mineral Leasing Act of 

1920, which required the BLM to ensure that oil and gas operators “use all reasonable 

precautions to prevent waste of oil or gas.” The goal of the BLM regulations is to reduce natural 

gas leakage in production activities and prevent reductions in royalty revenue. It replaced the 

1979 Notice to Lessees and Operators of Onshore Federal and Indian Oil and Gas Leases, 

Royalty or Compensation for Oil and Gas Lost, and updated the regulations to reduce natural 

gas waste from venting, flaring, and leaks during oil and gas production activities on federal and 

tribal lands, for both new and existing facilities. This rule further strengthened methane 

mitigation by recognizing methane emissions as a waste of valuable resources. It required 

operators to reduce flaring by capturing the emissions for utilization in production activities. It 

also required operators to carry out Leakage Detection and Repair (LDAR) at their well sites 

and for associated equipment. In addition, it specified when produced gas lost through venting, 

flaring, or leaks was subject to royalties and when oil and gas production may be used royalty-

free on-site. In particular, a loss of gas was subject to royalties when it was considered 

‘‘avoidable,’’ and royalty-free when it was unavoidable. However, similar to the EPA rule, the 

2016 BLM rule was mostly vacated due to legal challenges, resulting in the BLM reverting to the 

1979 standards (GAO, 2022). Nevertheless, the IRA mandates royalties for all extracted 

methane from the oil and gas upstream operations and  increases royalty rates from 12.5% to 

16.67% and up to 18.75%. 

The loss of gas and methane emissions and regulations on VOC emissions from well sites have 

also been regulated by many states, including Wyoming, California, Colorado, North Dakota, 

Texas, and Pennsylvania. (Table 2.3)  

  

https://www.gao.gov/assets/gao-22-104759.pdf
https://business.edf.org/files/Investor-Guide-to-Commenting-on-EPA-Methane-Rule-Proposal.pdf
https://www.zotero.org/google-docs/?PVIvS5
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Table 2.3: Examples of State Regulatory Requirements to Reduce Methane Emissions. 

Source: modified from GAO report (GAO, 2022)  

 Regulate methane 

or volatile organic 

compounds 

(VOCs) 

State 

regulation of 

existing 

sources 

State leak 

detection and 

repair (LDAR) 

program 

Requirement for 

equipment 

California Methane and VOCs    

Colorado Methane and VOCs    

North Dakota Methane and VOCs    

Pennsylvania Methane and VOCs    

Texas VOCs    

Wyoming Methane and VOCs    

Waste Sector  

The U.S. started to regulate methane emissions in the waste sector not long after the energy 

sector initiated such regulations. The Resource Conservation and Recovery Act of 1976 

(RCRA), an amendment of the Solid Waste Disposal Act of 1965, emphasized solid waste as a 

potential source of gas that could be converted into energy. In 1979, the EPA promulgated the 

Criteria for Classification of Solid Waste Disposal Facilities and Practices, in which methane 

was first identified as the principal source of explosions associated with solid waste disposal, 

and indicated that it needed to be controlled below the lower explosive limits. Methane was 

recognized as a GHG emission contributing to global climate change in the waste sector for the 

first time in the Standards for the Use or Disposal of Sewage Sludge in 1993. A major regulation 

for landfill wastewater management, the policy mandated the collection and treatment of 

leachate to control methane gas and required facility owners to monitor methane gas for three 

years after the closing of the last active sewage sludge. It specified that, for safety concerns, the 

volume of methane gas for sludge treatment should not exceed 25% of the lower explosive limit. 

Methane recovery was also encouraged in this policy.  

Under the Clean Air Act, methane emissions were further clarified as GHG emissions in the 

Standards of Performance for New Stationary Sources and Guidelines for Control of Existing 

Sources: Municipal Solid Waste Landfills in 1996 issued by EPA (known as the New Source 

Performance Standards -NSPS). It mandated landfill gas collection and limited non-methane 

organic compounds (NMOCs) emissions from landfills of a certain size in the United States. 

Even though this and the most recent updated NSPS for municipal solid waste in 2016 did not 

set up a specific target for landfill methane emissions, it has been a primary concern in these 

policies and has been regulated indirectly through NMOCs. For existing sites, EPA issued the 

2003 National Emission Standards for Hazardous Air Pollutants: Municipal Solid Waste Landfills 

(known as the MSW landfills National Emission Standards for Hazardous Air Pollutants 

[NESHAP]), which was updated in 2016 and finalized in 2020. This policy regulates hazardous 

air pollutant emissions from MSW landfills that are major or regional sources and have been in 

operation since 1987. It requires the owner or operator of a landfill to control the gas by 

https://www.zotero.org/google-docs/?3xBxU4
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installing a collection and control system (GCCS), flare and combustion devices or recovery 

treatment systems. For new sites, the Emission Guidelines and Compliances Times for 

Municipal Solid Waste Landfills issued in 2016 and its amendments emphasized the 

significance of this regulation on methane emissions reduction. The most recent rule limits 

NMOCs emissions from the new facilities to no more than 34Mg/year (lowered from 50Mg/year). 

In addition, the EPA launched the Landfill Methane Outreach Program (LMOP), which is a 

voluntary program that works closely with industry stakeholders and policy makers in the waste 

sector to reduce/avoid methane emissions from landfills. The program encourages the recovery 

and utilization of biogas generated from landfills. In addition, the IRA of 2022 will have a direct 

impact on landfill gas recovery and utilization as it expands the tax credits for biogas operations.  

Agriculture Sector 

Methane emissions from the agriculture sector in the U.S. have generally attracted less 

attention than other sectors. There has been no federal mandate for methane emissions 

regulation in the agriculture sector. Among the three subsectors of agriculture methane 

emissions – livestock manure, livestock enteric fermentation, and rice cultivation -- manure 

management has more methane-relevant policies than the others due to pollution and energy 

recovery concerns. First, the U.S. regulates manure discharge through the National Pollutant 

Discharge Elimination System (NPDES) Permit Regulation and Effluent Limitation Guidelines 

and Standards for Concentrated Animal Feeding Operations (CAFOs) issued in 2003. This rule 

has ensured that appropriate actions are taken to effectively manage manure from large 

CAFOs, with the aim of protecting the nation’s water quality. It also emphasizes methane 

emissions reduction as a co-benefit.  

Second, biogas recovery is an important means of utilizing methane emissions from livestock 

manure. The U.S. supports biogas production with various laws and policies. The Energy Policy 

Act, the Agriculture Act of 2014, and the 2018 Farm Bill encourage biofuel investment and 

production in farms and rural areas. Multiple biobased energy programs, including the Rural 

Energy for America Program (REAP) and AgSTAR, have been established. Economic 

incentives for biogas in the U.S. include tax credits (e.g., the Renewable Fuels Production Tax 

Credit, the Alternative Fuel Excise Tax Credit, the Renewable Electricity Production Tax Credit) 

and guaranteed loans.  

However, climate change has been an increasing concern in the agriculture sector. One of the 

most important commitments of agriculture methane mitigation was the agreement by the U.S. 

Department of Agriculture (USDA) and U.S. dairy producers in 2009 to reduce greenhouse gas 

emissions by 25% by the year 2020. Yet the emissions reduction target was not achieved as the 

dairy cattle emissions increased from 2010 to 2020 (EPA, 2022b). In addition, the USDA 

announced its climate change adaptation plan in 2014, which addressed the agency’s action on 

methane mitigation. Even though enteric fermentation and rice cultivation emissions have not 

been addressed specifically in the existing policy framework, they were mentioned in the 

Regulation of Fuels and Fuel Additives: Changes to Renewable Fuel Standard Program issued 

by the EPA in 2010 as part of the life-cycle assessment for renewable fuels. Currently, the 

USDA is establishing an Interagency Biogas Opportunities Task Force to facilitate the collection 

and use of methane for on-farm renewable energy applications. It has also initiated an 

https://www.epa.gov/ghgemissions/inventory-us-greenhouse-gas-emissions-and-sinks-1990-2020
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incentive-based “climate-smart” agriculture program that will reward farmers and ranchers for 

reducing methane emissions. A Climate-Smart Partnership Initiative will be launched to explore 

the establishment of new markets for agricultural commodities based on the application of a 

climate-friendly supply chain.  

More recently, the IRA of 2022 provides strong economic incentives for climate actions in the 

agriculture sector. Approximately $40 billion – around 10% of the total IRA funds – will support 

this sector to cope with climate challenges (see Box 2.1 for more details). Even though those 

provisions for agricultural GHG emissions reduction do not include methane emissions, funds 

are also available for methane mitigation in the sector. In particular, reducing emissions from 

enteric fermentation by feed management is supported by the Environmental Quality Incentives 

Program. Rural renewable energy, including biogas, is strongly supported by funding through 

several programs in the IRA. 

2.2.2 The Development of Methane Mitigation Policies in China 

As a climate challenge, methane emissions reductions did not attract significant attention from 

the Chinese government until recently. Methane is not currently included as a mandate in 

China’s 2030 carbon peak. Methane mitigation is also not mandatory in China’s updated 2030 

Nationally Determined Contribution (NDC) despite that the NDC briefly touches upon some of 

the methane mitigation efforts, such as reducing methane emissions from the energy sector, 

developing coalbed methane, as well as strengthening manure management and biogas 

development. However, methane was not completely missing from China’s climate policy 

discourse. China’s 2060 carbon neutrality target covers non-CO2 greenhouse gases, including 

methane. Methane recovery was listed as a key area in the Administrative Provisions of Clean 

Development Mechanism (CDM) Projects in 2005, the first time that methane mitigation was 

mentioned in a climate policy document (NDRC et al., 2005). The CDM projects played an 

indispensable role in methane mitigation actions in China. Nearly 300 methane projects on coal 

mine methane (CMM), manure, oil and gas, and wastewater were supported by CDM in China3. 

China’s National Climate Program, released in 2007, expressed ambition in methane mitigation 

in various sectors, including coal mine, livestock manure and enteric fermentation, rice 

cultivation, and municipal solid waste. The general aim of methane mitigation was brought up in 

numerous national climate plans, such as the 12th and the 13th Five-Year Plans for GHG 

Emissions Control, and the National Plan for Tackling Climate Change (2014-2020) (NDRC, 

2014; The State Council, 2011, 2016). It was also mentioned in the Central Government’s 

Notice on Promoting Ecological Civilization, issued in 2015, which has been one of China’s 

most important policy documents on sustainable development.  

While no specific commitment or detailed plan has yet been made to reduce methane 

emissions, China has raised its ambition to tackle methane emissions since 2021. Methane 

mitigation was mentioned for the first time in the 14th Five-Year Plan (FYP) for National 

Economic and Social Development (2021-2025). This indicates that the issue has risen in the 

 
3 285 methane-related projects are found from the CDM database  

http://www.gov.cn/ziliao/flfg/2005-12/08/content_121028.htm
https://www.zotero.org/google-docs/?6OBlhB
https://www.zotero.org/google-docs/?6OBlhB
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national policy agenda. Methane emissions are also addressed in the key national action plans 

and strategies for climate change, including the Action Plan for Reaching Carbon Emissions 

Peak before 2030 and the Central Government’s Opinion on Implementing the Carbon Peak 

Emissions and Carbon Neutrality Targets, issued in 2021 (The State Council, 2021a, 2021b).  

However, direct methane targets and mandates are not yet included in these national action 

plans. With respect to carbon markets, the China Certified Emission Reduction (CCER) initiated 

in 2012 has served as a major emissions trading platform for methane emissions. CCER refers 

to emissions reduction activities conducted by companies on a voluntary basis, and are those 

certified by the Chinese government. Methane-related CCER covered various sectors such as  

landfill gas, liquefied natural gas (LNG), and biogas projects. Approval of CCER was suspended 

in 2017; however, according to the “Administration of National Carbon Emission Trading” (2020) 

(MEE, 2020), CCER was still considered a key method for methane mitigation, increasing the 

expectation that it will soon be reinstated.  

Since the U.S.-China Joint Glasgow Declaration, ten policies which address methane mitigation 

actions have been issued (Table 2.4). 

Table 2.4: Progress of Methane Policymaking in China Since the Glasgow Climate 

Change Conference (COP26). All the policies were collected by July 27,2022. 

Policies 

Date of 

Issue Sector 

Opinions on Implementing Accelerating Rural Energy Transformation and 

Development to Promote Rural Revitalization (2021) Dec. 2021 Agriculture 

The 14th Five-Year Plan on Soil, Underground Water and Rural Ecological 

and Environmental Protection Dec. 2021 Agriculture 

Guideline on Promoting Ecological Farms Jan. 2022 Agriculture 

The Action Plan for Agricultural and Rural Pollution Control (2021-2025) Jan. 2022 Agriculture 

Notice of the Ministry of Housing and Urban-Rural Development on 

Organizing the Application for 2022 Science and Technology Plan Projects Jan. 2022 Landfills 

Opinions on Improving the System, Mechanism and Policy Measures for 

the Green and Low-Carbon Transformation of Energy  Jan. 2022 Climate 

Notice of the State Council on Printing and Distributing the "14th Five-Year 

Plan" to Promote the Modernization of Agriculture and Rural Areas  Nov. 2021 Agriculture 

The 14th Five-Year Plan on Modern Energy System Planning Mar. 2022 Energy 

Implementation Plan for Improving Synergistic Effect of Pollution 

Reduction and Carbon Reduction June 2022 Waste 

Implementation Plan on Emissions Reduction and Carbon Sequestration 

for Agriculture and Rural Areas June 2022 Agriculture 
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Coal Mine Sector   

Similar to the U.S., concern for methane emissions first emerged as a safety issue in China’s 

coal mine sector. As the world’s largest coal producer, China has long faced significant 

challenges related to CMM. CMM-related explosions in China once caused large numbers of 

coal mine worker fatalities every year. The first major regulation in coal mine safety with respect 

to CMM control, the Safety Code for Coal Mines issued in 1952, has been amended over the 

decades (Fuel Industry Press, 1952; MEM, 2022). Based on this regulation, the Norms on CMM 

Drainage was issued in 1997. In 2005, the central government established the Leadership 

Group of Inter-Ministerial Coordination for CMM Prevention and Treatment, which resolved to 

address the severe challenge in China’s coal mine sector. In the following years, several major 

regulations, procedures and standards were issued for monitoring, extracting and draining 

CMM. In general, there are two key quantitative requirements related to methane emissions: (1) 

the Safety Code for Coal Mines stipulates that the safe concentration of methane in main return 

airways or one-wing return airways should not exceed 0.75%; and (2) the CBM/CMM Emissions 

Standards (2008) forbids methane venting with a volume concentration over 30% (Ministry of 

Environmental Protection, 2008). It also requires operators to follow the principle of  “CMM 

drainage first and coal mining second.” These regulations have constituted a milestone for the 

direct control of CMM emissions in China. In addition, the latest safety code requires that for 

new coal mines, CMM must be drained prior to beginning mining operations (State 

Administration of Work Safety & State Coal Mine Safety Supervision Bureau, 2016). 

Recovering and utilizing CMM/CBM as an energy resource have been strongly emphasized as 

a key approach to tackling methane emissions in China., Even though a specific emissions 

reduction target has not been set for this sector, it has been mentioned as a way to limit 

methane/non-CO2 emissions in several other climate-related policy documents, beginning with 

the Administrative Provision of CDM Projects released in 2005 and most recently in the Action 

Plan for Carbon Emissions Peak before 2030 that was published in 2021. However, the drive to 

facilitate CMM/CBM utilization ran far ahead of methane being explicitly incorporated into 

China’s climate agenda (Yang, 2009). In the early 1990s, the U.S. EPA provided technological 

outreach and financial support for a coal mine methane recovery and utilization program in 

China. The United Nations Development Program (UNDP) and Global Environment Facility 

(GEF) financed China’s first coal-bed methane surface pre-drainage and underground 

directional drilling demonstration project in China (Yang, 2009). The assistance of the 

international community accelerated China’s policy-making on CMM/CBM capture and 

utilization.  

Coal mine safety and energy security were the primary driving forces behind CMM/CBM 

development. In 1994, the Implementation Provision of the Mineral Resource Law confirmed 

CMM/CBM as an independent energy industry (Chang & Zhang, 2017; The State Council, 

1994). Since then, the industry has been supported by numerous policies to achieve 

commercialization. The key industrial policies include: (1) various sectoral FYPs since 2001; (2) 

the Opinions on Accelerating CBM Drainage issued by the State Council in 2006, in which the 

central government decided to support CMM/CBM recovery and utilization with subsidies and 

tax exemptions (The State Council, 2006); and (3) Industrial Policy for CBM issued in 2013. The 
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subsidy provided to CMM/CBM utilization as household gas and chemical raw material was 0.2 

RMB/m3, based on the 2007 policy from the Ministry of Finance, and was increased to 0.3 

RMB/m3 from 2016 to 2019 when the subsidy was adjusted to be in accordance with the excess 

amount of annual production (MOF, 2016, 2019; NEA, 2007). It was decided that the subsidy for 

CMM/CBM power generation would be the same as the Feed-in-Tariff of biomass power – 0.25 

RMB/kw since 2007 (NDRC, 2007). Most recently, the 14th Five-Year Plan on Modern Energy 

System Planning issued in March 2022 emphasizes that the development of CBM, among other 

unconventional natural gas sources, is critical to energy security in China and therefore needs 

to be further encouraged. The policy also sets a target that CMM utilization should reach 6 

billion m3 (NDRC & NEA, 2022).  

Many local governments, such as Shanxi Province and Guizhou Province, also provide 

subsidies to CMM/CBM utilization. In addition to the subsidies, developers are exempt from the 

prospecting and licensing fees on CBM development, and no royalties are levied (MOF & State 

Taxation Administration, 2007). Coal mine companies equipped with coal mine drainage and 

recovery systems are allowed to use production safety funds to develop CMM drainage and 

utilization. (More detailed information on China’s CMM/CBM government incentives can be 

found in (Yang, 2009). China has also set quantitative targets for CMM/CBM recovery and 

utilization. The most recent targets of utilization rates for CMM and CBM were 50% and 90%, 

respectively, by 2020, as set in the 13th FYP (NEA, 2016b). In addition, recovery and utilization 

of the low-concentration CMM has been urged in a 2020 policy on the environmental impact 

assessment of coal mine development (MEE et al., 2020). The policy requires CMM with a 

concentration level of 8% and above to be utilized without adversely affecting safety. It also 

encourages the utilization options for CMM with a concentration level of 2%-8%, as well as VAM 

to be further explored.  However, the target for CMM utilization was not met, despite the fact 

that it had already been lowered from the 60% threshold set in the 12th FYP. In 2018, the 

Ministry of Natural Resources issued a policy that set the lower limits for the utilization of 

multiple mine resources (Ministry of Natural Resources, 2018), including CBM. The lower limit of 

the CBM recovery rate was set to 86%, and the recovery factors were 37% for low permeability 

gas reservoirs and 30% for ultra-low permeability gas reservoirs. 

Oil and Gas Sector  

Compared to the extensive body of CMM/CBM policies, the Chinese government has seldom 

addressed methane emissions reduction explicitly in policy documents for the oil and gas 

sector. The central government has not yet established direct methane emissions reduction 

targets for this sector. Nonetheless, the goal is often implied in relevant policies as a way to 

prevent the waste of natural gas and encourage energy conservation. For example, the Natural 

Gas Utilization Policy (NDRC, 2012b), issued in 2012, aimed at “improving the utilization 

efficiency and conservation”. The key national policies relevant to methane mitigation in this 

sector include: the 12th FYP for Natural Gas Development, which emphasized the promotion of 

methane gas recovery and natural gas-saving technologies, and policies that guide the oil and 

gas industry to recover and utilize vented methane. In addition, the Shale Gas Development 

Plan (2016-2020) (NEA, 2016a) also specifically states that methane emissions need to be 

recovered or treated during production activities. 
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 In recent years, pollution control has become a new driving force in indirectly regulating 

methane emissions in the oil and gas sector. Two important policies indicate a growing 

awareness of this issue by Chinese policymakers: (1) the Notice of Advancing the 

Environmental Impact of the Oil and Gas Industry (2019) (MEE, 2019); and (2) Air Pollutants 

Discharge Standards for Onshore Oil and Gas Mining Activities (2020) (MEE & State 

Administration for Market Regulation, 2020). The first emphasizes the detection of methane 

leakage. The latter sets quantitative targets for air pollution abatement, including non-methane 

hydrocarbons (NMHC). It also requires oil and gas producers to remove methane emissions by 

venting or flaring if it cannot be recovered. Producers must report to the local environmental 

authority if they are unable to employ either method. This policy is a milestone, because it is the 

first time the Chinese government has expressed more detailed and explicit requirements on 

methane emissions reduction in this crucial sector.   

Despite the lack of overarching methane mitigation targets from the central government, major 

oil and gas industry actors in China have nonetheless made recent commitments to reduce 

methane emissions from their business activities. The three largest oil and gas producers in 

China — PetroChina, Sinopec, and China National Offshore Oil Corporation (CNOOC) – are 

central state-owned enterprises that dominate China’s oil and gas industry. Together they 

account for nearly 100% of China’s natural gas production and over 90% of the crude oil 

production). They established the China Oil and Gas Methane Alliance in 2021, in which the 

members must agree to limit methane emissions intensity within 0.25% (PetroChina News, 

2021). To date, ten companies have joined the Alliance. PetroChina has also committed to 

reducing methane emissions intensity by 62.3% by 2025 from its 2017 level. Sinopec has set a 

target of reducing intensity by 50% by 2025 (EDF, 2021). Although there are yet no official 

commitments from the government, the voluntary efforts made by these giant state-owned 

industry actors can be taken as an indicator of national ambition and will be essential to 

methane emissions reduction in China’s oil and gas sector.  

Waste Sector  

While methane emissions from the waste sector have not attracted significant attention,  it has 

been considered a part of China’s climate strategies since the early 2000s. In 2005, the Ministry 

of Housing and Urban-Rural Development released a policy document that required provincial 

governments to submit information on landfill gas recovery/utilization and the deployment of 

municipal solid waste (MSW) incinerators within their jurisdictions to support methane emissions 

reduction and China’s climate commitment under the Kyoto Protocol. The National Climate 

Change Program, released in 2007, and the National Plan for Tackling Climate Change (2014-

2020) also stated the willingness to reduce landfill methane emissions by landfill gas recovery 

and utilization as well as by constructing municipal solid waste incinerators. The 11th FYP for 

Environmental Protection (2006-2010) also stated the ambition to limit methane emissions from 

MSW. 

However, few policies have been established to directly regulate methane as a GHG. Instead, 

most methane-related policies in the waste sector have been driven by concerns about safety, 

environmental pollution and resource conservation, especially with respect to landfills and 
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wastewater management. In particular, methane was first addressed in wastewater treatment 

policies. For example, in 1986 the State Council issued the Provisions for Water Pollution 

Prevention and Treatment, in which biogas recovery/utilization from sludges was encouraged 

for resource conservation purposes. The Technological Guidelines for Sludge Treatment and 

Pollution Prevention of Municipal Wastewater Plants (MEE, 2009) issued in 2009 further 

addressed biogas recovery/utilization for sludge treatment. Methane recovery was further 

emphasized in Guidelines for Overall Management of Urban and Rural Sewage in County (City) 

Regions (Trial Version) (MHURD, 2014). 

The first municipal landfill regulation was issued in 1997 - the Standard for Pollution Control on 

the Landfill Site for Domestic Waste (Agency of Environmental Protection, 1997), which limited 

the landfill methane concentration volume and required treatment for methane emissions, 

including utilization and flaring. Most of the standards and procedures for landfill construction 

and operation regulate methane emissions out of safety concerns (Ministry of Construction, 

2004; MOHURD, 2003, 2009; MOHURD et al., 2010). However, methane/biogas recovery and 

utilization have also been encouraged by various landfill policies, including the FYPs for the 

Planning and Construction of Facilities of Municipal Solid Waste Treatment and Neutralization 

(The State Council, 2012). In addition, waste management in the rural areas still remains a 

prominent challenge with respect to both pollution concerns and methane mitigation. No direct 

policies have yet been made to address methane emissions from rural landfills and wastewater 

directly. Nevertheless,  the Action Plan for Agricultural and Rural Pollution Control (2021-2025) 

sets a target for the rural wastewater treatment rate to reach 40%, which provides opportunities 

for methane mitigation in the waste sector in rural areas (MEE et al., 2022). 

It is worth noting that while the massive deployment of MSW incinerators in China over the last 

decade has made large contributions to methane emissions reduction in this sector, the 

motivation was the tension created by surging amounts of MSW in the context of insufficient 

land availability, rather than methane mitigation per se. During the 13th FYP (2016-2020), the 

number of MSW incinerators in China grew by 110% (China Environment Chamber of 

Commerce, 2021).  

Agriculture Sector  

For the agriculture sector, methane mitigation was first addressed in the 2007 National Climate 

Program, which included the reduction of methane emissions from livestock manure and enteric 

fermentation, and rice cultivation. However, methane emissions and climate change mitigation 

in this sector drew little attention from national policymakers until 2022, when three key 

agricultural policies were issued. The first was the so-called “No. 1 central document, launched 

on a yearly basis and generally considered the most important central government policy on 

agriculture and rural development. The 2022 document was the first to address the agriculture 

sector’s actions to cope with climate change. The policy encourages research and development 

of agricultural technologies to reduce carbon emissions and to increase the carbon sink, as well 

as value-creation for carbon sink products. The second policy was the Guidelines for Promoting 

Eco-Farms, in which methane emissions reduction from rice cultivation, livestock enteric 

fermentation, and livestock manure were listed as key sectors to be supported by low-carbon 
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compensation policies. In addition, the Department of Agriculture and Rural Affairs and the 

NDRC most issued the Implementation Plan on Emissions Reduction and Carbon Sequestration 

for Agriculture and Rural Areas (MARA & NDRC, 2022) in June 2022. This policy covers 

methane emissions reduction in the agriculture sector, including for livestock manure, enteric 

fermentation, and rice cultivation, and indicates China’s growing ambitions to tackle the 

problem.  However, methane mitigation in this sector is generally understated in the current 

policy framework. In particular, specific policies for livestock enteric fermentation and rice paddy 

methane emissions have been largely missing from the existing policy discourse.  

More attention has been paid to livestock manure management in the sustainability-related 

policies of the agriculture sector. As a major pollution source in rural areas, manure discharge is 

also regulated in China by the 2003 Discharge Standard of Pollutants for Livestock and Poultry 

Breeding (MEE, 2001), in which manure pollution treatment is mandated and manure utilization 

is strongly encouraged. The 14th Five-Year Plan on Manure Utilization and Crop-Livestock 

Integration issued in October 2021 detailed seven regional plans for manure management 

including anaerobic digester deployment  to cope with water pollution and energy supply 

challenges. The rate of manure utilization has become a mandatory target in the 14th FYP for 

the Modernization of Agriculture and Rural Areas (The State Council, 2022). The target has 

been set to above 80% by 2025 (MEE et al., 2022; The State Council, 2022). As an important 

means of manure utilization, biogas has played a significant role in manure management in rural 

China, and has contributed to China’s agricultural methane mitigation for decades (Mancl, 

2020). 

China has a long history of producing biogas in rural areas. China has long had a large agrarian 

economy, and, even today, is home to one of the world’s largest rural populations. As a clean 

energy and a key tool for rural development and environmental governance, biogas 

development remains central to numerous rural development policies and has received 

substantial support from the central government for nearly 40 years (The State Council, 1984). 

In 2021-2022, facilitating biogas development in rural areas has already been mentioned in 

eight policies, such as Opinions on implementing accelerating rural energy transformation and 

development to promote rural revitalization (NEA, 2021). The co-benefits of reducing manure 

pollution and providing low-cost clean energy to rural households have been emphasized by 

numerous policies. The central government was already determined to promote biogas 

development in rural areas in 1984, as indicated in the Report on Advancing Biogas 

Development issued by the State Council. Biogas has been considered a pathway for promoting 

eco-friendly agriculture since 1985 (The State Council, 1985). The massive development of 

biogas started in 2001. A large amount of subsidies was provided by the Chinese government 

for both anaerobic digesters deployment and biogas power generation (Qiu et al., 2013). Biogas 

power has enjoyed subsidies as a renewable energy source (NDRC, 2006b) since 2006. The 

feed-in-tariff of biomass power has been 0.75 RMB/kw since 2010 (NDRC, 2010). Biogas 

companies also enjoy other preferential policies, such as tax exemptions. In addition, rural clean 

energy supply through manure management has been highlighted again in the 14th Five-Year 

Plan on Modern Energy System Planning in 2022.  
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2.3 Key Findings and Policy Gaps 

Policies that have methane reduction co-benefits - particularly those that address 

operational safety, pollution abatement and energy security - have been the primary 

contributors to existing mitigation actions in both countries. Actions to limit methane 

emissions were taken long before the issue entered the two countries’ climate change agenda, 

due in large part to methane’s characteristics as an explosive gas and an energy source (in 

addition to its role as a greenhouse gas). This also indicates the importance of synergies and 

co-benefits for methane mitigation. 

(1) Both the U.S. and China issued safety regulations regarding methane emissions for coal 

mining, oil and gas production and transmission, as well as for landfills and wastewater 

treatment to prevent on-site explosions. Although safety regulations have minimal effects on 

methane emissions reduction since they often focus solely on controlling the concentration 

volume of methane rather than containing overall emissions, these regulations contribute to the 

monitoring and detection of methane emissions, which are fundamental for inventory data 

collection.  

(2) Both the U.S. and China have pollution abatement policies that also contribute to methane 

mitigation. Pollution abatement policies with a co-benefit of methane emissions reduction are 

found in the landfill sector in the U.S. In China, the recent air pollution regulations for the oil and 

gas sector aim to strengthen methane leakage detection, methane emissions recovery, and 

venting and flaring, if it cannot be recovered. In addition, both countries have mandated 

livestock manure pollution treatment, which indirectly addresses the effects of methane 

mitigation. Although these policies may not directly address methane mitigation, the 

requirements for air pollutant containment and treatment can help with capturing methane 

emissions for flaring or recovery. 

(3) Methane recovery and utilization play an important role in the development of methane 

policies in both countries, but particularly in China. Both countries have both encouraged or 

mandated methane recovery and utilization in the landfill, coal mine, oil and gas, and livestock 

manure sectors. In China, conserving or utilizing methane as an energy resource has been a 

major driver of methane emissions reduction for decades. It has been strongly encouraged 

across most subsectors (except for livestock enteric fermentation and rice cultivation). In 

particular, recovering/utilizing CMM/CBM, as well as biogas, from manure and landfills has been 

proactively supported by both the central and local governments, which have provided various 

subsidies for nearly 20 years. Compared to methane flaring, utilizing methane emissions as an 

energy source makes a greater contribution to climate change mitigation because it has 

substitution effects for more carbon intensive  energy, such as coal. 

Both countries could better quantify their methane mitigation targets and enact more 

climate policies that directly support those targets. So far, the U.S. has more climate-

related policies for methane mitigation than China. For example, the U.S. has supported 

quantified methane targets through the Global Methane Pledge’s collective goal of 30% 

reductions by 2030. It has already mandated GHG reporting from underground coal mines, 
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industrial wastewater, industrial waste landfills, and oil and gas systems. It also has four 

regional carbon emissions trading schemes that cover major methane emissions sources, 

including AMM, enteric fermentation, and rice cultivation. The federal government also requires 

direct methane emissions reduction and leak detection and repair for the oil and gas facilities 

that are subject to these regulations (e.g., new facilities, facilities located on federal and Native 

American lands). The regulations cover crude oil and gas production, gas transmission, and 

storage. These elements are not yet available in China’s methane policy frameworks.  

However, the quantified methane emissions reduction targets are far more than enough for both 

countries. Both countries do not have economy-wide methane emissions reduction targets. Few 

sectoral emissions reduction targets exist except for the oil and gas sector in which the U.S. has 

some level of quantified methane emissions reduction mandates (e.g. 95% reduction of 

methane emissions from wet seal centrifugal compressors and pneumatic pumps) and China 

has quantified targets for methane emissions intensity committed by major oil and gas 

companies (all of which are state-owned enterprises and account for over 90% of oil and gas 

production in China). Moreover, in the U.S., even though the recently passed IRA is ambitious 

and proactive on methane mitigation, few direct emissions reduction targets have been 

developed. Also, the IRA is less specific about methane mitigation in the agriculture sector 

despite its significant financial support for agricultural climate actions. These issues, therefore, 

require further attention from the federal government. In China, although several key policies on 

climate change express the ambition to deal with methane emissions, only a few include explicit 

targets and detailed approaches .Except for quantified technical standards regarding safety and 

pollution, many of the quantitative targets in China are industry-related, such as the 

development targets of CMM/CBM and biogas.  

Both countries have paid uneven attention across sectors, which calls for necessary 

sectoral policies to close the gaps. The U.S. and China have paid close attention to oil and 

gas and coal mine sectors, respectively. Both have paid the least attention to livestock enteric 

fermentation, rice cultivation, and AMM emissions.  

Specifically, the sectors that attract a high level of attention from the U.S. federal government 

are: (1) the oil and gas sector, in which a certain level of direct methane emissions reduction 

requirements, economic incentives and methane fees are applied; and (2) the landfill sector in 

which NMOCs are controlled by a specific target and act as a surrogate for methane emissions. 

Given their methane emissions levels, not enough attention has been paid by the federal 

government to the following sectors: (1) the livestock enteric fermentation sector, for which few 

specific regulations have been developed at the federal level, except for broad funding 

opportunities for GHG emissions reduction in the agriculture sector ensured by the IRA of 2022; 

(2) the coal mine sector, in which no federal regulations, except for the safety rules, have been 

enacted to control CMM and AMM emissions. However, voluntary programs and state-level 

policies have covered CMM/AMM governance (Denysenko et al., 2019); and (3) rice cultivation, 

in which few regulatory activities are found in the existing policy framework.  
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The sectors that attract a high level of attention from the Chinese central government are: (1) 

the coal mine sector, in which the recovery and development of CMM/CBM are strongly 

supported  by various industrial policies; and (2) the livestock manure sector, in which manure 

utilization is mandatory, and biogas recovery, in particular, has been extensively promoted. The 

sectors to which the Chinese government has paid the least attention are: (1) the enteric 

fermentation and rice cultivation sectors, in which no direct policies exist to address methane 

emissions; and (2) AMM emissions, which have not been specifically addressed in the current 

policy framework.  

Commonly-utilized policy types in the U.S. and those in China are distinct, which creates 

opportunities for sharing experiences and policy learning. To achieve methane reduction 

goals, the U.S. has primarily utilized regulatory policy instruments and diversified economic 

incentives, while China has preferred planning instruments – particularly industrial policies to 

encourage methane utilization and subsidies/tax exemptions for methane mitigation. Policy 

instruments are the techniques used by the government to achieve policy goals. This study 

adopts a typology of four major policy instrument types: planning instruments (e.g., Five-Year 

Plans, action plans); regulatory instruments (e.g., laws and rules); economic instruments (e.g., 

subsidies, tax exemptions, and carbon markets); and voluntary instruments (e.g., pilots, 

programs). A more granular classification is shown in Figure 2.2.  

(1) The U.S. has used larger numbers of regulatory instruments for methane-related policy 

targets, which limit methane emissions by mandatory requirements and legal compliance. 

Violation of these regulations may lead to penalties. China has used more planning instruments 

such as Five-Year Plans (FYPs), industrial policies, action plans, and guidance, which do not 

necessarily require legal compliance. However, this does not mean that those strategic planning 

policies are less important; rather, this usually indicates that the issue has gained high political 

attention and will be strongly supported by the central government, particularly if the issue is 

specifically addressed in key strategic policies, such as the FYPs. The regulatory versus 

planning preferences on methane policies also indicate that the two countries have adopted 

different perspectives toward methane emissions, i.e., the U.S. tends to consider methane 

emissions more as a climate pollutant that requires regulations for abatement, whereas China 

takes methane emissions as valuable resources and infant industries that need to be supported 

and promoted.  

(2) Both the U.S. and China have provided economic incentives for methane recovery. For 

example, biogas recovery from manure and landfills is encouraged by energy policies in both 

countries. However, China tends to adopt subsidies and tax exemptions as key economic 

instruments while the U.S. is more inclined to provide federal grants, tax credits, and preferential 

loans, as highlighted by the IRA. In addition,  regional U.S. carbon markets cover methane 

emissions from all sub-sectors, including AMM and rice cultivation. In China, methane 

emissions trading has not yet been implemented in the national Emissions Trading Scheme 

(ETS) launched in 2021. However, the China Certified Emissions Reduction (CCER) that was 

suspended in 2017 is likely to be restarted soon. 
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Figure 2.3: Summary of Key Findings. This figure summarizes the key policy areas of the 

U.S. and China related to methane mitigation. The * in the climate change category indicates 

that the U.S. has partially committed to methane emissions reduction targets subject to climate 

change. The * in the oil and gas category indicates that China only has mitigation targets across 

major oil and gas companies.  
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Chapter 3 Uncertainties in Historical Methane 

Emissions 

To enact meaningful, ambitious and effective policy actions and targets, historical data that 

reflects real-world methane emissions is needed. However, estimating anthropogenic methane 

emissions is challenging due to the complexity of methane emission processes. Methane 

emissions are largely from either fugitive (coal mines and oil and gas operations) or biological 

(flooded rice, livestock, and landfills) sources where emission rates depend on site-specific 

conditions and operational procedures, which leads to high levels of uncertainty. There are two 

approaches commonly used for estimating methane emissions: 1) bottom-up calculations, which 

use emission factors or process models to estimate emissions from historical activity levels and 

2) top-down calculations, which use atmospheric measurements, generally combined with 

atmospheric model calculations, to estimate emissions from a given region. Top-down estimates 

use some combination of observations from surface stations, aircraft, and satellites and have 

the advantage of representing real-world conditions, but cannot always differentiate between 

natural and anthropogenic sources. Bottom-up inventory methods provide much more detail on 

the sectoral sources of emissions. 

Based on comprehensive literature review and data collection, we compare Methane (CH4) 

emissions across 9 bottom-up and 12 top-down inventories to characterize anthropogenic 

methane emissions in the U.S. and China across several subsectors, including energy (coal, oil, 

and gas), agriculture (rice cultivation, enteric fermentation, and manure management), and 

waste (wastewater and landfill). We also compare the spatial distribution of methane emissions 

in 4 inventories that provide gridded data. This helps us understand hotspots for methane 

emissions, identify potential regions for early actions or pilot projects, and to understand some 

of the differences in inventory estimates, as the location of emissions is critical for reducing 

uncertainty in methane emission estimates.  

Comparing historical emissions across inventories helps us: (1) understand the characteristics 
and dynamics of methane emissions in the U.S. and China; (2) assess sources of discrepancies 
among inventories; (3) shed light on further improvements in estimating CH4 emissions and 
developing national GHG inventories; and (4) highlight potential areas of collaboration between 
the two countries.  

3.1 Current Status of Methane Emissions 

China and the U.S. are the first and third leading emitters of methane by country, respectively. 

Collectively, both countries account for approximately 25% of global methane emissions (GMI, 

2022b). Methane emissions in the U.S and China differ in magnitude, sectoral makeup, and 

trends over time. In 2014, the latest year that nationally reported data is available for both 

countries, China and the U.S. reported 55 TgCH4 and 28 TgCH4 total methane emissions, 

respectively (Figure 3.1) (China NCCC, 2018; EPA, 2022a). As reported by other inventories, 

China's total methane emissions reached the highest value to date since 1990. After 2015, total 

emissions declined through 2016, but then continued to increase afterwards. Total methane 

emissions in the U.S. showed an overall decreasing trend since 2014, with a continuous decline 

https://www.zotero.org/google-docs/?dSu8l8
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from 2014-2016, a small increase from 2016-2018, and a return to a decreasing trend after 

2018. 

According to nationally reported data, methane emissions in both countries are primarily 

attributed to the energy, agriculture, and waste sectors (Figure 3.1). The energy sector accounts 

for about 40% of the total methane emissions in both the U.S. and China (China NCCC, 2018; 

EPA, 2022a). The overwhelming majority of methane emissions from the energy sector in China 

are attributed to coal production, which comprises only about 10% of emissions in the U.S., 

while oil and gas production accounts for nearly a third of total methane emissions in the U.S., 

and a minimal amount of China emissions. The agriculture sector emits more than a third of 

total national methane emissions in both the U.S. and China. Methane emissions from the 

agriculture sector in China are mostly from livestock and rice cultivation. In both countries 

emissions from livestock are attributed primarily to enteric fermentation, with a smaller amount 

from manure management. Slightly more than one tenth of total Chinese and one fifth of total 

U.S. methane emissions are attributed to the waste sector, with over half of waste emissions 

attributed to solid waste and the remainder to wastewater management in both countries. The 

solid waste sector includes both managed and unmanaged solid waste disposal sites, including 

landfills. 

However, not all methane emissions inventories align with nationally reported historical data in 

either country. This report evaluates other inventory estimates to understand sources of 

uncertainty and different methodologies for estimating emissions to inform policy priority areas 

and target-setting. 

 

Figure 3.1: China and U.S. Methane Emissions by Source in 2014. This figure is based on 

countries’ national inventories. China developed official GHG inventories for years 1994, 2005, 

2010, 2012, and 2014; the U.S., as an Annex I country, submits its national GHG inventory on 

an annual basis. Here we compare methane emissions in 2014, the latest year that official GHG 

inventory data is available for both countries. Shares in this figure may not sum to 100% due to 

rounding. Other energy is total energy emissions minus coal and oil/gas fugitive emissions.  

https://www.zotero.org/google-docs/?broken=7I0sI5
https://www.zotero.org/google-docs/?broken=7I0sI5
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3.2 Total Methane Emissions in the U.S. and China 

This report utilized a wide range of both top-down and bottom-up inventories to measure 

methane emissions from selected sectors in the U.S. and China. Bottom-up inventories include 

the Community Emissions Data System (CEDS), the Emissions Database for Global 

Atmospheric Research (EDGAR) v6.0; the Environmental Protection Agency’s (EPA) Global 

Non-CO2 Projections & Mitigation Potential Reports; the Food and Agriculture Organization’s 

Statistical Database (FAOSTAT) methane Totals; the Greenhouse Gas-Air Pollution Interactions 

and Synergies (GAINS) model v4; Global Fuel Exploitation Inventory (GFEI) v2; the People’s 

Republic of China’s Third National Communication on Climate Change (China NCCC); and the 

Inventory of U.S. Greenhouse Gas Emissions and Sinks (U.S. GHGI). Data between EPA and 

U.S. GHGI data we collected vary slightly, because they were collected from different years. 

EPA data was collected from a global 2019 report, and the U.S. GHGI data includes the latest 

update from April 2022. Most bottom-up inventories provided data at the national level, with 

some exceptions. The Global Methane Budget (GMB) provided both bottom-up and top-down 

inventories with reported averages over an 8-year period. To compare our bottom-up estimates, 

we collected top-down data estimates from published literature (Chen et al., 2022b; Deng et al., 

2022; Lu et al., 2021a; Miller et al., 2019; Qu et al., 2021; Sheng et al., 2021; Stavert et al., 

2022; Wang et al., 2021; Worden et al., 2022; Zhang et al., 2021b). 

Sources of activity data and emission factors differed across bottom-up inventories, with the 

most commonly referenced sources of activity data for the energy sector including the IEA 

(International Energy Agency) World Energy Balances, IEA World Energy Outlook, EIA (Energy 

Information Administration) International Energy Outlook, and the BP Statistical Review of World 

Energy. FAO was the most common referenced source of activity data for the agriculture sector.  

Waste activity data often referenced the IEA World Energy Outlook and FAO. Nationally 

reported emissions and activity level data to the UN Framework Convention on Climate Change 

(UNFCCC) through the Common Reporting Format (CRF) tables, from both the U.S. and China, 

were also utilized in several inventories. Emission factors also varied by inventory. 

Intergovernmental Panel on Climate Change (IPCC) default emission factors were most 

commonly used; however, several inventories utilized sector-specific emission factors. 

Additional sector-specific emission factor or activity data adjustments will be discussed in later 

sections.  

The anthropogenic methane emissions estimates in 2014 range from 52.9-66.9 TgCH4 in China 

and 25.6-27.7 TgCH4 for the U.S. Discrepancies are observed between top-down data and 

bottom-up inventories, especially in later years with additional top-down data sources, such as 

2017, where the range is 40.0-70.7 and 22.0-42.9 for China and the U.S., respectively. 

For China, inventories with time-series data show rather consistent trends in the long-term, with 

total methane emissions in China increasing between 1990 and 2020, largely due to increased 

methane emissions from the energy and waste sectors. Specifically, during 2000-2010, 

emission ranges increased from 34.6-47.3 TgCH4 to 49.6-62.0 TgCH4, an increase of 31-43%. 

The rate of increase in China’s methane emissions has slowed since 2010, compared to the 

previous decade (Liu et al., 2021). Between 2012-2015, all the inventories except CEDS, EPA & 

https://www.zotero.org/google-docs/?ZtGBTW
https://www.zotero.org/google-docs/?ZtGBTW
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Sheng et al. 2021 show emissions peaking, then starting to decline, while after 2016, EPA, 

CEDS & Sheng et al. 2021 showed a slightly increasing trend (Figure 3.2).  

In the U.S., according to the nationally reported data, total methane emissions decreased by 

~4.8 TgCH4 from 1990 to 2020. Bottom-up inventories show significant agreement in overall 

trend, as emissions decline from 1994-2005 increase slightly between 2005-2008, then 

decrease through 2016, before increasing slightly through the latest available data. Emissions 

peak prior to 2000 and have been slowly declining since (Figure 3.2). 

 

Figure 3.2: National Total Methane Emissions in the U.S. and China. GAINS estimates are 

only included for China, because data is not available for the U.S. The error bar for the U.S. is 

the EPA uncertainty range for methane (-8 - +11%) (EPA, 2022b). Many inventories only 

reported an average of emissions over several years. To represent this data, we included a 

single data point for the latest year included in the average. Since the GMB data is a collection 

of several inventories, we included only the highest and lowest reported values, to represent the 

range across collected inventories. The shaded area represents the emission interval estimated 

from all bottom-up inventories. Triangle-shaped data points represent top-down data. Bottom-up 

inventories include: CEDS; EDGAR; U.S. EPA; GAINS; the China NCCC and the U.S. GHGI. 

Sources: (Chen et al., 2022b; Deng et al., 2022; Lu et al., 2021a; Miller et al., 2019; Qu et al., 

2021; Sheng et al., 2021; Stavert et al., 2022; Wang et al., 2021; Worden et al., 2022; Zhang et 

al., 2021b) 
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To better understand how bottom-up and top-down inventory estimates differ, we calculated one 

standard deviation above and below the median estimate across inventories in 2017, the year 

with the most data available (Figure 3.3). Uncertainty varies across sectors and across 

countries, with relatively higher uncertainty in oil and gas and total emission estimates in the 

U.S., due in part to the wide variation in top-down estimates for U.S. oil and gas emissions. 

Uncertainty in rice cultivation, fermentation, coal mining, and wastewater across collected 

inventories are significantly higher in China in 2017. Given the variation across inventories for 

methane emissions in both the U.S. and China, further understanding inventory methodological 

approaches for key methane emission sources in both countries is critical for understanding 

historical emissions data.  

 

Figure 3.3: Inventory Estimates and Uncertainty Across Sectors in 2017. Bars represent 

the median estimate across all inventories included in Figure 2 with data reported in 2017, as it 

was the year with the most data available. The error bars are +/- one standard deviation from 

the median for each sector.  
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3.3 Methane Emissions from Energy Activities 

Both the U.S. and China rely heavily on fossil fuels for energy production. China is the world’s 

largest producer of coal, and the U.S. is the largest producer of natural gas and oil (EIA, 2019). 

Given the high share of methane emissions stemming from energy production, improving 

historical estimates is critical for mitigation.  

3.3.1 Uncertainty in Coal Mining Methane Emissions 

China and the U.S. were the first and fifth largest coal producers in 2020 (IEA, 2021b), making 

coal mine methane a key area of mitigation for both countries.  

There is fairly good agreement across inventories in terms of magnitude of emissions and 

overall long-term trend in the U.S., with a range in 2014 from 2.5-2.8 TgCH4 and some variation 

in the rate of emissions decline after 2015 (Figure 3.4). In the U.S., all inventories show 

declining emissions over time, which may be driven by a combination of declining coal 

production, which peaked in 2007 or 2008 (Mendelevitch et al., 2019), and increasing utilization 

of methane released by mining operations for energy, as about 48% of underground mining 

methane emissions were recovered in 2020 compared to only 28% in 2005 (EPA, 2022b). 

Coal emissions have been increasing in China since 2000, but slowed since about 2010, with 

most models showing constant or declining emissions from 2012-2015 (Figure 3.4). Reduction 

in emissions after 2012-2015 is likely related to a reduction in coal production, which peaked in 

2013, then declined through 2016 (NBS, 2021). However, some inventories, such as CEDS and 

Sheng et al. (2021), show increasing emissions post-2015. Some research suggests that 

methane emissions have not declined as much as production, and that abandoned mine 

methane emissions are negating some of the potential emissions reduction gains from 

decreasing production (Sheng et al., 2021). Additionally, coal production started to increase 

again after 2017 and recent analysis shows increasing coal production in 2022, with current 

production 11% higher than in 2021 (Xu, 2022). 

Most of the inventory estimates are fairly well-aligned in both countries, with the exception of 

several top-down estimates from recent studies, which estimate lower emissions from coal 

mining in China. In China, the discrepancy between top-down and bottom-up inventories may 

be from differences in geospatial information (Sheng et al., 2021), as well as the high 

uncertainty in the accuracy, precision, and variability of estimates among bottom-up inventories 

(Cheewaphongphan et al., 2019). Bottom-up inventories emission factors may not reflect recent 

coal production trends (Chen et al., 2022b), as current emission factors may not account for 

shifting production in China to northwestern China, which has low methane content coal 

reserves, the closure of less efficient mines through coal de-capacity policy in the past decade, 

or the ratio of underground and surface mining (Gao et al., 2021). Additionally, China’s coal bed 

gas utilization ratio has increased from 2010 to 2019 by about 25%, which may not be reflected 

in emission factors (Lu et al., 2021b). 

Large discrepancies across bottom-up estimates may result from region-specific activity data 

and differences in emission factors. Previous research has found that the emission factor used 
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by EDGAR and EPA is higher than other inventories for coal mining, leading to higher emissions 

estimates (Gao et al., 2020; Lin et al., 2021). Emission factors vary based on the geology, depth 

of mine, and characteristics of coal in a region (Gao et al., 2020; Zhu et al., 2017), and 

provincial-level emission factors may be needed to evaluate CMM adequately. Research 

suggests that differences in emission factors for underground mining may be a more significant 

driver of uncertainty across inventories than activity data, along with different inventory 

assumptions about the share of surface and underground mining (Gao et al., 2020).  

 

Figure 3.4: Methane Emissions from Coal Mining. GAINS estimates are only included for 

China, because data is not available for the U.S. The error bar for the U.S. is the EPA 

developed uncertainty range for coal mine methane emissions (-9 - +17%) (EPA, 2022b). Many 

inventories only reported an average of emissions over several years. To represent this data, 

we included a single data point for the latest year included in the average. Triangle-shaped data 

points represent top-down data. Several estimates for the U.S. overlap, so not all inventories 

are displayed in the figure. 

Box 3.1: China Coal Mining Specific Inventory Assumptions 

All bottom-up inventories made some adjustments to their standard methodology for coal 

emissions to account for regional differences in China. EDGAR used findings from the research 

on coal quality to adopt a different emission factor, while the GAINS inventory calibrated 

emissions to estimates from recent country-level analyses (Peng et al., 2016). The EPA 

estimate used granular emission factor assumptions for different stages of coal production, 

including VAM, mining, and post-mining processes. GFEI uses regional production information 

and nationally reported emissions data for scaling emissions. Sheng et al., 2021, uses data from 

the Chinese State Administration of Coal Mine Safety (SACMS) on reported methane emissions 

from 10,093 operating mines.  
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Box 3.2: Abandoned Coal Mine Methane 

Abandoned Coal Mine Methane (AMM) will be an increasingly important source of emissions, 

especially for China. The number of coal mines closed increases every year, and coal mines 

may continuously emit methane for more than eight years after closure (Kholod et al., 2020). 

Previous research suggests that global AMM emissions may have been underestimated by 

potentially as much as 50% in 2010 (Kholod et al., 2020), and the current magnitude of AMM 

emissions in China are still highly uncertain (Gao et al., 2021; Peng et al., 2016; Zhang et al., 

2014).  

For the U.S., annual methane AMM emissions declined from 0.29 to 0.23 TgCH4 from 1990 to 

2020, and generally comprised ~7% to around 12% per year of total coal methane emissions. 

The fluctuations over time are mainly due to the number of mines closed in a given year and the 

scale of emissions from those mines while they are active (EPA, 2022b). AMM emissions 

peaked in 1996 (0.40 TgCH4) due to the closure of a large number of gassy mines (mines with 

emissions > 100 mcfd) between 1994 and 1996 (EPA, 2004). Despite this fluctuation, emissions 

from AMM have generally declined since 1996 to 0.23 TgCH4 in 2020. This decline may 

possibly be due to increased methane recovery and utilization, as 31% of the methane 

emissions from abandoned mines were recovered in 2020, compared to none in 1990 (EPA, 

2022b). 

As a Non-Annex I country, China is not required to report AMM emissions in reporting to 

UNFCCC. Most bottom-up inventories of methane coal emissions have not calculated AMM 

emissions in China (Hoesly et al., 2018; Liu et al., 2021; Olivier & Peters, 2020; Sheng et al., 

2021), and some bottom-up inventories have included estimates of AMM emissions in China but 

did not report AMM as separate from total coal mining emissions (China NCCC, 2018; Kholod et 

al., 2020; Schwietzke et al., 2014). Several studies have developed estimates for AMM, 

including a 2015 U.S. study that found AMM emissions to correspond to approximately 13% of 

active coal mining methane emissions (EPA, 2017). Based on this research, GAINS assumes 

AMM emissions are equivalent to 10% of active hard coal mining emissions for Non-Annex I 

countries (Höglund-Isaksson et al., 2020). Other estimates for AMM may be as high as 17% of 

coal mining emissions (Kholod et al., 2020).  

Regional studies have found that AMM emissions in China increased rapidly from 1998-2005 

(Chen et al., 2022a), when more than half of China’s small coal mines had been closed under 

the Chinese government’s shutdown policy, beginning in 1998 (Bai et al., 2012; Lu et al., 2020). 

During 2006-2015, AMM emissions generally showed a decreasing trend, which is consistent 

with the time period between China’s 11th and 12th FYP period, when a number of policies were 

enacted to reduce production from depleted coal mines (NDRC, 2006a, 2012a). From 2015 to 

2017, AMM emissions estimates increased from 1.6-3.9 TgCH4 to 2.0-4.9 TgCH4, then 

decreased to 2.1-4.7 TgCH4 in 2019 (Chen et al., 2022a; Gao et al., 2021). These estimates 

range from 7-18% in 2015, 11-26% in 2017, and 13-28% in 2019 of median coal mining 

emissions from the inventories we collected, suggesting emissions may exceed the 10% or 13% 

estimates used in prior research.  
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3.3.2 Uncertainty in Oil and Gas Methane Emissions 

In 2021, the U.S. was the world’s leading producer of both oil and gas and China was ranked 

fifth in oil production and fourth in gas production globally (EIA, 2022a). Although the magnitude 

of emissions varies across countries, both have high levels of uncertainty in inventory estimates. 

In the U.S., most global inventories show a high-level of consistency, with a range in 2014 from 

7.7-8.8 TgCH4 (Figure 3.5). However, the only top-down inventories with oil and gas data (Lu et 

al., 2021a; Worden et al., 2022) exceed the U.S. uncertainty range, estimating about 40-63% 

and 17-40% more emissions in 2017 and 2019 separately than bottom-up estimates. Bottom-up 

inventories use primarily IEA activity data (EDGAR, GAINS) and IPCC default emission factors 

(EDGAR) and/or U.S.-specific activity data, emission factors or nationally reported emissions 

data (EPA, U.S. GHGI, GAINS, CEDS, GFEI). Most inventories include production and 

distribution of oil and gas in the U.S. Other research has identified a large discrepancy between 

bottom-up and top-down oil and gas methane emissions in the U.S., as U.S. bottom-up 

inventories may not capture emission leaks or other malfunction events that release methane 

(Rutherford et al., 2021). One study estimated that leaks from the oil and gas supply chain in the 

U.S. were 60% higher in 2015 than the U.S. GHGI estimate and speculated that the use of 

component-level, rather than facility-level, emission factors could contribute to underestimating 

facility abnormal events in the national inventory (Alvarez et al., 2018). Other research supports 

this finding, and that typical operations are insufficient to explain observed emissions at the 

facility level. In the Barnett Shale region in Texas, one third of total emissions could be from 

unintended events that are not captured in component-level inventories (Zavala-Araiza et al., 

2017). Another study found that methane emission leaks in the Permian Basin in Texas were 

about twice as high as nationally reported estimates (Zhang et al., 2020), and previous top-

down inversions find 2010-2015 oil and gas emissions reported by U.S. GHGI to be lower than 

their estimate by a factor of two (Maasakkers et al., 2021). Also, methane oil and gas emissions 

vary spatially and temporally (Lavoie et al., 2017), and aggregated emission factors may not be 

representative of local emissions that occur over short time periods (Vaughn et al., 2018). 

Variation in flaring efficiency estimates and in the granularity of emission factors and activity 

data assumptions for onshore, offshore production, transmission and distribution, and heavy 

production also may contribute to inventory differences. More continuous monitoring of 

emissions sites to better identify the sources of unintended emissions is needed (Zavala-Araiza 

et al., 2017). A recent observational study in the U.S. found that oil and gas flaring systems are 

not as efficient as often assumed, and that the combination of inefficient flaring and unlit flares 

results in higher methane emissions than many current estimates (Plant et al. 2022).  

In China, oil and gas methane emissions have been historically low, but are increasing. Some 

inventories show an increase from 2015 through the latest data, suggesting potentially 

continued growth in this sector (Figure 3.5). Though the scale is small, estimates from 

inventories vary, with the range in 2014 from 1.2-3.4 TgCH4. Better understanding the 

differences between nationally reported data and other global inventories will be critical for 

understanding not only magnitude of oil and gas emissions in China, but also the trendline, as 

nationally reported 2014 data shows constant emissions from 2012 to 2014, while other 

inventories demonstrate increasing emissions through 2014 and most recent data (GFEI, 
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EDGAR and GAINS), driven at least in part by increasing production volumes. Total petroleum 

production and crude oil production has been increasing in China since 2005, though it peaked 

in 2015 (NBS, 2021, 2022a, 2022b, 2022c; EIA, 2022b). Nationally reported gas production has 

been increasing in China, making oil and gas an increasingly important source of emissions in 

the future (NBS, 2021, 2022a, 2022b, 2022c; EIA, 2022b). One study that evaluated oil and gas 

estimates in China found that variation across emission factors was a major driver of variation in 

inventory estimates, more than activity data or scoping differences (Gao et al., 2022). The 

official inventory emission factor for oil production is lower than the IPCC default, which GAINS, 

EDGAR and CEDS use (Gao et al., 2022).  

 
Figure 3.5: Methane Emissions from Oil and Gas. GAINS estimates are only included for 

China, because data is not available for the U.S. The error bar for the U.S. is the EPA 

developed uncertainty range for oil and gas methane emissions (-20 - +21%) (EPA, 2022b). 

Many inventories only reported an average of emissions over several years. To represent this 

data, we included a single data point for the latest year included in the average. Triangle-

shaped data points represent top-down data. 

3.4 Methane Emissions from Agricultural Activities 

The agriculture sector is a significant source of methane emissions in both the U.S. and China, 

making up over one third of total emissions in 2014 (China NCCC, U.S. GHGI). As the world’s 

leading producer of rice and meat products, mitigating agricultural emissions is essential to 

reduce methane emissions in China (FAOSTAT, 2021b; Xin et al., 2020). China produced 

77,142,724 metric tons of meat and 213,610,729 metric tons of rice in 2020 (FAO, 2021; 

FAOSTAT, 2021a). Although China is the world’s leading producer of meat, the U.S. is the 

world’s leading producer of beef; the U.S. produced 12,357,232 metric tons of beef in 2020, 

compared to 6,048,629 metric tons of beef produced in China in 2020 (FAOSTAT, 2021a). As 
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the world’s leading producer of beef, reducing livestock agricultural emissions is also important 

in the U.S. (Gleason & White, 2019), especially as global meat consumption is expected to 

increase by 14% by 2030 (FAOSTAT, 2021b). 

3.4.1 Uncertainty in Rice Cultivation Emissions 

Methane emissions from rice cultivation in the U.S are minimal at less than 2.5 % of total 

emissions, or 1 TgCH4, ranging across inventories from 0.32 to 0.62 TgCH4 in 2014 (Figure 

3.6). Emissions between 1990 and 2020 have significantly fluctuated year-to-year but have 

generally trended downward over time and all inventory estimates are within the bounds of the 

EPA developed uncertainty range.  

Methane emissions from rice cultivation are a significant source of emissions in China, but 

inventory estimates vary significantly, as estimates range from 5.4 to 14.2 TgCH4 in 2014 

(Figure 3.6). Most inventories report emissions remaining relatively stable between 1990 and 

2020, but have slightly different trends across inventories. FAO and sources that rely on FAO 

data, such as CEDS and EDGAR, estimate emissions declined from 1990-2003 before 

increasing again slightly, with emissions peaking in 1990. EPA and the China NCCC show a 

positive trend in methane emissions from rice cultivation between 1990 and 2020, with 

emissions peaking in the latest available data year. The range between estimates in 2019 is 

even higher than 2014, between 5.3-30 TgCH4.  

The range of estimates in rice cultivation can be attributed, in part, to variations in the 

proportions of flooding in rice cultivation ecosystems and emission factors (Cheewaphongphan 

et al., 2019). Higher rates for parameters in bottom-up estimates were used in EDGAR, such as 

assuming a higher proportion of continuous floods relative to other bottom-up inventories 

(Cheewaphongphan et al., 2019). Rice cultivation emissions depend on regional conditions, 

management practices (fertilizer inputs, straw application, irrigation), and system type (i.e. 

irrigation or rain-fed), which is not reported at the national level (Peng et al., 2016). Top-down 

inventory estimates can vary in part because coal, rice cultivation and livestock areas often 

overlap within the spatial resolution used for developing top-down inventories estimates, 

especially in China, and emissions in these regions may be attributed to different sectors in 

various studies (Worden et al., 2022). Freshwater aquaculture in China is typically co-located 

with or converted from rice paddies, or flooded areas used for rice production (Sheng et al., 

2021). The top-down inventory with the highest emissions from rice cultivation, Worden et al. 

(2022), might be higher than other top-down estimates for several reasons. First, it uses 

EDGARv4.3 gridded data as its prior estimate, which has higher emission factors for rice 

cultivation. Other top-down estimates included in Figure 3.6 use nationally reported emissions 

data as the prior estimate, except for Miller et al. (2019), which also uses EDGAR, but v4.3.2. 

Miller et al. (2019) and Worden et al. (2022) have similar total emissions estimates, but vary in 

the sectoral breakdown, as Miller et al. (2019) reports higher coal emissions, and Worden et al. 

(2022) reports higher emissions from rice cultivation. The co-location of coal mines, 

aquaculture, and rice paddies, often within the same areas in China, can potentially lead to the 

same areas being attributed to different sectors in different analyses.  
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Figure 3.6: Methane Emissions from Rice Cultivation. GAINS estimates are only included for 

China, because data is not available for the U.S. The error bar for the U.S. is the EPA 

developed uncertainty range for rice cultivation methane emissions (-75 - +75%) (EPA, 2022b). 

Many inventories only reported an average of emissions over several years. To represent this 

data, we included a single data point for the latest year included in the average. Triangle-

shaped data points represent top-down data.  

3.4.2 Uncertainty in Livestock Emissions 

Methane emissions from manure management in the U.S. and China are fairly similar, with 

estimates ranging from 1.4-2.5 TgCH4 and 1.3-3.3 TgCH4 in 2014, respectively (Figure 3.7). 

Enteric fermentation emissions have historically been higher in China than in the U.S., with 

inventories ranging from 6.8 to 10.8 TgCH4 and 5.7 to 6.6 TgCH4 in 2014, respectively (Figure 

3.8). In recent years, some inventories estimate that China’s enteric fermentation emissions are 

similar to the U.S., with both countries estimating around 7 TgCH4. 

Inventory estimates for livestock emissions are within the U.S. uncertainty range, with one 

outlier, FAO, estimating lower methane emissions. Otherwise, there is fairly consistent 

agreement across inventories that manure management emissions have been increasing since 

1990, and that enteric fermentation emissions have remained overall relatively stable, with 

some variation over time. Bottom-up models may underestimate emissions from livestock in the 

U.S. due to the increased intensity within concentrated animal feeding operations (CAFOs). 

While the high concentration of livestock in CAFOs also increases the potential for emissions 

efficiency improvements, the increased intensity of air and water pollution and the greater 

consumption of freshwater supplies can result in local environmental degradation (Hayek & 

Miller, 2021). 
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Figure 3.7: Methane Emissions from Manure Management. The error bar for the U.S. is the 

EPA developed uncertainty range for manure management methane emissions (-18 - +20%) 

(EPA, 2022b). 

Figure 3.8: Methane Emissions from Enteric Fermentation. The error bar for the U.S. is the 

EPA developed uncertainty range for enteric fermentation emissions (-11 - +18%) (EPA, 

2022b).  
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Inventories for manure management in China report a range of values and trends. EPA and the 

China NCCC report a significant increase in emissions since 1990 that peaked around 2013, 

then began to trend downward. EDGAR, FAO, and CEDS report a slight increase in emissions 

from manure management between 1990 and 2015, but then estimates level off or trend 

downwards. Variation across inventories is attributed to discrepancies in the measurement of 

manure composition and variations in manure management systems, the duration of manure 

storage, and environmental factors, such as temperature and wind (Hristov et al., 2018). A lack 

of on-farm data for a variety of manure management systems under differing climatic conditions 

as well as a lack of knowledge of the variability of manure characteristics among farms also can 

contribute to differences across inventories (National Academies of Sciences, Engineering, and 

Medicine, 2018). Nationally reported emissions in China may exceed other inventories due to 

differences in emission factors used, as activity data sources are within a 0.1-1% difference of 

one another (Hayek & Miller, 2021). For enteric fermentation, some inventories report an 

increasing trend, while others a declining trend. EPA and CEDS both show an increase in 

fermentation emissions from 1990-2020, though EPA shows a rapid increase, and then 

declining trend. EPA reports that methane emissions increased drastically between 1990 and 

2005, then diminished between 2005 and 2013 before leveling off until 2015, and then 

increased again from 2015 to 2020. These trends are similar to the China NCCC data, which 

EPA uses as a source. FAO, the China NCCC and EDGAR report that emissions decreased 

from 1990-2020. Sources of uncertainty in methane emissions from enteric fermentation include 

disparities in activity data for animal inventories, feed dry matter intake, ingredient and chemical 

composition of the diets, and methane emission factors (Hristov et al., 2018; National 

Academies of Sciences, Engineering, and Medicine, 2018). 

3.5 Methane Emissions from Waste Management 

The waste management sector is a significant source of methane emissions in both the U.S. 

and China, primarily from wastewater and solid waste (which includes landfills). As the world’s 

top two producers of municipal solid waste (MSW) (Nanda & Berruti, 2021), waste emissions 

are a key issue in both countries. 

3.5.1 Uncertainty in Solid Waste Emissions 

Methane emissions from solid waste in the U.S. ranged across inventories from 3.5 to 4.5 

TgCH4 in 2014, within the uncertainty range calculated by the EPA (Figure 3.9). Most 

inventories agree that methane emissions from solid waste in the U.S. have decreased 

significantly between 1990 and 2020. According to the EPA annual report, the downward trend 

in emissions coincided with increased recycling and composting practices in MSW since 1990, 

and an increase in the amount of landfill gas collected. Collected landfill gas increased from 

1990 to 2020, from 0.9 to 7.4 TgCH4 for methane recovery, and from 0.7 to 1.1 TgCH4 for 

methane oxidation. And in 2020, the methane recovery and methane oxidation account for 57% 

and 8% of total landfills methane generation, respectively (EPA, 2022b). 
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In China, methane emissions from solid waste management in 2014 range from 2.8 to 6.3 

TgCH4 (Figure 3.9). Emissions have increased significantly between 1990 and 2020, which can 

possibly be attributed to China’s rapid economic growth and urbanization process (Cai et al., 

2018), though inventories vary in the rate of increase. The China NCCC data shows significant 

growth between 2012 and 2014, while other inventories show a more moderate increase in the 

near-term.  

In solid waste, there are large spatial and temporal variabilities among landfills and 

disagreements in literature regarding assumptions in the IPCC 2006 methodology for estimating 

emissions from landfills. These include assuming a robust relationship between the total mass 

of landfilled waste and annual methane emissions and that methane generation from a given 

mass of waste peaks in the year of disposal and declines exponentially thereafter (National 

Academies of Sciences, Engineering, and Medicine, 2018; Spokas et al., 2015). Both of these 

assumptions have been called into question by some recent literature, which finds that there is 

no statistically significant relationship between climate, site age, or status (open/closed) for 

landfill biogas recovery in the United States (Spokas et al., 2015). In the U.S., implementing a 

field-validated, process-based model to supplement the EPA Greenhouse Gas Reporting 

Program and updating IPCC methodologies to better reflect the site-specific drivers of methane 

emissions from landfills, such as cover soils and the extent of biogas recovery, can help 

increase confidence in solid waste emission estimates (National Academies of Sciences, 

Engineering, and Medicine, 2018).  

Figure 3.9: Methane Emissions from Solid Waste. GAINS estimates are only included for 

China, because data is not available for the U.S. The error bar for the U.S. is the EPA 

developed uncertainty range for solid waste methane emissions (-23 - +22%) (EPA, 2022b).  
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3.5.2 Uncertainty in Wastewater Emissions 

Methane emissions from wastewater management in 2014 in the U.S. ranged across 

inventories from 0.6 to 1.0 TgCH4 (Figure 3.10), exceeding the EPA-developed uncertainty 

estimate. All inventories report roughly similar estimates in 1990, but diverge over time. CEDS 

and EDGAR report a positive trend in methane emissions from wastewater, with CEDS showing 

more fluctuation than EDGAR. Peng et al. (2016) suggests that EDGAR adopted a higher 

methane correction factor or a higher chemical oxygen demand for wastewater treatment plants, 

partially explaining the higher reported values for wastewater methane emissions in EDGAR 

(Peng et al., 2016). CEDS, which uses EDGAR and U.S. GHGI data to develop solid waste and 

wastewater estimates, reports higher emissions because of a higher ratio of emissions from 

wastewater than solid waste in EDGAR than in the U.S. GHGI. EPA and the U.S. GHGI report a 

slight negative trend between 1990 and 2019.  

In China, emissions range from 2.7 to 9.1 TgCH4 in 2014 (Figure 3.10). There is considerable 

disagreement among inventories regarding the trend of methane emissions from wastewater in 

China before 2010. EDGAR, CEDS, and GAINS present a mostly positive trend between 1990 

and 2020, although there is a difference between the magnitude of the reported emissions in 

EDGAR and CEDS compared to GAINS, EPA, and the China NCCC in 2014 (~3 TgCH4). The 

China NCCC and EPA estimate overall emissions decline between 1990 and 2020, but begin 

increasing after 2005 or 2010. The increase in emissions from wastewater in China after 

2005/2010 is due to a substantial increase in the number of wastewater treatment plants 

(WWTPs) as urbanization increased (Zhao et al., 2019). Between 2001-2014, the amount of 

treated municipal wastewater increased 10.3 times in China (Zhao et al., 2019). 

Notably, methane emissions from wastewater in China are considerably greater than in the U.S. 

A scarcity of data for wastewater treatment, as well as the use of default emission factors in 

most inventories that do not account for regional variations and situational differences, 

contribute to uncertainty in China (Du et al., 2018). Default IPCC emission factors have also 

changed significantly over time, impacting inventory estimates (Wang et al., 2022a). 

Assumptions regarding the length of sewers, wastewater temperature due to seasonality, and 

nitrite concentrations in wastewater may also significantly impact methane modeling from 

wastewater treatment (Zhao et al., 2019). Emissions can also be impacted by pH, retention 

times, and phosphorus ratios (Wang et al., 2022a). Estimates may also vary in scope, as to 

whether or not they include both industrial and domestic/municipal wastewater treatment plants 

(Wang et al., 2022a).  
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Figure 3.10: Methane Emissions from Wastewater. GAINS estimates are only included for 

China, because data is not available for the U.S. The error bar for the U.S. is the EPA 

developed uncertainty range for wastewater methane emissions (-35 - +23%). 

 

3.6 Spatial Distribution of Methane Emissions 

As discussed in previous sections, methane emissions vary spatially and temporally. 

Understanding the distribution of methane emissions is important for developing accurate 

historical estimates, as well as informing future policy development. Methane emissions are also 

dependent on a number of highly local characteristics, such as the flooding rate of rice paddies 

and the content and depth of coal mines. Incomplete spatial distribution information, such as a 

lack of emissions hotspots and/or heightened emissions in certain areas, can mislead or bias 

mitigation efforts (Lin et al., 2021). Comparing geospatial differences in inventory estimates of 

methane emissions enables us to visualize and compare the characteristics of various methane 

source sectors (Gong & Shi, 2021). In this section, we compare several available gridded 

emissions datasets for a spatial analysis of methane emissions. We compared total emissions, 

total agricultural emissions, total waste treatment emissions, and total energy emissions 

between EDGARv6.0, CEDSv_2021_04_21, and GAINS (ECLIPSE V6b) (Crippa et al., 2021; 

Hoesly et al., 2018; Höglund-Isaksson et al., 2020). More detailed geospatial analysis is also 

available in a policy brief that evaluates the spatial distribution of methane across provinces and 

states. Please see the Policy Brief for additional information. 
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In both China and the U.S., the top ten emitting major states or provinces hotspots for emissions 

were largely major agricultural regions, energy producing regions, and/or highly populated urban 

areas (Figure 3.11). In the U.S., there is significant variation in magnitude of emissions across 

states. In Texas and North Dakota, the first and second highest emitting states, emissions are 

40-80% higher than the third-largest emitting state, California. The remaining top 10 states all 

emit <~1 TgCH4. In China, most of the high emitting provinces (>19 TgCH4) were mainly located 

in the north, central, east, and southwest of China. All inventories agree that the highest emitting 

province, Shanxi Province, has significantly higher emissions than other provinces, and that 

emissions from Shanxi range from 31-36% higher than emissions in the second highest emitting 

province.  

These high emitting states or provinces can have a significant impact on national total 

emissions. Total emissions in Texas and North Dakota, 3.7-7.3 and 2.1-3.5 TgCH4, respectively, 

contribute to about 18% and 9% of total U.S. methane emissions. In China, the top 10 emitting 

provinces were responsible for over 56% of the country’s total methane emissions across all 

three inventories. Shanxi Province’s total emissions are 5.9-9.2 TgCH4, accounting for more 

than 10% of China's total emissions. All three of these high emitting regions are energy 

producing hubs, with 60-74%, 90-95%, and 89-93% of emissions in Texas, North Dakota and 

Shanxi Province coming from the energy sector, respectively. Both Texas and North Dakota are 

high-ranking energy production states, especially for oil and gas production, with Texas being 

the top crude oil and gas producing state and North Dakota ranking second in the nation, after 

Texas, in crude oil reserves and third, after Texas and New Mexico, in crude oil production (EIA, 

2022a). Shanxi Province is the largest coal producer in China and its economy highly depends 

on the fossil fuel industry (Song et al., 2020; Wang et al., 2022b). For high emitting provinces in 

the North of China (such as Heilongjiang, Hebei,  Shandong, etc.), energy emissions account 

for more than 50% of the total emissions. Both the U.S. and China’s spatial distribution of total 

methane emissions correlates well with the spatial distribution of emissions from energy 

activities, indicating that energy is an important source of emissions in northern China (see the 

Policy Brief on Geospatial Analysis of Methane Emissions). These high emitting states and 

provinces present a policy opportunity for targeted, regional methane mitigation approaches in 

the energy sector.  

Variations across inventories largely stemmed from differences in emission factors, underlying 

geospatial information and year of data. In the U.S., the magnitude of emissions in Texas and 

North Dakota vary significantly, with GAINS reporting almost twice as much emissions in Texas 

as CEDS or EDGAR. Additionally, energy emissions in California are much higher in GAINS 

than in EDGAR and CEDS, leading to higher overall emissions estimates in California. In China, 

all inventories agreed on the highest emitting province, Shanxi Province, but the second and 

third highest emitters varied. Two inventories, CEDS and EDGAR, ranked Shandong and 

Henan the second and third largest emitters, while another ranked Henan second, Inner 

Mongolia third, and Shandong fifth. This variation among top-emitters across inventories is 

potentially due to the similar level of emissions across the remaining 9 of the top 10 emitters, as 

they are all hovering around 3-2.3 TgCH4. It also could be due to the low energy emissions 

estimate for Shandong in GAINS inventory. GAINS energy emissions estimates for Shanxi are 

much lower than EDGAR and CEDS, about 62-152% less, which may be due to different data 
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sources used for coal mine infrastructure. EDGAR also reports higher emissions across the 

remaining 9 highest emitting provinces than the other two inventories. These results suggest 

that other provinces also play a significant role in national methane emissions, and that 

mitigation policies should be implemented in these provinces as well as in Shanxi. To better 

understand methane emissions distribution across sectors and regions, future research can dive 

into the underlying data and inventory methodologies to investigate uncertainties across 

inventories and inform inventory and policy development.   

 

Figure 3.11: Agriculture, Energy and Waste Methane Emissions in the U.S. and China Top 

10 Emitting States/Provinces Across Inventories. We selected the top 10 provinces or states 

in terms of total emissions for each inventory. The charts only include emissions from energy, 

agriculture and waste, as other data is not available. GAINS data is from 2020 and CEDS and 

EDGAR data is from 2018. GAINS 2020 data is projected, not historical.  
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3.7 Measurement Improvements 

To reduce uncertainty, research needs to use locally optimized emission factors, technology 

and operational data, and geospatial infrastructure data, and make data publicly available for 

comparison (Lin et al., 2021). China has a GHG reporting program scheduled for a trial run in 

2023, which may increase monitoring of emissions sources and data availability (Xu & Stanway, 

2022). Reducing uncertainty in coal emissions, a major source of national emissions in China, is 

particularly important. Measurements of the amount of methane released during coal mining 

operations and from abandoned coal mines is key to improving estimates. In the U.S., for 

example, methane data is collected quarterly by the U.S. Mine Safety and Health Administration 

(DOL, 2021) to assure compliance with safety regulations. The highest emitting mines are also 

required to report quarterly emissions from ventilation systems directly to EPA’s GHG reporting 

program. Methane captured for energy production is subtracted from these data to determine 

net emissions. Overall, the U.S. EPA estimates that its estimates of coal mine emissions are 

accurate to within -9%/+17% in 2020 (EPA 2022a). In China, the State Administration of Coal 

Mine Safety collects coal mining methane emissions from underground mining facilities (Sheng 

et al., 2019), but we were only able to identify a source that used this data from 2011. This 

points to the need for publicly available mine-specific data on methane ventilation and utilization 

rates for more accurate emission estimates, especially since emissions can vary across coal 

mines due to variations in the depth and content of coal mines. In addition to active mines, 

better data is needed in most countries for AMM emissions (Gao et al., 2020), which are not 

included in the existing safety monitoring programs in the U.S. and China.  

Landfill emissions depend on detailed site conditions and history, so these must be taken into 

account for accurate estimates. In the United States, about 90% of landfills are now required to 

report their methane emissions to EPA using site-specific parameters, with additional reporting 

requirements for landfills with gas collection and control systems (which are used for a 

combination of safety, air pollution, odor control, and energy recovery purposes). Even with site-

specific estimates for most emissions, EPA estimates overall uncertainty of municipal solid 

waste landfill emissions in 2020 to be -22%/+31% (EPA 2022a).  

As discussed earlier, there is a large range in emission estimates from oil and gas systems. 

Fugitive methane emissions have been found to be “fat tailed,” and a relatively small proportion 

of sites may contribute a large portion of emissions (Brandt et al., 2016; Irakulis-Loitxate et al., 

2021). This means that relying on average parameters to estimate emissions can result in 

substantial emission underestimates. Emissions for production operations can be intermittent, 

posing additional challenges for estimation. Site-specific measurements focusing on the largest 

sources are needed for accurate estimation. Some inventories use the Tier 1 approach from 

IPCC, which is based on North American data that may not correspond to other regions (IPCC, 

2021). Default IPCC emission factors may not adequately reflect different emission control 

technologies (Lamb et al., 2015; Collins et al., 2022; Gao et al., 2022) or temporal variability 

(Lavoie et al., 2017; Weller et al., 2020). Frequent measurement of emissions from oil and gas 

facilities is required to develop regional emission factors that reflect the variation of emissions 

across facilities and time. Additionally, evolving satellite capabilities (Jacob et al., 2022) may 

play a central role in better tracking of methane emissions from oil and gas production. 

https://www.zotero.org/google-docs/?Ou4Rmb
https://www.zotero.org/google-docs/?StyvJ2
https://www.zotero.org/google-docs/?StyvJ2
https://www.zotero.org/google-docs/?08QU1R
https://www.zotero.org/google-docs/?1mEXof
https://www.zotero.org/google-docs/?G7iWnq
https://www.zotero.org/google-docs/?G7iWnq
https://www.ipcc-nggip.iges.or.jp/public/gp/chinese/gpgaum_cn.html
https://www.ipcc-nggip.iges.or.jp/public/gp/chinese/gpgaum_cn.html
https://pubs.acs.org/doi/full/10.1021/es505116p
https://opg.optica.org/oe/fulltext.cfm?uri=oe-30-14-24326&id=477126
https://www.sciencedirect.com/science/article/pii/S0048969721061544
https://pubs.acs.org/doi/full/10.1021/acs.est.0c00437
https://www.zotero.org/google-docs/?R0OcY5
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Chapter 4 Mitigation Potential 

In addition to understanding current emissions and historical trends, evaluating methane 

mitigation potential and future pathways for emissions reduction is needed to inform policy 

making. Existing multi-model comparisons have included projected methane emissions data, 

including the IPCC’s Sixth Assessment Report (AR6). Based on results from six models in the 

AR6 database with 1.5 °C consistent scenarios, assuming current policies have been 

implemented through 2020 and a global carbon budget of 400 GtCO2e, methane emissions in 

China and the U.S. would reduce by a median of 57% and 42% by 2030 and 74% and 63% by 

2050, respectively, compared to modeled 2020 levels (Figure 4.1). However, these studies are 

based on global models, often with older base-years and inventory dates, and may not reflect 

recent policy developments, as well as other country-specific technology conditions. Localized 

and updated cost data is needed to better inform the analysis of mitigation pathways. Also, 

these scenarios were not evaluated specifically in the context of methane mitigation and might 

not completely capture regional pathways. To better understand future methane emission trends 

across sectors, we conducted a multi-model study to further assess methane emissions 

reduction in China under carbon neutrality pathways and surveyed the literature to better 

understand methane mitigation in the U.S. under net-zero pathways. 

 

 

 
@Image by Hands off my tags! Michael Gaida from Pixabay 
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Figure 4.1: (A) Total Methane Emissions and (B) Percent Emissions Reduction Compared 

to 2020 from IPCC’s Sixth Assessment Report (AR6) 1.5 °C Scenarios. Models include: 

Asia-Pacific Integrated Model/Computable General Equilibrium 2.2 (AIM/CGE 2.2), COmputable 

Framework for Energy and the Environment 1.1 (COFFEE 1.1), Model for Energy Supply 

Systems and their General Environmental Impact-Global Biosphere Management Model 1.1 

(MESSAGEIX-GLOBIOM_1.1), POLES ENGAGE, Regional Model of Investment and 

Development-Model of Agricultural Production and its Impacts on the Environment MAgPIE2.1-

4.2 (REMIND-MAgPIE2.1-4.2), and World Induced Technical Change Hybrid 5.0 (WITCH 5.0). 

The line within the box indicates the median, the outer edges of the box represent the first and 

third quartiles, the lines extending from the box are largest or smallest observation that is less 

than or equal to the outer edges of the box + 1.5* the interquartile range, and outliers are 

represented with a dot. Scenarios from AR6 return warming to 1.5°C (>50%) after a high 

overshoot.  
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4.1 Methane Mitigation Across Sectors in China in Carbon 

Neutrality Scenarios 

Four modeling teams participated in this analysis and submitted results from the same scenario 

to improve comparability of results. Scenarios used in this report have CO2 emissions peak 

around 2025 and reach net-zero CO2 by 2050 and net-zero GHG by 2060, based on China’s 

NDC and long-term strategy targets. Given that the scenario is defined by a CO2 and total GHG 

pathway, models vary in both methane peaking and net-zero time frame. Both Lawrence 

Berkeley National Laboratory (LBNL) Methane Model and Model for Energy Supply Systems 

and their General Environmental Impact-China (MESSAGEix-China) have peak methane 

emissions in 2020, Global Change Analysis Model-China (GCAM-China) in 2025, and Asia-

Pacific Integrated Model-China (AIM-China) in 2030. Both MESSAGEix-China and GCAM-

China see rapid decline in emissions between 2025-2030, while LBNL Methane Model 

demonstrates the fastest decline between 2020-2025, and AIM-China between 2035-2040 

(Figure 4.2). Models show varying rates of reduction over time: by 2030, methane emissions are 

reduced 31-56%4 from 2020; and by 2050, 46-66%5 from 2020. In the base-year, there is 

reasonable agreement among most of the models. Differences may be explained by different 

calibration sources and calibration data year. By 2050, models have reasonably consistent 

projections on remaining methane emissions (16-28 TgCH4) (Figure 4.2).  

Across sectors, models show relatively high agreement for energy (44-54%) and agriculture 

share (30-40%) but vary most significantly for waste (7-22%) in 2020, highlighting increased 

uncertainty in current emissions in this sector. Differences across models stem from differences 

in methodological approaches (see Box 4.1). LBNL Methane Model, AIM-China, and GCAM-

China have similar total emissions estimates, but vary in the make-up of emissions by sector, 

with AIM-China reporting higher Agriculture, Forestry and Other Land Use (AFOLU) and energy 

and less waste emissions, while GCAM-China and LBNL Methane Model have similar energy 

emissions but vary in the waste and agriculture breakdown. MESSAGEix-China shows higher 

emissions in all sectors than other models. Most models' emissions reduction is largely driven 

by reductions in emissions from coal (Figure 4.2), especially in the near-term, as it accounts for 

a median of 81% and 60% of total emissions reduction by 2030 and 2050, respectively (Table 

4.1). In 2050, rice cultivation, enteric fermentation, and oil and gas each contribute to about 7% 

of total emissions reduction. Models have different mitigation potential data, and model behavior 

is driven by both activity data and technology change assumptions, especially in the agriculture 

and waste sectors. To better understand projected methane emissions reduction across 

models, mitigation potential assumptions will be further explored in following sections.  

 
4

 Range does not include one model, AIM-China, that sees a 5% reduction in emissions by 2030. 

5
 Range does not include one model, MESSAGEix-China, that sees a 78% reduction by 2050.  
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Figure 4.2: Projected Total Methane Emissions in China in Carbon Neutrality Scenarios. 

Inventory range for emissions includes estimates from all inventories included in Chapter 3. 

Model range indicates pathways of methane emissions in China across models used in this 

study.  

 

Table 4.1: 2030 Methane Emissions Reductions by Sector in China, Relative to 2020 

Levels, in Carbon Neutrality Scenarios (Median Values Across Models, Unit: TgCH4) 

Sector 2030 2050 

Total Methane -19 -32 

Coal -14 -20 

Oil and Natural Gas -0.6 -3.2 

Rice -1.3 -2.7 

Enteric Fermentation +0.1 -2.5 

Manure Management -0.3 -0.9 

Wastewater +0.4 +0.2 

Solid Waste -0.9 -1.5 
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Box 4.1 How Non-CO2s Are Modeled 

Different approaches to modeling non-CO2 GHGs are adopted across participating models. All 

models consider mitigation potential. The LBNL Methane Model calculates methane emissions 

using activity drivers for individual sectoral sources, multiplied by source-specific emission 

factors. For projections, emissions are calculated by multiplying activity data, emission factor, 

and reduction potential for specific non-CO2 mitigation measures. Reduction potential is based 

on Marginal Abatement Cost (MAC) Curve assumptions (Lin et al., 2022). Reductions in GCAM-

China are also driven by MAC curves, based on U.S. Environmental Protection Agency 

technology and region-specific MAC Curves (EPA, 2019c). Modeled emissions are a function of 

activity level and MAC emissions reduction potential. In the MESSAGEix-China model 

abatement potential in the energy sector is based on abatement assumptions from GAINS. In 

the agriculture sector, mitigation assumptions are from the Global Biosphere Management 

Model (GLOBIOM) (IIASA, 2022). For AIM-China, model projections are based on exogenous 

technology costs, which informs model choices. 

Box 4.2 Base-year Differences Across Models 

Base-year (2015, for all models) differences across models, as shown in Figure 4.2, are likely 

due to a number of differences in methodology across models, including activity data and 

emission factor source. As outlined in the previous chapter, there is a great deal of variation in 

historical methane emission estimates, so modeling discrepancies in the base-year can largely 

be attributed to differences in calibration sources and modeling methods. GCAM-China and 

MESSAGEix-China are calibrated to historical non-CO2 emissions inventory data, and implied 

emission factors are calculated based on calibrated emissions and activity data. GCAM-China is 

calibrated to CEDS for all emissions sources except agriculture waste burning, forest fires, and 

deforestation, which use Global Fire Emissions Database (GFED) Land Use Land Cover 

(LULC) from Coupled Model Intercomparison Project 6 (CMIP6). CEDS is based on 

EDGARv5.0 for all sectors except agriculture, which instead uses FAO data. MESSAGEix-

China is calibrated to EPA for most sectors, and FAO data for the agriculture sector. 

MESSAGEix-China calibration is based on inventory versions from before 2015, so base-year 

and inventory data may differ. LBNL Methane Model and AIM-China calculate methane 

emissions by multiplying activity data and source-specific emission factors. LBNL model-

calculated results for 2014 are consistent with China’s national GHG inventory reported by 

sector for that same year, with adjustments made to the model calculation method if needed. 

Model differences in the base-year can impact modeling projections in the near-term and over 

the long-term trend. Variation in base-year and underlying inventory heightens uncertainty about 

near-term emissions in 2030, a key year for global climate ambition as outlined by the Paris 

Agreement and the Global Methane Pledge. Additionally, base-year variations across models 

can be so significant that it is difficult to identify a consistent long-term trend or coherent policy 

narrative. Increasing confidence in inventory assumptions and emission factors for historical 

emissions is critical for developing methane mitigation pathways.  

https://www.zotero.org/google-docs/?hKDWvl
https://www.zotero.org/google-docs/?IHlc8R
http://www.globiom.org/
http://www.globiom.org/
https://www.zotero.org/google-docs/?X4XykB
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4.2 Methane Mitigation from Energy Activities in China 

4.2.1 Methane Mitigation from Coal Production 

Coal is a major source of methane emissions in the base-year in China, and is therefore a large 

source of potential methane mitigation. There’s high-level agreement in base-year emissions 

across three out of the four models, with emissions between 20.3-20.6 TgCH4, which is 

consistent with the range of inventories included in chapter 3. There’s also reasonable 

agreement across all four models on production base-year values (2505-2715 Mtce). Base-year 

emissions in the MESSAGEix-China model are calibrated to the EPA inventory, which is on the 

higher end of the inventory range for coal mining emissions. There is also some variation in the 

trend of coal production between 2015-2020 across models, with AIM-China and LBNL Methane 

Model projecting production peaking in 2020, and GCAM-China and MESSAGEix-China in 

2015. Given that the nationally reported statistics document increasing emissions through 2020, 

models may be overestimating near-term reduction in coal emissions and production. By 2030, 

most models see a 72-82% reduction in coal emissions compared to 2020, except one model, 

AIM-China, which sees only an 18% decrease. By 2050, all models foresee coal emissions 

reductions of 93-100% from 2020 (Figure 4.3). Emissions across all models eventually reach 

<1.4 TgCH4 in 2050.  

Implied emission factors were calculated using activity data and emissions projections for 

models (Figure 4.4) to compare the impact of activity level and technology changes on 

emissions reduction over time. Near-term mitigation is driven by technology changes in most 

models, but activity level becomes an increasingly larger driver over time. By 2050, activity data 

is the primary driver for emissions reduction in coal production. While all models see coal 

production as a major source of emissions reduction potential and are fairly aligned on 

magnitude of emissions reduction in the coal sector, models may be overestimating potential, 

especially in the near-term, as three models do not consider AMM. While helpful for 

understanding how two factors may be contributing to assumptions across models, 

understanding mitigation in policy and real-world context is critical for informing policy-making. 
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Figure 4.3: China Coal Mining Methane Emissions and Coal Production in Carbon 

Neutrality Scenarios. Inventory range for emissions includes estimates from all inventories 

included in section 3. Units of panels are different, with emissions on the left (TgCH4) and 

production (Mtce) on the right. Historical production data was collected from the 2021 Chinese 

Energy Statistical Yearbook (CESY) (NBS, 2021).  

 

Figure 4.4: Contributions of Activity Level and Technology Change to Methane 

Emissions Reduction in the Coal Mining Sector in Carbon Neutrality Scenarios. For 

MESSAGEix-China, 2045 data is used instead of 2050, since emissions and production is 0 in 

2050.  

  

https://www.zotero.org/google-docs/?vEW1h1
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4.2.2 Methane Mitigation from the Oil and Gas Sector 

Oil and gas production is not as large a source of current methane emissions in China as coal, 

but results from prior inventory analysis suggests there are high levels of uncertainty in oil and 

gas methane emissions in China and that emissions have been increasing, potentially making 

oil and gas methane emissions a more important sector for mitigation in the future. Differences 

across base-year model emission estimates range from 2-6 TgCH4 in 2015 (Figure 4.5), with 

one model exceeding the inventory range. These differences are likely caused by different 

emission factors or inventory data used for base-year calibration by models.  

Figure 4.5: China Oil and Gas Methane Emissions in Carbon Neutrality Scenarios. 

Inventory range for emissions includes estimates from all inventories included in Chapter 3. 

Historical production data was collected from the 2021 Chinese Energy Statistical Yearbook 

(CESY) (NBS, 2021).  

Looking at natural gas production and emissions separately, we can better understand some of 

the differences across models. While gas production in the base-year has reasonable 

agreement across models, projections about production after 2015 vary significantly. Long-term 

trends for most models are consistent – peaking in 2015 or 2025, followed by significant 

reductions in production and emissions, so that emissions are less than 2.5 TgCH4 in 2050 

(Figure 4.6). Emissions in GCAM-China declines between 2015-2020, potentially accounting for 

COVID impacts on production and economy. While GCAM-China, AIM-China and MESSAGEix-

China all demonstrate increasing emissions from 2015 to 2025, the projected increase in 

production from 2015-2025 varies between models, from a ~35 Mtce to a ~250 Mtce increase, 

with one model, MESSAGEix-China, almost doubling 2015 production estimates by 2025. Most 

models project a decline in gas production by 2040, suggesting that the modeled rapid increase 

in natural gas by 2025 may serve to replace coal during a near-term phase-down of coal in 

compliance with the NDC target. AIM-China shows less production decline after 2025 than other 

models, as gas production peaks in 2035, declines somewhat after 2035, but remains around 

https://www.zotero.org/google-docs/?WzKASG
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260 Mtce in 2060, while other models estimate production will be approximately less than 50 

Mtce. Differences in model projections for gas production highlight the uncertainty of the role 

natural gas will play to meet carbon neutrality goals in China. Nationally reported gas production 

data shows increasing production from 2015-2020 (NBS, 2021), suggesting near-term growth of 

gas production and corresponding emissions in China is likely.  

For oil production, we see fairly consistent base-year production estimates across models, but a 

wide range of emissions in 2015 (0.1-4 TgCH4) (Figure 4.7). All models show a similar long-term 

trend, with a 2025 or 2020 peak and near-zero emissions (<1 TgCH4), in 2050 and similar 2015 

oil production estimates, which range from 280-335 Mtce. The emission range in the base-year 

across models for oil emissions is relatively higher than oil production, suggesting that model 

variation in oil emissions may stem from different emission factors used across models, not from 

differences in projections about oil production behavior. 

 

Figure 4.6: China Gas Methane Emissions and Gas Production in Carbon Neutrality 

Scenarios. Inventory range for emissions includes estimates from all inventories included in 

section 3. Units of panels are different, with emissions on the left (TgCH4) and production (Mtce) 

on the right. Historical production data was collected from the 2021 Chinese Energy Statistical 

Yearbook (CESY) (NBS, 2021).  

https://www.zotero.org/google-docs/?kUGOb0
https://www.zotero.org/google-docs/?XyEm3M
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Figure 4.7: China Oil Methane Emissions and Oil Production in Carbon Neutrality 

Scenarios. Inventory range for emissions includes estimates from all inventories included in 

Chapter 3. Units of panels are different, with emissions on the left (TgCH4) and production 

(Mtce) on the right. Historical production data was collected from the 2021 Chinese Energy 

Statistical Yearbook (CESY) (NBS, 2021).  

Implied emission factors were calculated using activity data and emissions projections for 

models (Figure 4.8) to compare the impact of activity data and technology changes on 

emissions reduction over time. For oil, most models project that activity level reductions will play 

an important role in emissions reduction by 2050, but the magnitude of emissions reduction and 

technology change contribution varies across models. Both GCAM-China and MESSAGEix-

China show moderate emissions reductions, with contribution from both activity level and 

technology change. AIM-China foresees significant reductions in emissions almost entirely from 

activity level but has a significantly higher 2020 emissions starting point than the other models. 

All models have similar 2050 emissions, so this may not represent differences in mitigation 

potential, as much as uncertainty in base-year emissions.  

Gas production activity level and technology change capability are both highly uncertain, 

especially in China, as gas production may play an increasingly important role as other fossil 

fuels, such as coal, are phased out rapidly (Figure 4.8). But one model, AIM-China, foresees 

technology improvement helping to drive down emissions from gas even while production 

increases, showing technology change as a larger factor in emissions reduction by 2050 than 

activity level decline. Modeled measures that are helping to drive emissions reduction include 

leakage control for mining equipment and sealing technology in gas production. The LBNL 

Methane Model shows declining improvements in gas production technology after 2030 

because emission factors are held constant after 2030, based on the assumption that full 

mitigation technology deployment for gas production occurs by 2030.  

https://www.zotero.org/google-docs/?BnzQix
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Figure 4.8: Contributions of Activity Level and Technology Change to Methane 

Emissions Reduction in Oil and Gas Sector in Carbon Neutrality Scenarios. For AIM-China 

oil, 2045 data is used instead of 2050, since emissions and production are 0 in 2050. The LBNL 

Methane Model assumes very little oil emissions and production in China in 2020, and relatively 

constant production in the future.  
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4.3 Methane Mitigation from Agricultural Activities in China 

4.3.1 Rice Cultivation 

There is a high level of uncertainty in rice cultivation emissions in China (Cheewaphongphan et 

al., 2019), but there is relatively reasonable agreement across three models in base-year 

behavior (~7 TgCH4). All models are on the lower estimate of the inventory range in 2015, 

suggesting that emissions in this sector may be underrepresented. However, the high-end of the 

inventory range may be overestimating emissions, due to higher flooding assumptions and/or 

inclusion of aquaculture emissions used in some inventories. See Chapter 3.4.1 for further 

analysis of the rice cultivation emissions inventory range. 

Most models project emissions peak in 2025, with one model peaking in 2015, followed by a 

fairly rapid decline from peaking year to 2030. AIM-China results demonstrate a slower 

emissions reduction rate from peaking in 2030 to 2045, as the harvested area for rice cultivation 

grows from 2020-2055. The LBNL Methane Model shows a slight decline in harvested area but 

overall a constant amount around ~32 million ha, while GCAM-China demonstrates a more 

dramatic decline in harvested area by 2050 (~6 million ha). The LBNL Methane Model, GCAM-

China, and AIM-China models have similar estimates of base-year harvested area of ~31-4 

million ha. 

Figure 4.9: China Rice Cultivation Methane Emissions and Harvested Rice Area in 

Carbon Neutrality Scenarios. Inventory range for emissions includes estimates from all 

inventories included in section 3. Units of panels are different, with emissions on the left 

(TgCH4) and harvested land area (million ha) on the right. Historical harvested area was 

collected from the FAO (FAOSTAT, 2021a). GCAM-China assumed two harvests on every ha 

used for rice cultivation.  

https://www.zotero.org/google-docs/?nIFarT
https://www.zotero.org/google-docs/?nIFarT
https://www.zotero.org/google-docs/?g7eAVs
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Figure 4.10: Contributions of Activity Level and Technology Change to Methane 

Emissions Reduction in the Rice Cultivation Subsector in Carbon Neutrality Scenarios.  

Mitigation potential results show variation across models in terms of magnitude and mechanism 

of emissions reduction (Figure 4.10). For both AIM-China and LBNL Methane Model, rice 

cultivation emissions reduction is driven more by technology change than activity level. Only 

one model suggests that declining cultivation area will be the primary driver of emissions 

reduction in 2050. Another anticipates increasing cultivation by 2050, with significant emissions 

reduction ( >3 TgCH4) due to improved irrigation technology and agricultural management 

practices. The LBNL Methane Model assumes emissions reduction, activity data and technology 

change remain constant from 2030 to 2050, as full mitigation measures are implemented in 

2030 and activity level does not change. 
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4.3.2 Livestock Emissions 

There is disparity between models and inventory estimates of enteric fermentation emissions in 

the base-year, as two models exceed the inventory range (Figure 4.11). Differences in 

underlying livestock production data may explain some of the differences, as only one model, 

AIM-China, is consistent with the FAO historical data in 2015. Emission factors may also play a 

role, as AIM-China and GCAM-China base-year emission projections are very similar, despite 

differences in production estimates. All models show a near-term emissions increase, from 

2015-2020/2025/2030. There are also varied mitigation assumptions, as two models show more 

rapid reduction from 2020 (AIM-China and MESSAGEix-China decline by 40-45% by 2050), 

while the LBNL Methane Model projects only a 9% reduction in emissions by 2050, and GCAM-

China emissions increase by 9%, though by 2060, emissions begin to decline as livestock 

production declines.  

For manure management, all models are within the inventory range (1.3-3.3 TgCH4), but 

mitigation behavior varies by model (Figure 4.12). Similar to fermentation, MESSAGEix-China 

and AIM-China assume increasing emissions in the near-term followed by rapid reduction. One 

model projects that 80% of emissions will be reduced by 2050 compared to 2020, while 

remaining models only foresee 26-41% of emissions being reduced. The LBNL Methane Model 

demonstrates near-term emission decline, as mitigation measures are implemented through 

2030, while GCAM-China projects limited emissions reduction in the manure management 

sector. 

Figure 4.11: China Enteric Fermentation Methane Emissions and Livestock Production in 

Carbon Neutrality Scenarios. Inventory range for emissions includes estimates from all 

inventories included in Chapter 3. Units of panels are different, with emissions on the left 

(TgCH4) and livestock (Mt) on the right. Livestock production includes duck, chicken, cattle for 

meat, pig, sheep and goat. Historical production data was collected from the FAO (FAOSTAT, 

https://www.zotero.org/google-docs/?1krHSN
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2021a), and was used to separate poultry livestock production for meat and eggs for GCAM-

China. Total livestock production in the LBNL Methane Model does not include poultry. 

 

Figure 4.12: China Manure Management Methane Emissions and Livestock Production in 

Carbon Neutrality Scenarios. Inventory range for emissions includes estimates from all 

inventories included in section 3. Units of panels are different, with emissions on the left 

(TgCH4) and Livestock Production (Mt) on the right. Total livestock production in the LBNL 

Methane Model does not include poultry. 

Figure 4.13: Contributions of Activity Level and Technology Change to Methane 

Emissions Reduction in the Livestock Subsector in Carbon Neutrality Scenarios.   

https://www.zotero.org/google-docs/?1krHSN
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Overall, the livestock sector is more driven by technology change than the energy sector. Both 

LBNL Methane Model and AIM-China show technology change having a significant impact on 

emission reduction for both livestock sectors (Figure 4.13). Most models see an increase in 

livestock production-driven emissions in 2030 from 2020, with both GCAM-China and AIM-

China projecting increasing emissions, while the LBNL Methane Model foresees technology 

change helping to reduce emissions by 2030. By 2050, the LBNL Methane Model foresees no 

emissions change driven by activity level, just technology change for enteric fermentation. In 

manure management, GCAM-China and AIM-China show increasing emissions from increasing 

activity levels, while the LBNL Methane Model foresees no activity-level driven increase in 

emissions.  

One model with significant mitigation potential projected in the livestock sector, AIM-China, 

assumed improved management of livestock, including cattle breeding, cattle feed and animal 

manure management improvements, as well as increased waste utilization in the cattle and pig 

sectors. In the model, the ratio of improved cattle breeding and feeding management increases 

from 10%~25% by 2030 to 85%~100% by 2050. Waste utilization rates in the cattle/pig raising 

process are also assumed to reach 100% by 2050. MESSAGEix-China assumes the adoption 

of non-intensive feeding patterns increases over time, based on socio-development changes, 

reducing methane emissions from both the enteric fermentation and manure management 

subsectors. Both GCAM-China’s and LBNL Methane Models’ underlying Marginal Abatement 

Cost (MAC) curves project limited opportunities for methane emission mitigation in the livestock 

sector.  

4.4 Methane Mitigation from Waste Management in China 

Waste is a significant source of methane emissions in China, making up 12% of nationally 

reported emissions in 2014. Base-year emissions vary across models, ranging from 3.8-13. 6 

TgCH4, with all but one model within the inventory range (Figure 4.14). Post-2015, one model 

foresees increasing emissions, another relatively constant emissions, and the two models with 

the largest base-year estimates (GCAM-China and MESSAGEix-China) foresee relatively 

significant reductions by 2050 – 40% and 66% compared to 2020, respectively.  

Looking at some of the major components of the waste sector, we see agreement among 

models in the base-year in solid waste, with 2015 estimates between 2.8-3.6 TgCH4, and a 

relatively consistent downward trend across models (Figure 4.15). However, the emissions 

reduction potential varies across models, as models demonstrate a range of 34-76% emissions 

reduction by 2050 compared to 2020, with one model projecting fairly constant emissions after 

2025. Two of the three models that reported this variable are within the inventory range, while 

another, AIM-China, is below the estimated range. Differences in the base-year are likely due to 

differences in methodologies across models, as two teams calibrate or confirm results with 

inventory reported values, while AIM-China uses activity data and emission factors to come up 

with their estimate.  

As discussed in the previous chapter, historical estimates in the wastewater sector have very 

high uncertainty (Figure 4.15). Activity data and emission factors vary significantly because of 
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limited data on emissions from wastewater treatment plants. One model, GCAM-China, projects 

significant emission reductions based on EPA MAC curves, which shows significant 

opportunities (~39 MtCO2e) for wastewater mitigation at low cost, including replacing latrines, 

open sewers, and septic tank use with anaerobic WWTPs (EPA, 2019b). The LBNL Methane 

Model also considers open sewer replacement for mitigation potential, but assumes less 

potential from these mitigation measures for China (Lin et al., 2022). Emissions are projected to 

increase in this model, as activity level increases over time, and low-cost mitigation 

opportunities are limited.  

Figure 4.14: China Waste Methane Emissions in Carbon Neutrality Scenarios. Inventory 

range for emissions includes estimates from all inventories included in Chapter 3.  

Figure 4.15: Solid Waste and Wastewater Methane Emissions in China in Carbon 

Neutrality Scenarios. Inventory range for emissions includes estimates from all inventories 

included in section 3. GCAM-China estimates include waste incineration.  

https://www.zotero.org/google-docs/?3OocxV
https://www.zotero.org/google-docs/?udbueO
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4.5 Methane Mitigation in the United States 

Methane emissions currently account for 11% of U.S. GHG emissions (EPA, 2022b). To meet 

the U.S. climate pledge of reaching net-zero GHG emissions by 2050, a significant portion of 

non-CO2 emissions, including methane emissions, need to be reduced, while remaining 

methane and other non-CO2 emissions will need to be offset by negative emissions. The U.S. 

Long-Term Strategy estimates that to reach net-zero greenhouse gas emissions by 2050, U.S. 

methane emissions need to be reduced by 30% by 2030 and up to 40% by 2050, compared to 

2020 levels (U.S. Department of State, 2021). Most emissions reductions come from the energy 

sector, driven by reduction in the use of fossil fuels and improvement in technologies.  

Most recent analysis indicates that with an all-of-society climate strategy from the United States, 

combining actions from the federal government with actions from states, cities, and businesses, 

including the methane fee from IRA, the United States can potentially reduce its methane 

emissions by 9 TgCH4, or more than 30% below 2020 levels by 2030 (Zhao et al., 2022) (Figure 

4.16). Most emissions reductions come from the energy sector, followed by the agriculture 

sector and the waste sector. With robust climate actions, energy sector methane emissions can 

be reduced by 44% between 2020 and 2030. These emissions reductions can be achieved by 

adopting standards on existing and new oil and gas sources, implementing extensive leak 

detection and repair requirements, limiting venting and flaring, and taking actions to reduce 

methane emissions from active and abandoned coal mines. 

 
Figure 4.16: Methane Emissions Reductions by Sector in the United States between 2020 

and 2030 with Federal, State, Local, and Business Actions. Based on the analysis of Zhao 

et al. (2022), comprehensive U.S. actions can lead to significant reductions in methane 

emissions between 2020 and 2030, driven by emissions reductions in the energy and 

agriculture sectors. Note that the U.S. analysis in this figure (Zhao et al., 2022) and the analysis 

of methane mitigation in China shown in previous sections are country-specific and based on 

different modeling analyses and scenarios.  
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4.6 Mitigation Costs and Technology Potential Across Sectors  

Models have varying assumptions about mitigation potential across sectors and adopt different 

modeling methodologies for developing methane emissions projections. In this report, we were 

not able to directly compare the different underlying marginal abatement cost assumptions 

across all models and technologies. To better understand mitigation potential, we evaluated the 

EPA MAC curves in 2030 and 2050 and found that in both the U.S. and China low-cost 

mitigation potential opportunities are primarily in the energy sector (Figure 4.17).  

Energy sector mitigation is a key area for collaboration. The majority of emissions from coal 

mining in China and oil and gas in the U.S. can be reduced by low-cost technologies. 

Additionally, for rice cultivation, coal mining, and livestock production, emissions potential is 

greater in 2030 than 2050 in China. This emphasizes the need for near-term action on methane 

mitigation. 

These estimates for emissions reduction are based on engineering estimates, but real-world 

factors, as well as future research on new mitigation technologies, could impact these results. 

EPA MAC Curves did not make assumptions about policy context in determining mitigation 

potential (EPA, 2019b). In the next chapter, we review policy barriers and opportunities for 

methane mitigation in both countries.  

Figure 4.17: U.S. Environmental Protection Agency (EPA) MAC Curves in 2030 and 2050 

in the U.S. and China (EPA, 2019b). The U.S. EPA MAC curve was used in the GCAM model 

to project emissions reduction potential. 

  

https://www.zotero.org/google-docs/?UrF2Om
https://www.zotero.org/google-docs/?FGP13x
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Chapter 5 Challenges and Opportunities  

5.1 Barriers and Obstacles 

Given existing policy gaps, numerous challenges exist that could halt ambitious actions toward 

methane mitigation in both the U.S. and China. Four key challenges related to techno-economic 

uncertainties, market mechanisms, policy effectiveness, and institutional capacity are identified 

and summarized across the methane emissions sectors. However, both countries and each of 

the sectors may encounter these barriers to varying degrees due to differences in their 

development stages and level of attention from policymakers. Key issues for each sector in the 

U.S. and China are listed in Table 5.1.  

 

 
@Image by Andrew Martin from Pixabay 
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Table 5.1: Identified Key Issues in the U.S. and China by Sector. 

 U.S. China 

Coal Mine 

● AMM has not been addressed adequately in existing policy frameworks 
● Lack of effective market mechanisms/financial support for low-concentration methane recovery and 

commercialization, specifically for ventilation air methane (VAM) 

● Overlapping licenses between coal mines and CMM/CBM/AMM 
● Inherent physical and geological challenges for CMM/CBM extraction and profitability 

● Lack of federal policies/regulations for methane 
reduction or utilization in the coal mine sector 

● Institutional barriers related to land ownership 
and abandoned coal mine ownership  

● Insufficient/inaccurate techno-economic data for 
inventory, abatement costs and potential 

● Underreporting of CMM data by coal mine 
companies 

● Lack of gas transmission facilities especially for 
medium and small coal mines 

● Existing supporting policies for CMM/CBM are 
not effective enough 

● Strengthened coal demand and uncertain coal 
retirement plans  

Oil & Gas 

● Oil and gas companies are underperforming in addressing methane emissions leaks 
● Institutional barriers related to land or mineral ownership 
● Methane emissions from orphan wells are understated in the existing policy framework 

● Emissions from this sector appear to be 
underreported  

● Small wells have not yet been fully covered by 
current regulations 

● Small or less well-financed companies may not 
be able to afford to plug abandoned wells or use 
other costly methane abatement methods. 

● Ineffective policy implementation of Bureau of 
Land Management (BLM) waste prevention 
regulations - BLM never implemented the gas 
capture requirement due to legal challenges 
(GAO, 2022) 

● Inflexibility of EPA regulations for approving 
alternative technologies(GAO, 2022) 

● The Federal Energy Regulatory Commission 
(FERC) has no specific plans to address 
pipeline leakage (Daly, 2022). 

● Concerns about encouraging oil and gas 
production due to the new leasing 
arrangements for wind power in the IRA 

● Insufficient techno-economic data for inventory, 
abatement costs and potential 

● Inadequate regulations for oil and gas methane 
emissions 

● No official methane mitigation targets at the 
national level 

● Some technological options are not cost-
effective, requiring more capital 
investment/financial support 

Landfills 

● Inadequate regulations for direct methane emissions reduction in this sector rather than biogas 
industrial policies 

● Landfill methane emissions have not attracted 
enough attention from policy makers and 
investors 

● Existing regulations do not cover small landfill 
sites, therefore, only half of the landfills in the 
U.S. have gas recovery systems (RRS, 2021) 

● The smaller landfills (with a capacity of 1k-100k 
tons per year) contribute the majority of 
methane emissions of the sector (RRS, 2021) 

● Other barriers to increased methane recovery at 

● Large uncertainties exist in techno-economic 
data for inventory, abatement costs and 
potential 

● Challenges of scaling up biogas production 
sites and commercialization 

● Landfill gas collection devices are not fully 
deployed in the existing landfill sites.  

● Waste management in rural areas is facing 
challenges in waste collection, sorting and 
transportation 

https://www.gao.gov/assets/gao-22-104759.pdf
https://www.gao.gov/assets/gao-22-104759.pdf
https://www.zotero.org/google-docs/?broken=jzVWpo
https://resource-recycling.com/recycling/2021/07/20/data-corner-digging-into-landfill-methane-recovery/
https://resource-recycling.com/recycling/2021/07/20/data-corner-digging-into-landfill-methane-recovery/
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landfills include informational issues related to 
site potential, permitting issues, financing 
issues, and difficulties in finding energy 
customers 

Wastewater 

● Inadequate methane emissions regulations for wastewater treatment 
● Challenges of commercializing wastewater methane recovery due to high capital cost 

● Methane emissions from wastewater treatment 
facilities are often flared or burned - very little is 
recovered and utilized (Ha et al., 2022). 

● Biogas is not recognized as a renewable energy 
source across all states’ Renewable Portfolio 
Standards (RPS) programs(Ha et al., 2022). 

● Financial and budget hurdles are often high for 
aging WWTPs’ maintenance and operation 
(Seiple et al., 2020) 

● The benefit of methane recovery technologies is 
poorly communicated to the decision-makers 
and the public (Ha et al., 2022) 

● Large uncertainties exist in techno-economic 
data for inventory, abatement costs and 
potential 

● The increased number and capacity of 
municipal wastewater treatment plants 
(WWTPs) in China have driven methane 
emissions (Zhao et al., 2019) 

● Methane emissions are substantial but vary 
greatly depending on regional and technological 
differences (Zhang et al., 2021a) 

● Rural wastewater treatment is still 
underdeveloped and leaves great uncertainties 
in methane mitigation (Xu et al., 2020) 

Manure 

Management 

● Challenges of scaling up anaerobic digesters and commercializing biogas production 

● Biogas is not recognized as a renewable energy 
source across all states’ Renewable Portfolio 
Standards (RPS) programs 

● Inadequate regulations for methane emissions 
reduction in this sector  

● Lack of policies for direct methane emissions 
reduction other than biogas industrial policies 

● Biogas facilities are underused in many rural 
areas despite massive deployment and 
economic incentives 

● Insufficient techno-economic data for inventory, 
abatement costs and potential 

Enteric 

Fermentation 

● Feed additives and manure processing systems can be expensive 
● Less addressed in the existing policy framework and business practices. 

● Innovative solutions are needed to push forward 
the deployment of technological options, such 
as the development of enteric methane 
inhibitors, which need regulatory procedures for 
drugs (Tricarico et al., 2022) 

● Less addressed in the existing policy framework 
and business practices 

● Feed additives and manure processing systems 
can be expensive 

● Huge uncertainties exist in technological and 
governance options  

Rice 

Cultivation 

● Not included in the national policy agenda yet 

● Absent from IRA and overall national strategies ● Methane mitigation in this sector will have 
conflict with the objective of food security 

● Lack of incentives for local policy 
implementation 

● It is a diffuse source which requires effective 
and strong rural governance capacity and 
innovative policy instrument 

● The economic and technological feasibility and 
governance models in this sector are still 
underexplored 

  

https://www.zotero.org/google-docs/?broken=htjtRq
https://www.zotero.org/google-docs/?broken=n44Lfh
https://pubmed.ncbi.nlm.nih.gov/32501239/
https://www.zotero.org/google-docs/?broken=0eVGbm
https://www.researchgate.net/publication/332380480_China's_Urban_Methane_Emissions_From_Municipal_Wastewater_Treatment_Plant
https://wires.onlinelibrary.wiley.com/doi/abs/10.1002/wat2.1529
https://www.researchgate.net/publication/342828344_Towards_the_New_Era_of_Wastewater_Treatment_of_China_Development_History_Current_Status_and_Future_Directions
https://www.sciencedirect.com/science/article/pii/S0022030222003289
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5.1.1 Insufficient Techno-Economic Information  

Compared to CO2 mitigation, techno-economic data on methane mitigation – such as well-

grounded inventory data, reported emissions (e.g., transmission, storage, distribution), and 

technological potential and costs -- are highly inadequate. A large gap remains in the data 

collection process, and there are a lot of uncertainties in terms of data accuracy, especially for 

China. This is important, because data accuracy lays a concrete foundation for policy-making 

and business investment. It can help policymakers assess mitigation opportunities so they can 

design more effective policies (UNECE, 2021).   

Insufficient and inaccurate inventory information. For example, based on various 

inventories, coal mining emissions made up 34%-45% of the total methane emissions in China 

in 2014. The discrepancy of historical emissions data is largely due to their high dependence on 

assumptions and estimates of production activities and emission factors, rather than on real-

time, on-site measurements, which can help obtain more accurate and detailed emissions data 

(UNECE, 2021). For instance, China’s GHG inventory for the oil and gas sector at the company, 

subnational and national levels are all generally calculated based on the emission factors 

provided by the Guidance of GHG Emissions Accounting Methods and Reporting for the Oil and 

Gas Companies in China, in which the estimated emission factors play a determinant role and 

create large uncertainties in the estimation of emissions data (Zhong et al., 2021). More 

importantly, a monitoring and reporting system is largely absent from the agriculture sector.  

The U.S. has better performance on emissions data availability, due to its more established 

mandatory GHG emissions reporting schemes -- the GHGRP – for most of the emissions 

sectors, including coal mines, oil and gas, landfills and wastewater. The U.S. methane inventory 

in the coal mine sector is based on measured data for ventilation emissions, gas drainage 

system emissions, and emission reductions taken at the gassiest underground mines and 

reported to the EPA portal to comply with the GHGRP (UNECE, 2021). China has not yet 

established a systematic monitoring and reporting scheme for methane emissions, even for the 

coal mine sector, which has a relatively comprehensive policy framework regarding methane 

emissions. Coal mine operators only need to report safety-related methane emissions data, 

such as the concentration volume, to the local emergency management agency. Even then, the 

data may not be accurate, because of data underreporting, often done to avoid safety regulation 

penalty and equipment insufficiency or deterioration (Zhang, 2021).  

There are data shortcomings in the U.S. Even with GHGRP, emissions levels are often 

underestimated in some sectors. For example, landfills were found to be the largest methane 

emission sources in California, leaking at rates as high as six times greater than the EPA 

estimation (Groom, 2021; Duren et al., 2019). Similarly, a recent investigation found that 

methane emissions from the oil and gas industry in the U.S. are underreported. Industry actors 

fail to identify and track super-emitting leaks and assess how much the leaks contribute to their 

total methane emissions. In fact, oil and gas companies have internal data showing that 

methane emission rates from the sector may be significantly higher than official data reported to 

the EPA (U.S. House of Representative Committee on Science, 2022).  

https://unece.org/sustainable-energy/publications/best-practice-guidance-effective-management-coal-mine-methane
https://www.zotero.org/google-docs/?R6HE3f
https://www.zotero.org/google-docs/?KXwF87
https://www.zotero.org/google-docs/?bemI8n
https://www.zotero.org/google-docs/?lDu8mN
https://www.reuters.com/business/sustainable-business/methane-menace-aerial-survey-spots-super-emitter-landfills-2021-06-18/
https://www.nature.com/articles/s41586-019-1720-3
https://science.house.gov/staff-reports/seeing-ch4-clearly-science-based-approaches-to-methane-monitoring-in-the-oil-and-gas-sector
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Moreover, both the U.S. and China do not mandate monitoring of emissions from abandoned 

coal mines, helping to create non-negligible uncertainty about emissions data of the coal mine 

sector. Specifically, China has taken the initiative to cut excessive coal production capacity 

since 2016. Numerous medium and small coal mines were closed under this policy. China 

phased out 5,500 coal mines during the 13th Five-Year Plan period (2016-2020) (Ding, 2021), 

but these abandoned mines are seldom addressed for methane emissions reduction.  

Uncertainty of the technological costs and potential. In addition to the inventory and 

projected emissions data, uncertainties remain for the technological costs and abatement 

potential of methane mitigation. First, inherent technical limitations exist for producing the 

marginal abatement cost curves (MAC curves) . For example, transaction costs, such as 

negotiation or regulatory costs, are often not included in the MAC curve studies, yet they can 

significantly increase the unit cost of an abatement project (EPA, 2019b). Consequently, the 

abatement costs of reducing GHG emissions may be underestimated (Mundaca T et al., 2013). 

Second, country-specific data may be controversial and inaccurate without comprehensive 

investigation throughout the emissions sectors (EPA, 2019b). The costs and potential data can 

vary significantly across different studies. Some of the mitigation potentials are not as effective 

as what the models indicate, due to implicit market failures, such as monopoly (e.g., 

monopolized transmission of the recovered CMM can significantly increase the overall 

mitigation costs) and information asymmetry. Third, differences in the physical and geological 

endowments of coal mines (e.g., underground coal mines vs. surface coal mines) across 

countries or regions can also lead to large variations in the mitigation costs. For example, it is 

widely recognized by the coal industry that the uniqueness of CMM/CBM endowments in China 

due to geological movement have limited the technological options for the extraction of 

CMM/CBM. Technologies that are feasible for North America or Australia may not be applicable 

to China (Yang et al., 2021).  

Uncertainty of future activities. The projected activities and associated methane emissions 

also face large uncertainty. As discussed in Chapter 4, sectoral activities, such as coal 

production and solid waste generation, are major drivers of methane emissions, despite the fact 

that emission factors are determined by technological potential. Expanding activities drive up 

methane emissions and hold back mitigation efforts. Therefore, a fundamental solution is to 

slow down the accelerated growth of these activities and eventually turn them into a declining 

trend. For example, phasing down coal production will significantly contribute to methane 

emissions reduction in China. However, the level of these activities and their trends, such as the 

expansion of natural gas production in China, are determined by complex 

socioeconomic/sociopolitical factors and associated policies, which are often hard to predict and 

will inevitably create significant uncertainty in methane emissions.  

5.1.2 Lack of Market-Based Solutions 

Market-based solutions that can incentivize methane mitigation efforts, such as forging market 

mechanisms and developing business models are essential, as they can be highly useful for 

minimizing the social costs of methane emissions. Methane gas can be either a public bad or a 

private good, depending on whether methane emissions can be commercially utilized as energy 

http://www.gov.cn/xinwen/2021-03/04/content_5590094.htm
https://www.zotero.org/google-docs/?CtZC6b
https://www.zotero.org/google-docs/?ncQYpK
https://www.zotero.org/google-docs/?pZZAUk
https://www.zotero.org/google-docs/?PjLoxx
https://www.zotero.org/google-docs/?mePhfq
https://www.zotero.org/google-docs/?9qzsrr
https://www.zotero.org/google-docs/?Z09QMq
https://www.zotero.org/google-docs/?t1lvlm
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or industrial raw material, or traded as carbon assets and liabilities. In the end, it comes down to 

one basic question: Who bears the cost? Economic incentives already exist to turn methane 

emissions into marketable resources. For example, CMM, landfill gas and biogas recovery and 

utilization have long been developed in both the U.S. and China. However, current market 

mechanisms, including carbon offset markets, to harness these incentives are either not fully-

functioning or absent from some of the emission sectors, such as the livestock enteric 

fermentation and rice cultivation sectors in both countries. In addition, market mechanisms to 

prevent methane emissions directly instead of encouraging the usual “emit and recover” actions 

have been underexplored. Both the U.S. and China have seen pitfalls in these mechanisms. 

Generally speaking, well-functioning market mechanisms can: (1) support methane recovery 

and utilization businesses; (2) accelerate innovation and deployment of cost-effective mitigation 

technologies; (3) incentivize direct methane emissions reduction efforts. The basic idea is to 

make methane mitigation economically viable. That requires sustainable financing channels and 

robust supply chains that include developers, equipment manufacturers, service providers (e.g., 

transmission and distribution), material suppliers and customers. Methane recovery and 

utilization is not only about methane production. It needs supporting markets, such as the 

electrical power industry, for utilization (Evans & Roshchanka, 2013).  

Insufficient market mechanisms/business models for less cost-effective technology 

deployment. For example, the recovery and utilization of low-concentration methane, 

particularly ventilation air methane (VAM), with a concentration lower than 0.4%, are 

economically challenging worldwide. But because VAM usually makes up around 70% of total 

CMM emissions, failing to address this will fundamentally impede methane mitigation in the coal 

sector. The lack of market mechanisms to drive down technological costs and improve 

productivity for VAM recovery has been a major challenge for CMM mitigation. Currently, all 

VAM projects worldwide (only 5 projects by 2018) rely on Regenerative Thermal Oxidation 

(RTO) technology. These projects are, in general, highly expensive, and VAM manufacturers 

have few incentives for further Research and Development (R&D) to improve designs and 

reduce costs without confirmed markets (CSIRO & GMI, 2018).  

In China, high concentration CMM/CBM recovery and utilization projects have largely achieved 

commercialization, with subsidies and tax exemptions provided by the government. However, 

low-concentration emissions are struggling with cost-effective recovery methods. Especially in 

recent years, financial support for CMM has decreased due to the reduced subsidies for 

CMM/CBM production and suspension of the Clean Development Mechanism (CDM), which 

was the primary financing mechanism for CMM mitigation in China. There has been a growing 

concern for the business and financial models of VAM recovery and utilization projects. In the 

U.S., VAM projects are benefited by adoption of carbon markets with carbon prices that can 

sustain a VAM project (CSIRO & GMI, 2018). However, as of 2018, only one VAM project - 

Murray Energy’s Marshall County Mine in West Virginia - was successfully operating in the U.S. 

(EPA, 2019a).  

 

http://www.globalmethane.org/expo-docs/canada13/coal_11_Evans_Presentation.pdf
https://www.zotero.org/google-docs/?hZn1uN
https://www.zotero.org/google-docs/?BpDfc1
https://www.zotero.org/google-docs/?Z9lShL
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Business models are seldom explored and less understood in the livestock enteric 

fermentation and rice cultivation sectors. In both the U.S. and China, methane emissions in 

these two sectors are discussed more intensively in academic research (mostly from a scientific 

and technical perspective) rather than in policy processes and business practices. While two 

U.S. carbon markets now cover methane emissions from these sectors, few business models 

exist in China. Moreover, market-based solutions other than carbon markets are still less 

understood compared to other sectors. One of the biggest challenges is the difficulty in 

recovering those methane emissions, because a lot of market incentives come from methane 

gas utilization besides carbon offset markets. Therefore, methane mitigation efforts for 

emissions from livestock enteric fermentation and rice cultivation are solely a form of public 

good provision rather than attainment of private gains. In addition, many of the technological 

options for methane mitigation in these sectors are ex-ante actions, such as changing feed 

additives and rice types to prevent methane emissions from the beginning. Few incentives 

would exist if the ranch owners and farmers are the only ones paying and receiving no rewards 

in return (Searchinger & Waite, 2014; Foster, 2022). There is also a significant challenge for 

increasing financial investments for enteric methane mitigation options, since private firms 

would be investing in mitigation options without clear goals on how and when the investment 

can be monetized, particularly if the options do not have additional economic benefits (Tricarico 

et al., 2022).  

A lack of financing mechanisms poses a greater threat to smaller business actors, who 

may have a larger impact on methane emissions. The costs associated with methane 

mitigation are an extra expense for business owners. Their ability to undertake the cost varies, 

depending on their financial and budget conditions and technological capabilities. Many small 

businesses, such as landfill sites or wastewater treatment plants with smaller capacity, face 

higher financial constraints and tighter budgets. They are most likely to be affected by methane 

mitigation requirements without proper market, financing, and technical assistance mechanisms 

to help them stay in business. However, smaller operation capacity does not necessarily mean 

trivial impacts on methane emissions. On the contrary, some small operations contribute 

significantly to the methane problem. For example, data shows that in the U.S., small-scale 

landfills (with a capacity of 1k-100k tons) emit the majority of methane gas because they are not 

regulated by current EPA rules. Therefore, only half of the landfills in the U.S. are equipped with 

gas recovery systems (RRS, 2021). Abandoned oil and gas wells also can create a significant 

amount of methane leaks if they are not plugged.  Even if legal obligations were imposed, small 

oil and gas companies may not be able to afford the costs. Some might have to abandon their 

drilling operations due to bankruptcy. Current financial assurances, such as bonds, are often 

insufficient for coping with such challenges (Wolf, 2021). Therefore, targeting sources of 

methane emissions from small-scale facilities with outsized methane emissions could have a 

significant impact on overall emissions reduction. 

 

  

https://www.wri.org/insights/more-rice-less-methane
https://www.edf.org/article/farmers-seek-solutions-methane-emissions-cows
https://www.journalofdairyscience.org/article/S0022-0302(22)00328-9/fulltext
https://www.journalofdairyscience.org/article/S0022-0302(22)00328-9/fulltext
https://resource-recycling.com/recycling/2021/07/20/data-corner-digging-into-landfill-methane-recovery/
https://news.bloomberglaw.com/bankruptcy-law/bankruptcies-fueling-environmental-crisis-at-abandoned-oil-wells
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5.1.3 Ineffective Policies  

Despite a large number of methane-related policies in both countries, the existing policy 

frameworks for methane mitigation do not necessarily lead to desired outcomes. A recent study 

found that China’s coal mine methane regulations have not curbed growing emissions (Miller et 

al., 2019). In addition to the policy gaps summarized in Chapter 2, two other major challenges 

undermine the policy effectiveness of methane mitigation. 

Ambiguous principles for developing policy toolkits. A basic question for the adoption of 

effective methane mitigation policies is: To what extent should methane emissions be treated as 

hazards/pollutants and to what extent as resources? Additionally, should the government 

encourage and reward emitters to cut off methane emissions or penalize them for not doing so?  

The answers to these questions are ambiguous for both countries.  If methane emissions are 

considered as resources, policies will naturally be focused on supporting methane recovery and 

utilization. On the one hand, this approach forges stronger market incentives and mechanisms 

for methane mitigation and provides new opportunities for economic growth. A large amount of 

methane emissions might be avoided in the short term if effective market mechanisms are 

implemented. On the other hand, it focuses on methane gas production rather than methane 

emissions reduction. As a result, there could be a higher demand for methane production 

activities, which may actually lead to an increase in methane emissions in the long run.  

For example, CMM recovery/utilization is a useful tool for methane mitigation in the coal mine 

sector. In fact, it significantly contributed to the establishment of China’s methane policy 

framework. However, the CMM policies in China were primarily designed to support the 

development of CBM as an unconventional natural gas industry. These policies, including 

subsidies, feed-in-tariffs and tax exemptions, have not only encouraged CMM recovery from 

existing coal mines, but also incentivized new coal mining activities that could have been 

avoided, to produce CBM. Similar to conventional natural gas production, there are also 

methane leak and flaring issues in CBM operations (Li, 2021). In addition, the recovered 

methane emissions, including CMM, CBM and biogas, are utilized predominantly as fossil fuels, 

which produce carbon dioxide emissions.  

If methane emissions are treated as hazards/pollutants, policy design and adoption should 

follow the “regulation-compliance” framework. Emitters would be mandated by regulations (e.g., 

laws and rules) to reduce emissions and would be penalized if they fail to comply. According to 

our analysis in Chapter 2, the U.S. favored this rationale in methane policy-making, whereas 

China preferred resource-oriented policies. The EPA and other government authorities have 

enacted multiple rules to directly or indirectly mandate methane emissions reporting and 

reduction in various sectors.  

Regulations can contribute directly to reducing methane emissions without creating new 

emissions sources. Using this premise, methane recovery and utilization would not be an end, 

but a means, to methane mitigation. A properly designed regulatory framework can even 

incentivize emitters to phase down emission sources or adopt technologies that can prevent 

methane production instead of the conventional “emit and recover” approaches (e.g., LDAR 
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technologies in oil and gas operations; aerobic bioreactor technology in landfill management 

instead of anaerobic bioreactors, which are the most common way to recover biogas).  

There are obvious costs that go along with regulations. Passing regulations can be difficult and 

time-consuming. It requires extensive political, administrative and legislative procedures to 

finalize those regulations. In addition, regulations are often strongly opposed by interested 

parties. They may not be ideally enacted,  even aborted as a result of that opposition. 

Regulations also may be poorly implemented, since they increase the cost of compliance and 

enforcement. The emitters may take the risk of noncompliance to avoid the mitigation costs 

mandated by the regulations (IEA, 2021a). For example, the U.S. oil and gas industry was found 

to underreport their GHG emissions data to the EPA (U.S. House of Representative Committee 

on Science, 2022). Landfills were found to violate EPA rules on emissions (Allen, 2021). In 

China, even though coal mine safety has been heavily regulated, violations and wrongdoing by 

coal mine owners, including the manipulation of CMM monitoring and alarming devices to avoid 

penalties, are still commonly witnessed (Zhang, 2021). Except for carbon markets, fewer 

business models or financing mechanisms can be established if there are limited market 

incentives for methane mitigation.  

In addition to the resource-versus-pollution dichotomy, there is ar debate on whether the 

government should reward those who reduce methane emissions by “carrot” policies (e.g., 

preferential policies, subsidies, and tax exemptions) to encourage methane emissions reduction 

or penalize those who do not reduce emissions by “stick” policies (e.g., taxes, fines, and other 

penalties). This creates distinctive incentives for methane mitigation and may lead to different 

outcomes (IEA, 2021a). For example, a study investigated the possible impacts of taxing the 

number of cattle to reduce beef demand and, consequently, methane emissions (Bonnet et al., 

2018). Although the study indicated that a beef tax was the most market-friendly policy option, it 

was notorious for being politically difficult to support. Also, without a consistent multi-national 

policy, such a tax in one country will result in emissions leakage as production shifts elsewhere 

(Fellmann, 2018). As a result, no country currently adopts taxes as a way to reduce enteric 

fermentation methane emissions (Baker, 2021). 

In summary, both principles have pros and cons and may be considered in future policy designs 

for methane mitigation in the U.S. and China. The challenge is to balance and set boundaries 

between the two principles, and to decide when “carrots,” rather than “sticks,” should be used, 

and vice-versa. 

Problems with policy implementation. In addition to choosing the right policy instruments, 

some existing policies have not been well implemented. In the U.S., EPA and BLM have 

encountered administrative and legal challenges in implementing rules for methane emissions in 

the oil and gas sector. First, the 2016 EPA rule that established national standards for methane 

emissions was curtailed in 2020, but then reinstated in 2021. Frequently-changed regulations 

inevitably create chaotic situations and compliance issues during implementation. Second, the 

current EPA rule, in fact, limits voluntary actions by industry actors to reduce methane 

emissions. Some operators use aircraft and satellites to detect emissions, which are not devices 

required by the EPA rule, yet they may be more efficient than the required ones. However, few 
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operators have applied for the EPA’s approval in using alternative technologies due to the 

inflexibility of the approval process. Third, a 2016 BLM rule required operators to submit waste 

minimization plans when applying for permits to drill new wells. However, this requirement was 

never implemented due to legal concerns. After the rule was enacted, industry groups 

immediately asked for a review of the rule. As a result, the requirements of the 2016 rule were 

mostly rescinded in another 2018 rule. After another round of legal rulings, in 2020, the 2016 

regulations were vacated by the U.S. District Court for the District of Wyoming (GAO, 2022). It is 

also too early to understand the overall implementation strategy and ultimate emissions 

reductions outcomes from various IRA provisions.  

In China, implementation issues have been related mostly to CMM recovery and utilization, as 

well as biogas recovery in terms of manure management in rural areas. China has set the CMM 

utilization rate as a major target in the FYPs for CBM development since 2011. For both 11th 

FYP and 12th FYP, the goal was to reach a minimum CMM utilization rate of 60% nationwide. 

The 13th FYP for CBM lowered the target to 50%. However, the targets have never been met 

due to various and persisting challenges, including technical difficulties, low profitability, 

inadequate supporting facilities (e.g., lack of access to transmission networks and pipelines), 

and administrative barriers (Lau et al., 2017; Tao et al., 2019; Yang, 2009).  

GHG emissions reduction, including methane mitigation, is particularly challenging in China’s 

agriculture sector, due to the complexity and sensitivity of rural affairs in China. The agricultural 

stakeholders in China are often small-scale and geologically diversified and dispersed, factors 

that complicate the implementation of climate policies. For example, biogas has been strongly 

promoted across rural areas for decades as a major approach to manure management. The 

government has provided numerous subsidies and financial support to help rural households 

install anaerobic manure digesters (Yin et al., 2017). From 2001-2010, the central government 

has invested around $3 billion (18.1 billion RMB) in rural biogas infrastructure. However, despite 

1 billion worth of financial resources invested in rural biogas facilities, biogas accounts for 

merely 1% of energy consumption in rural China, and the utilization rate of biogas is decreasing 

(Chen et al., 2020). The effectiveness of these supporting policies has been controversial, even 

questioned by the media and researchers. The cost of building and maintaining the digesters 

has been increasing as the prices of raw materials rise (Yin et al., 2017). The lack of more 

robust financial mechanisms makes manure digester deployment increasingly cost-ineffective. 

Also, the manure sources for biogas generation may not be sufficient for some households. The 

other major issue for rural biogas development is the obsolescence of manure digesters across 

many regions in China (Qiu et al., 2013). For example, a study showed that 40% of the biogas 

facilities installed in Shaanxi province were idled (Shaanxi Province Department of Agriculture, 

2011). This has been attributed to several factors: (1) a lack of rural labor force to operate 

manure digesters. As a large number of young people migrate from rural to urban areas for 

work, leaving elderly parents and young children to stay at home, less able-bodied workers are 

available to operate and maintain the facilities (Yin et al., 2017); (2) inadequate training for 

operation (Huang et al., 2022); (3) existing rural biogas technology does not fit every region and 

condition. In addition, the massive expansion of biogas facilities does not take regional 

differences, such as weather/temperature, into consideration (Yin et al., 2017). For example, in 
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regions with long periods of extremely cold weather (e.g., northeastern China), biogas facilities 

may not be well-functioning, which leads to their abandonment. 

5.1.4 Institutional Barriers  

Institutional barriers are systemic challenges embedded in existing institutions (e.g., political 

systems, administrative arrangements, land property rights) and will most likely prevail unless 

fundamental changes are made. Whereas policies can, in principle, be altered in a relatively 

short period of time, institutional changes are usually difficult. Methane mitigation in the U.S. 

and China has encountered multiple institutional barriers, which require more strenuous efforts 

to overcome.  

Land and mining ownership. One major challenge for both the U.S. and China is associated 

with land ownership and mining rights, which would have a significant impact on methane 

recovery and utilization in the energy sector. Ownership that is not clearly defined can cause 

various conflicts among resource owners and hinder methane mitigation efforts. The mining 

rights of CMM and coal mines are usually separated in the current mining regulatory systems of 

both countries (Banks, 2012; Denysenko et al., 2019). This means that the owners of coal 

mines do not inherently obtain the mining rights of CMM/CBM. The rationale behind this is the 

recognition that coal mining and CMM recovery belong to two different mineral categories -- coal 

and natural gas – that require different sets of expertise and mining licenses.   

However, this separation increases the transaction cost of CMM recovery and utilization, as the 

owner of CMM/CBM (usually natural gas companies) needs to constantly coordinate with the 

owner of the coal mines (usually coal companies). Ineffective coordination may pose a threat to 

coal mine safety and result in lower CMM/CBM productivity. China has faced a larger challenge 

with respect to CMM recovery compared to the U.S., since coal production is central to China’s 

energy system. It is common that coal mine owners control CMM/CBM resources associated 

with their coal mines without getting approval for the CBM ownership rights (CMM use does not 

require a CBM license), which hinders the business opportunities of CMM (natural gas) 

developers. There are also numerous cases where natural gas developers gain CMM 

ownership rights first, then impede coal mining activities because of their business’s strategic 

concerns. Overlapping mining ownership causes serious conflicts between coal industry owners 

and natural gas companies. As a result, CMM ownership accounts for less than 16% of the total 

resource potential in China (Zhu, 2021).  

AMM ownership is another major regulatory obstacle (Denysenko et al., 2019). In the U.S., the 

governance of AMM ownership varies across federal and state governments. AMM capture and 

utilization can be difficult to accomplish on federal lands, as resource rights may be divided 

among multiple lessees. On private lands, AMM ownership rights are directly granted to coal 

mine owners. The deployment of AMM projects has been given particular preference in states 

where coal owners have the right to capture and utilize AMM, rather than natural gas 

developers. However, in most of the cases, a methane lease expires when the associated coal 

mine lease expires. In China, there has been an unclear regulatory environment with respect to 

AMM ownership after coal mine closure (Creedy, 2019). The other issue with AMM 
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development is the lack of incentives to reopen coal mines once they have been closed due to 

high costs.  

Land ownership rights also have a significant impact on the effectiveness of methane mitigation. 

In China, land is mostly state-owned (there are also collectively-owned lands), and all mineral 

mines are state-owned. Developers in China can only obtain development permits instead of 

property rights. The legal and administrative procedures of mining and land-related activities 

(e.g., building pipelines and transmission facilities) are mostly determined by the central 

government, with a few adjustments at the provincial/local level. Therefore, methane mitigation 

policies in the coal mine and oil and gas sectors can be implemented from the top-down if 

necessary, without land ownership and jurisdictional concerns. The situation is more 

complicated in the U.S., where land and mineral resources have much more complex ownership 

structures, including federal and tribal ownership, state ownership, and private ownership. The 

U.S. regulatory frameworks for land use and mining activities, including coal mining and oil and 

gas operations, vary across jurisdictions. In addition, interjurisdictional activities are even more 

challenging. However, the impact of ownership complexity on methane emissions has been little 

explored.  

Some questions have been raised about whether specific leasing provisions in the Inflation 

Reduction Act of 2022 (§ 50265) could partially offset the benefits of emissions reductions 

(Bittle, 2022; Brown & Phillis, 2022). For example, issuance of federal wind and solar 

development rights are linked to those for oil and gas leases for a 10-year period. The provision 

forbids the Department of Interior (DOI) to issue offshore wind leases before it offers 60 million 

acres on the Outer Continental Shelf for sale in offshore oil and gas leases during the previous 

one-year period. It also limits the issuance of rights-of-way and certain leases for wind and solar 

development on federal land before an onshore oil and gas lease sale takes place during a 120-

day period before the right-of-way is granted. On the other hand, impacts of these provisions 

are likely to be small compared to overall reductions from other IRA provisions (Mahajan et al., 

2022).  

Socio-economic gaps and regional and urban-rural inequality. The effectiveness of 

methane mitigation not only relies on cost-effective technologies, but also depends on the 

capacity of enabling entities to carry out designated activities. The capacity of methane 

mitigation varies due to large socio-economic gaps and inequalities. Regions that are 

economically underperformed might be less capable of delivering ideal policy outcomes 

because of insufficient financial and human resources, and a lack of robust governing 

institutions. These challenges would prevail unless efforts are made to close the socio-

economic gaps. On the other hand, while it is also important to understand if methane mitigation 

practices can benefit regional development and alleviate inequality, both mechanisms are 

seldom explored and understood. 

This institutional barrier is particularly highlighted by the emission sectors that are closely 

related to China’s rural areas, including rural landfills, rural wastewater, livestock manure and 

enteric fermentation, and rice cultivation. In fact, the majority of China’s most challenging 

methane issues are associated with rural development . Compared to the U.S., the urban-rural 
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gaps in China are large in terms of development levels. The key to tackling those challenges 

and raising ambitions is to strengthen rural governance and build stronger capacities for 

methane mitigation actions. For example, whereas municipal solid waste and wastewater are 

regulated mostly for pollution reduction, rural landfills and wastewater are still loosely managed. 

In many of the areas, untreated landfills and wastewater are left unattended or discharged 

directly into the natural environment, which can result in surface and groundwater degradation. 

Pit latrines – a commonly used toilet system in rural areas -- are significant sources of methane 

emissions globally (Reid et al., 2014). EPA estimates that methane emissions from latrines 

account for 74% of China’s domestic emissions from wastewater (Brink et al., 2013). 

Urbanization in China can significantly reduce methane emissions from rural wastewater. 

Research projected that urbanization in China could largely contribute to the decrease of global 

anthropogenic emissions by ∼2% to ∼1% between 2000 and 2015.(Reid et al., 2014). 

In addition, mitigating methane emissions from livestock enteric fermentation and rice cultivation 

requires fundamental changes of current livestock feed types, cultivation practices, and rice 

varieties. The challenge is to make the change happen, since these technological options often 

come with high costs, and the benefits for these changes are not well understood. Existing 

research primarily focuses on the technological details of methane mitigation of these sectors; 

few have investigated the issue from a governance perspective. 

Social acceptance and political economy. It is essential to identify the relevant stakeholders 

and the political economy factors that affect progress on methane emissions reduction.  

Raising ambitions for methane mitigation will inevitably create winners and losers in the short 

term because of the associated costs. A key question is: Who bears these costs? Those who 

would be potentially worse off by the mitigation policies may be strongly against the policy-

making. In addition, many of the challenges are not technical, but are sociopolitical barriers that 

generate implicit costs for methane mitigation. For instance, concerns for food security have 

been raised in discussions of methane mitigation in rice cultivation and have become one of the 

greatest challenges for this sector. 

Making changes in China’s CMM/CBM industry is also much more complicated than simply 

deploying cost-effective technologies. The effectiveness of CMM/CBM capture and utilization is 

largely determined by interactions among various stakeholders, including state-owned or private 

coal mine owners, local state-owned and central state-owned CMM/CBM developers, local 

government authorities, the power grid and pipeline companies, which are usually the largest oil 

and gas state-owned enterprises and major developers of CMM/CBM in China. Conflicts 

between coal mine developers and CMM/CBM developers have been intensified by the unique 

political economy of central-local relationship in China, where the interests of local governments 

and central state-owned CMM/CBM developers were not aligned (Guo, 2011).  

In the U.S., politics dominates legislation on climate issues. And the cost of climate mitigation 

has been a major concern in the political arena, and will potentially have a great impact on the 

policy-making process for methane mitigation (Baker, 2021). One example has been 

Republican lawmakers’ argument of the high costs associated with the Green New Deal. In 

addition to the view of politicians, public opinion also tends to be hesitant about funding large-
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scale emissions reduction programs (Hamel et al., 2019). Another example has been the 

degree of public acceptance on some technological options for methane mitigation. For 

instance, landfill incinerators have proven to be effective for cutting landfill methane emissions. 

However, the “not in my backyard” (NIMBY) issue has been a major challenge for the 

deployment of incinerators across many countries. The U.S. has a long history of NIMBY 

problems with respect to the installation of landfill incinerators, driven by air quality and health 

concerns (Dunphy & Lin, 1991). Therefore, the technology will be much less favorable despite 

its effectiveness on methane emissions reduction. Political feasibility must be examined along 

with technological and financial feasibility.  

5.2 Opportunities 

5.2.1 Identifying Sectoral Priorities Based on Technological Abatement 

Potential and Costs 

This section further analyzes sectoral priorities and “low hanging fruit” (LHF) – i.e. sectors with 

large emissions reduction potential and low technological costs for methane mitigation, based 

on marginal abatement cost curves (MAC curves) by 2030 developed in Chapter 4 (Figure 5.2). 

The priorities are evaluated by the mitigation contribution of each sector to the country as a 

whole rather than the individual sectors. All six sectors are ranked and categorized according to 

two criteria: (1) The impact of each sector on overall methane emissions, measured by the 

share of the emissions of each sector as a fraction of overall methane emissions; (2) The 

contribution of low-cost technologies of each sector to methane emissions reduction, 

measured by the amount of low-cost abatement potential in each sector (here defined as 

technologies with costs of $0.25/kgCH4 or $10/tCO2 and below).  

The LHF sector(s) should have a large impact on total methane emissions, as well as a large 

abatement potential at a low-cost level, indicating that the sector (s) can contribute significantly 

to methane emissions reduction with low cost technology, therefore must be prioritized. The 

most challenging sectors are the ones that have a large impact on total emissions but with little 

abatement potential at a low-cost level, indicating that low-cost technologies barely contribute to 

emissions reduction from the baseline and that more efforts must be made to increase the 

abatement potential or to reduce the emission activities6. For sectors where impact on total 

methane emissions are relatively small, the tasks are less urgent, even though efforts in those 

sectors should still be made as much as possible.  

 
6 In terms of the categories, based on the rankings from high to low, the first two sectors are considered 

as high impact/potential. The following two sectors are considered as medium impact/potential. And the 

last two sectors are considered as impact/low potential. 
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Figure 5.1: Methane Mitigation Technical Potential by Sector in the U.S. and China in 

2030 (TgCH4). This figure shows potential methane emissions reductions in 2030 by mitigation 

cost ranges (USD/kgCH4). It is constructed from abatement cost curves using different 

technologies. Low-cost technologies are defined here as cost equals to or lower than 

$0.25/kgCH4 ($10/MtCO2e using100-year Global Warming Potential (GWP) coefficient from 

AR4). Data from EPA Non-CO2 Greenhouse Gas Data Tool (EPA, 2022c). 

The United States 

Overall, low-cost technologies contribute to 51% of the total abatement potential. That implies 

that the U.S. should not only focus on the implementation of existing low-cost technologies, but, 

more importantly, pay more attention to fostering business models and crafting effective policies 

to drive down the technological costs of methane mitigation.  

The oil & gas and coal mine sectors are LHFs. Based on the evaluation, both the oil and gas 

and coal mine sectors are LHFs. The oil and gas industry will largely determine the overall 

performance of methane mitigation actions in the U.S. These sectors have high emission levels, 

however, 65% of the sectoral mitigation potential – the emissions that can be reduced by 

existing technologies – can be realized with costs of $0.25/kgCH4 and below by 2030. Although 

the mitigation potential of the coal mine sector is far less than the oil and gas sector, 83% of the 

potential mitigation can be achieved with low-cost technologies. Deploying these low-cost 



Roadmap for U.S.-China Methane Collaboration: Methane Emissions, Mitigation Potential, and Policies 

88  

technologies in the oil and gas and coal mine sectors could result in a reduction of 4.5 TgCH4 

emissions, which is greater than the total abatement potential at any cost of the wastewater, 

landfill and rice cultivation sectors combined.  

The livestock and landfill sectors have promising opportunities, yet challenges need to 

be addressed with respect to technological options. Methane emissions from the livestock 

sector will account for around one third of the total U.S. methane emissions by 2030. It is one of 

the nation’s largest methane emissions sources. Though only 22% of sectoral potential can be 

achieved at a low-cost level, the absolute amount of methane emissions which can be reduced 

in this sector with low-cost technologies is comparatively large -- a reduction of 0.7 TgCH4 

emissions can be achieved in a low-cost range. However, challenges need to be addressed 

regarding technological costs, as 67% of the total abatement potential is contributed by 

technologies which cost more than $0.5/kgCH4. Therefore, for the livestock sector, it is 

important to explore business models and policies that can more effectively reduce 

technological costs.  

The U.S. landfill sector accounts for a moderate share of total methane emissions. The total 

abatement potential is relatively small compared to its emissions level, which means a large 

number of the emissions from this sector cannot be mitigated by technological options by 2030. 

Even so, 69% of the sectoral abatement potential can be achieved at a low-cost level, resulting 

in a reduction of 0.2 TgCH4, which is still a relatively large amount of emissions. Therefore, for 

the landfill sector, actions must be taken to encourage technological improvements and 

innovation, and to reduce emission activities.  

The wastewater and rice cultivation sectors are less urgent, however efforts can be made 

when possible. Both sectors account for a small share of total methane emissions, and the 

abatement potential is low and costly. Therefore, these sectors might not be the priority for the 

U.S. in methane mitigation. However, actions can be taken to address some of these challenges 

when possible.  

China 

Overall, low-cost technologies play a predominant role in mitigation potential. About 62% of the 

total abatement potential can be mitigated by 2030 using low-cost technologies. This indicates a 

promising trend in which a large amount of methane emissions can be reduced if the existing 

cost-effective technologies are properly deployed. 

The coal mine sector is a LHF. Among all the sectors, coal mine methane has the highest 

cost-effective abatement potential. It not only makes up 74% of China’s total mitigation potential 

across all sectors, but can be largely mitigated at a low-cost level -- i.e., 75% of the sectoral 

abatement potential can be actualized with costs no higher than $0.25/kgCH4. Therefore, the 

coal mine sector is a low-hanging fruit for methane mitigation and therefore can be prioritized in 

China's overarching mitigation strategy.   

A comparatively large amount of emissions can be reduced in the landfill and livestock 

sectors at a low-cost level, however, challenges need to be addressed to increase the 
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sectoral abatement potential and lower the technological costs. The absolute amount of 

the low-cost mitigation potential is comparably large -- about 0.5 TgCH4 for each of the landfill 

and livestock sectors. The sum of the mitigation potential is more than twice that of total oil and 

gas abatement potential in China. For both sectors, one solution could be landfill gas/biogas 

recovery and utilization, which has already been implemented as a key policy for promoting 

rural development and environmental protection and municipal solid waste management in 

China. In addition, waste incineration is a direct way to reduce methane emissions, yet the 

NIMBY issue is a global challenge for building incinerators. Meanwhile, the low-cost abatement 

potential of the livestock and the landfill sectors contribute to only 34% and 44% of the sectoral 

potential respectively. The total abatement potential of these two sectors occupies only a small 

fraction of the sectoral methane emissions. Therefore, further actions should be taken to drive 

down the technological costs and to accelerate technological innovation and reduce emissions-

related activities.  

The oil and gas sector is less influential on total emissions, but has promising 

opportunities. This sector has the least methane emissions among all of China’s sectors. 

Around half of the emissions can be mitigated by existing technologies, and 47% of the 

abatement potential is contributed to low-cost technological opportunities. Therefore, it is 

important to make sure those technologies can be fully implemented and to continue reducing 

technological costs for methane mitigation in this sector. 

Methane mitigation in the wastewater and rice cultivation sectors is costly. Most of the 

sectoral mitigation potential of these two sectors can be achieved only by high-cost 

technologies. For the wastewater sector, 78% of the total mitigation potential in 2030 is 

associated with technological costs above $0.5/kgCH4. The low-cost mitigation potential for the 

rice cultivation sector is only 16%, with 63% of total abatement potential stemming from costs 

over $0.5/kgCH4. Despite the high technological costs, the total abatement potential is only 1.6 

TgCH4 and 1.0 TgCH4 for wastewater and rice cultivation, respectively, accounting for a small 

proportion of each sectors’ emissions. Therefore, technology innovation and mechanisms to 

drive down costs are particularly crucial to enhance the mitigation potential of both sectors.  

5.2.2 Assessing U.S.-China Collaboration Readiness and Potential 

This section identifies the sectors and policy areas that the U.S. and China are most ready to 

adopt and that have the greatest potential for collaboration in the near-term. We selected a set 

of indicators to assess the level of readiness and potential for each of the subsectors, including 

coal mine, oil and gas, landfills, wastewater, livestock manure, livestock enteric fermentation, 

and rice cultivation. Four indicators are considered: 

Research collaboration. This indicator represents the extent to which researchers from the 

U.S. and China have collaborated on methane emissions. It indicates the scientific foundation 

and communication the two countries have established on this topic. The indicator is measured 

by the number of peer-reviewed journal articles co-authored by researchers from institutions in 

the U.S. and China. The data was obtained from the Web of Science and was current as of 

June 17, 2022.  
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Partnership opportunities. This indicator shows the established or intended business or non-

business partnerships between the two countries on methane mitigation. It indicates the level of 

interest in each sector and the foundation for advancing future collaboration. It is measured as 

the presence or absence of existing U.S.-China engagement activities and the number of 

business or non-profit opportunities in each subsector. The data for this indicator was obtained 

from the Global Methane Initiative (GMI, 2022c) and EPA (EPA, 2022a). 

International engagement. Due to the different international contexts and socio-political 

characteristics of the two countries, this indicator focuses only on how much China has been 

involved in international methane mitigation activities. More international engagement 

experience equips state and non-state actors with better knowledge and abilities to forge future 

collaboration at the global level. It also makes these actors more comfortable communicating 

with international communities. This indicator serves as the proxy for the level of willingness and 

capacity of the actors in China to engage with their counterparts in the U.S. on methane 

mitigation. This indicator can be measured by the number of international projects that the 

actors in China have participated in and whether these actors have been involved in major 

international coalitions or industrial organizations. The data was obtained from the CDM project 

database (UNFCCC, 2022), the World Bank project database (The World Bank, 2022), the 

United Nations Economic Commission for Europe (UNECE), and the Oil and Gas Climate 

Initiative (OGCI).  

Sectoral methane emissions. This indicator represents the combined sectoral methane 

emissions of the U.S. and China. U.S.-China collaboration may better contribute to methane 

mitigation if it effectively targets the sectors with the highest methane emissions. Therefore, 

combined sectoral emissions are considered as an indicator of collaboration priorities in the 

near-term.  

  

https://www.zotero.org/google-docs/?ue5MCI
https://www.zotero.org/google-docs/?N78CJx
https://www.zotero.org/google-docs/?dBYOF1
https://www.zotero.org/google-docs/?IJwOSv
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The data is processed and normalized with a min-max approach, in which the normalized score 

for each indicator ranges from 0 to 1 and is transformed to a 0-100 range for better visualization 

(by multiplying 100). The final score of collaboration readiness and potential is the sum of the 

scores of all four indicators, which are equally weighted (Table 5.2). 

 

Table 5.2: Data Description.  

Indicator Description Measurement Data source 

Research 

collaboration 

Research conducted together 

by researchers from the U.S. 

and China on the methane 

topic 

# of peer-reviewed journal 

publications co-authored by 

researchers from institutions in the 

U.S. and China 

Web of 

Science 

Partnership 

opportunities 

The established or intended 

business and non-business 

partnerships on methane 

mitigation between the U.S. 

and China 

# of business or non-business 

methane-related partnership 

opportunities, weighted by the 

existing number of partnerships 

with the U.S. 

Global 

Methane 

Initiative; 

EPA 

International 

engagement 

The extent to which China 

has been involved in 

international methane 

mitigation activities 

# international projects on methane 

mitigation that actors in China have 

participated in, weighted by 

international coalition membership 

CDM; 

UNECE; 

OGCI; World 

Bank 

Sectoral 

methane 

emissions 

The combined sectoral 

emissions of the U.S. and 

China 

The amount of U.S.-China 

combined sectoral methane 

emissions in 2020 

This study 
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Figure 5.2: U.S.-China Collaboration Potential by Sector. The four indicators include 

research collaboration -- measured by the number of peer-reviewed journal articles co-authored 

by researchers from institutions in the U.S. and China; partnership opportunity – measured as 

the presence or absence of existing U.S. - China engagement activities and the number of 

business or non-profit opportunities in each subsector; international engagement – measured by 

the number of international projects/ industrial organizations in the sector; and U.S. - China 

combined sectoral methane emissions in 2020. The indicators are normalized with a min-max 

approach and transformed to a 0-100 range. The final score of the collaboration potential is the 

sum of the four indicators. The size of the shade indicates the score. 

The results show that, overall, the coal mine sector is most ready for the two countries to 

collaborate (Figure 5.2). The oil and gas and landfills sectors are the next most ready. The coal 

mine sector has already attracted extensive research collaborations between the two countries. 

This sector also has a relatively high number of partnership opportunities between the U.S. and 

China. The EPA participated in and supported CMM methane mitigation demonstration projects 

in China through the Coalbed Methane Outreach Program (CMOP) as early as the 1990s. 

China’s coal mine industry also has a high level of international engagement, as there were 84 

CMM mitigation projects supported by the CDM, nearly 30% of the total number of CDM 

projects associated with methane mitigation. Additionally, the coal mine sector in China has 

been deeply involved with international communities such as UNECE.  

The oil and gas and landfill sectors are also well-prepared for U.S.-China collaboration. 

Comparatively, the oil and gas sector has the highest research collaboration score. The landfill 

sector has more U.S.-China partnership opportunities and stronger international engagement 

experience. Most of the CDM projects for methane mitigation focused on landfills. However, the 
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combined landfill methane emissions of the two countries account for a smaller share of total 

emissions, and there have not been many scientific research collaborations in this sector. 

Livestock enteric fermentation is one of the least ready sectors for U.S.-China collaboration. 

There have been only six collaborative peer-reviewed publications by researchers from the two 

countries, and China has little international engagement experience in this sector. However, 

livestock enteric fermentation emits a significant amount of methane emissions. Initiating U.S.-

China collaboration in this sector has great potential to push forward methane mitigation efforts. 

According to this assessment, the U.S.-China collaboration in the manure, wastewater and rice 

cultivation sectors can be optional. The shares of emissions are comparatively low in these 

sectors. Nevertheless, there have been opportunities for the two countries to collaborate in the 

livestock manure and rice cultivation sectors. Pilot/demonstration projects and research 

opportunities should be further explored in these areas.  

In summary, U.S.-China collaboration on methane mitigation can focus on the following, ranked 

in terms of readiness: the coal mine sector, which has a concrete foundation, large potential, 

and is well prepared for future collaboration; the oil and gas sector, for which the U.S. and 

China have already conducted extensive research collaborations; the landfill sector, which has 

significant potential opportunities for U.S.-China collaboration despite its comparatively low 

emissions level. Notably, the enteric fermentation sector can be highlighted as a potential 

focus because of its high level of methane emissions, despite the fact that existing efforts have 

so far been small. 

5.2.3 Co-Benefits of Methane Mitigation 

Methane mitigation has multiple co-benefits that contribute to human and socioeconomic well-

being. It can help lower ozone concentration, improve air quality and public health, strengthen 

food and energy security, enhance coal mine safety, and create job opportunities (Bollen et al., 

2009; CCAC, 2021). These co-benefits can serve as facilitators of more ambitious methane 

mitigation actions for both countries.  

Impact on ozone, air quality and health. Methane is an important precursor of tropospheric 

ozone (O3), also known as ground-level ozone, which is both a greenhouse gas and a powerful 

air pollutant that endanger earth's atmosphere, air quality, and human health(CCAC & UNEP, 

2021b). Exposures to ozone can significantly increase the risk of premature death (Malley et al., 

2017). Methane oxidizes to form ground-level ozone (West & Fior, 2005; Sarofim et al., 2015), 

and contributes to the reaction around six times more than anthropogenic non-methane volatile 

organic compounds (NMVOCs) (West & Fior, 2005).Therefore, methane mitigation contributes 

to reducing ozone-related environment and health risks. In addition to ozone, some methane 

mitigation options can contribute indirectly to better air quality by reducing fossil fuel use, the 

combustion of which generates many air pollutants, including particulate matter (PM10 and 

PM2.5), nitrogen dioxide (NO2), carbon monoxide (CO), and sulfur dioxide (SO2) (WHO, 2021).  

The co-benefits of methane emission reduction on public health are closely related to air quality 

improvement. For example, PM2.5 increases the risk of death by causing cardiovascular, 

respiratory, and metabolic diseases. Ozone exposures increase the risk of death by causing 

https://www.oecd-ilibrary.org/economics/co-benefits-of-climate-change-mitigation-policies_224388684356;jsessionid=3qmxQMspMZ332qmL-zLB0SenQ_85mtFFza9jsxXA.ip-10-240-5-72
https://www.oecd-ilibrary.org/economics/co-benefits-of-climate-change-mitigation-policies_224388684356;jsessionid=3qmxQMspMZ332qmL-zLB0SenQ_85mtFFza9jsxXA.ip-10-240-5-72
https://www.ccacoalition.org/en/content/benefits-and-costs-mitigating-methane-emissions#:~:text=Global%20action%20to%20reduce%20methane,pollutant%20with%20multiple%20harmful%20impacts.
https://www.ccacoalition.org/en/resources/global-methane-assessment-full-report
https://www.ccacoalition.org/en/resources/global-methane-assessment-full-report
https://pubs.acs.org/doi/10.1021/es048629f
https://www.osti.gov/pages/servlets/purl/1251564
https://pubs.acs.org/doi/10.1021/es048629f
https://www.who.int/news/item/22-09-2021-new-who-global-air-quality-guidelines-aim-to-save-millions-of-lives-from-air-pollution
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chronic obstructive pulmonary disease. Recent studies have found that short-term exposure to 

NO2 also increases the risk of death from cardiovascular and respiratory diseases (CCAPP, 

2021). In addition to air quality related co-benefits, methane mitigation in rice cultivation, such 

as improving irrigation systems, can contribute to reducing arsenic - a notable toxic substance 

for human health - in rice (Minamikawa et al., 2015; Yang et al., 2017). 

Some research has quantified the co-benefits of methane mitigation on public health. One study 

shows that through methane reduction measures, 0.6-4.4 and 0.04-0.52 million, annual 

premature deaths can be avoided globally in 2030 by reducing PM2.5 and O3, respectively 

(Anenberg et al., 2012). The model developed by West et al., estimates that 20% methane 

reduction can prevent 30,000 premature all-cause deaths globally in 2030 and approximately 

370,000 mortalities between 2010 and 2030 (Bollen et al., 2009).  

Impact on food security. Ground-level ozone also causes crop yield loss, which can be greatly 

avoided by methane mitigation. Through ozone-related effects, methane contributes to 15% 

annual yield losses of soy, wheat, rice, and maize (CCAC, 2022; West & Fior, 2005). Studies 

show that implementing methane abatement measures can increase crop yields, forestry and 

vegetation quality and productivity by reducing tropospheric ozone (Abernethy et al., 2021; 

CCAC, 2022; Shindell et al., 2017). In addition, methane mitigation practices for rice paddy, 

such as rice intensification and alternative crops, also contribute to a more climate-resilient 

agricultural system (Shah & Otterpohl, 2016).  

Studies show that existing methane mitigation measures can prevent more than 26 million tons 

of crop losses annually – equivalent to 2% of production in 2000 – and is worth $3.5 billion 

(2000 constant USD) (Monaco et al., 2021; Avnery et al., 2012). According to Global Methane 

Assessment, 134 Mt methane emissions reduction can avoid yield losses of 7.46 Mt of wheat; 

2.23 Mt of soybeans; 5.58 Mt of maize; and 4.20 Mt of rice(CCAC & UNEP, 2021b). In addition, 

applying improved agricultural practices to reduce methane emissions can increase crop yields, 

especially when using measures that specifically focus on improving efficiency (Monaco et al., 

2021).   

Impact on coal mine safety. Methane is a major threat to coal mine safety. An explosive gas, it 

severely endangers coal mine workers’ working conditions, health and lives. This hazard can be 

addressed by effectively controlling CMM emissions. For example, the pre-mining degasification 

of surface and underground coal mines has been successfully employed in many countries 

(UNEP, 2011). The idea is to reduce the risk of methane-related explosions by preventing the 

buildup and migration of in-mine methane. More methane recovery and utilization technologies 

are introduced in the article of Karacan et al. (2011). Another study shows that 1% increase of 

per ton coal CMM drainage volume can reduce 1.85% of per million ton coal methane-related 

accidents and 5.5%-7.4% of per million tons mortality rate (Xu & Wang, 2017).  

Impact on employment & industry development. Methane mitigation has a great potential to 

boost economic development and provide better job opportunities (EDF, 2022; Parikh, 2021). 

The oil and gas sector emitted 7.7 million tons of methane per year, resulting in $1.8 billion of 

company revenue losses (EDF, 2014). Fugitive methane mitigation can save extra gas that 

would have been wasted (Clark et al., 2021). If the wasted methane can be captured, natural 

https://www.efchina.org/Attachments/Report/report-cemp-20211020/%E4%B8%AD%E5%9B%BD%E7%A2%B3%E4%B8%AD%E5%92%8C%E4%B8%8E%E6%B8%85%E6%B4%81%E7%A9%BA%E6%B0%94%E5%8D%8F%E5%90%8C%E8%B7%AF%E5%BE%842021.pdf
https://www.efchina.org/Attachments/Report/report-cemp-20211020/%E4%B8%AD%E5%9B%BD%E7%A2%B3%E4%B8%AD%E5%92%8C%E4%B8%8E%E6%B8%85%E6%B4%81%E7%A9%BA%E6%B0%94%E5%8D%8F%E5%90%8C%E8%B7%AF%E5%BE%842021.pdf
https://iopscience.iop.org/article/10.1088/1748-9326/10/8/084012/meta
https://www.sciencedirect.com/science/article/pii/S2214514116300514
https://ehp.niehs.nih.gov/doi/10.1289/ehp.1104301
https://www.oecd-ilibrary.org/economics/co-benefits-of-climate-change-mitigation-policies_224388684356
https://www.ccacoalition.org/en/slcps/methane
https://pubs.acs.org/doi/10.1021/es048629f
https://royalsocietypublishing.org/doi/10.1098/rsta.2021.0104
https://www.ccacoalition.org/en/slcps/methane
https://pubs.rsc.org/en/content/articlelanding/2017/FD/C7FD00009J
https://www.researchgate.net/publication/311518507_Building_resilience_to_climate_change_induced_extreme_weather_events_through_agriculture_with_a_focus_on_the_system_of_rice_intensification
https://www.wri.org/insights/methane-gas-emissions-climate-change
https://onlinelibrary.wiley.com/doi/10.1111/gcb.12118
https://www.ccacoalition.org/en/resources/global-methane-assessment-full-report
https://www.wri.org/insights/methane-gas-emissions-climate-change
https://www.wri.org/insights/methane-gas-emissions-climate-change
https://wedocs.unep.org/handle/20.500.11822/8048
https://www.sciencedirect.com/science/article/abs/pii/S0166516211000437?via%3Dihub
http://www.cnki.com.cn/Article/CJFDTotal-ZGME201704038.htm
https://www.edf.org/how-reducing-methane-emissions-creates-jobs#:~:text=New%20research%20shows%20that%20reducing,has%20nearly%20doubled%20since%202017
https://sites.lsa.umich.edu/mje/2021/11/29/the-economic-impact-of-cutting-methane-emissions/#:~:text=In%20the%20oil%20and%20gas,Clean%20Air%20Coalition%2C%202021
https://www.edf.org/media/emerging-us-methane-mitigation-industry-stimulates-growth-local-economies
https://www.washingtonpost.com/business/energy/why-methane-is-climates-low-hanging-invisible-fruit-quicktake/2021/11/02/a21e2fe0-3c19-11ec-bd6f-da376f47304e_story.html
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gas producers in the U.S. could increase their revenues by $188 million per year (Silverstein, 

2021).  

For industry development, in the U.S. the methane mitigation service sector has nearly doubled 

since 2017, and the methane mitigation manufacturing industry has grown by one third since 

2014 (Lowe & Skillern, 2021). There are more than 225 manufacturing and service companies 

with nearly 1,000 employee locations across the U.S. (Lowe & Skillern, 2021). 70% of this 

emerging methane mitigation industry consists of small businesses, which represents an 

upward mobility of the whole industry (Lowe & Skillern, 2021). 

In terms of job creation, with the development of the industry and relevant methane techniques 

and solutions, new jobs for skilled workers can be created (Stokes et al., 2014). 75% of 

manufacturing firms and 88% of service firms in the U.S. are reported to have created more jobs 

under the national methane mitigation strategy (Lowe & Skillern, 2021). The implementation of 

identified methane mitigation measures could create around 85,000 jobs annually in the U.S. oil 

and gas sector through 2015-2019 (Keyser et al., 2015). 

In addition, the salary levels of these new jobs are likely to be higher than the conventional jobs 

in the related sectors. Data shows that the entry level salary for methane mitigation jobs is up to 

10% higher than the national average wage, and the industry can offer up to $140,000 annual 

wage (EDF, 2022). Moreover, the median hourly salary for workers in the leak control sector of 

the methane mitigation industry is $30.88 (Stokes et al., 2014).Therefore, methane mitigation is 

expected to have substantial economic benefits, boost the growth of new industries, and create 

more well-paid positions. 

We estimated the co-benefits of methane mitigation in terms of ozone, health, pollution-related 

premature deaths, crop yields, coal mine mortality, and employment, when all the baseline 

methane emissions of a country are reduced to zero in a given year. Under this assumption, we 

drew upon emissions data for the U.S. and China from the 2030 scenario estimated by this 

study. Most of the co-benefit coefficients, except those for coal mine mortality and employment, 

came from the data tool “Assessment of Environmental and Societal Benefits of Methane 

Reductions,” developed by the Climate & Clean Air Coalition (CCAC) and United Nations 

Environment Programme (UNEP). The coal mine mortality and employment co-benefits were 

calculated using different methodologies7 (Table 5.3).  

  

 
7 Due to limited data availability, we calculated the coal mine mortality co-benefits only for China and the 

employment co-benefits for the U.S. We used the 2030 coal mine production data from the projection 

model this study has developed.  

https://www.forbes.com/sites/kensilverstein/2021/05/10/capturing-methane-from-oil-and-gas-operations-is-doable-and-profitable/?sh=6ff7d6fb4b54
https://www.forbes.com/sites/kensilverstein/2021/05/10/capturing-methane-from-oil-and-gas-operations-is-doable-and-profitable/?sh=6ff7d6fb4b54
https://www.edf.org/sites/default/files/content/FindMeasureFixReport2021.pdf
https://www.edf.org/sites/default/files/content/FindMeasureFixReport2021.pdf
https://www.edf.org/sites/default/files/content/FindMeasureFixReport2021.pdf
https://www.daturesearch.com/wp-content/uploads/Methane-Mitigation-Industry-Report_Final.pdf
https://www.daturesearch.com/wp-content/uploads/Methane-Mitigation-Industry-Report_Final.pdf
https://www.daturesearch.com/wp-content/uploads/Methane-Mitigation-Industry-Report_Final.pdf
https://www.edf.org/sites/default/files/content/FindMeasureFixReport2021.pdf
https://www.osti.gov/biblio/1215139/
https://www.edf.org/how-reducing-methane-emissions-creates-jobs#:~:text=New%20research%20shows%20that%20reducing,has%20nearly%20doubled%20since%202017
https://www.daturesearch.com/wp-content/uploads/Methane-Mitigation-Industry-Report_Final.pdf
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Table 5.3: Coefficients of Co-benefits (per unit co-benefit/ MtCH4) 

Source: Co-benefit coefficients from Climate & Clean Air Coalition (CCAC & UNEP, 2021a).  

 

Impacts Coefficient(U.S.) Coefficient(China) 

Reduction in Ground-level Ozone (ppb) 0.017 0.017 

Reduced Premature Deaths Due to Ozone Exposure 76.037 297.082 

Reduced Asthma-related Emergency Room Visits due to 

Ozone Exposure 11.344 53.991 

Increase in Crop Yield due to Climate and Ozone 

Response to Methane (kt) 29.362 31.122 

 

(1) Ground-level ozone. The quantified co-benefits are shown in Figure 5.3, which follows. For 

ground-level ozone, by mitigating 1 Mt of methane per year, the ground-level ozone in the U.S. 

and China can be reduced by 0.017 ppb. The 2030 methane emissions baseline is 27.34 Mt 

and 32.41 Mt in the U.S. and China, respectively. In 2021, the level of tropospheric ozone is 

around 44 ppb (daily maximum 8-h) in the U.S. and,in China, 64 ppb (EPA, 2021b; MEE, 2022). 

If all the methane emissions in 2030 were mitigated, the reduced ground-level ozone that year 

would be around 0.5 ppb in the U.S. and 0.6 ppb in China, equal to 1% and 0.9%, respectively, 

of the average 2021 tropospheric ozone level. 

(2) Asthma-related emergency room visits. Ozone exposure causes asthma. A decrease of 

ozone level would contribute to reducing asthma-induced hospital visits. Reducing 1 Mt 

methane can avoid 11 and 54 hospital visits in the U.S. and China, respectively. If the 2030 

baseline emissions in both countries were reduced to zero, around 300 and 1,800 asthma-

related emergency room visits could be avoided respectively.  

(3) Premature deaths. Ozone exposure can cause premature deaths. Reducing per Mt of  

methane emissions contributes to a decrease of 76 and 297 premature mortalities in the U.S. 

and China, respectively. If all methane emissions were mitigated in 2030 in the U.S. and China, 

around 2,100 and 9,600 premature deaths, respectively could be prevented. By cutting methane 

emissions thousands of lives can be saved not only in the U.S., and China, but globally.  

(4) Crop yields. Per Mt of methane reduction helps to avoid 29.36 and 31.12 kt of crop losses 

in the U.S. and China, respectively. Based on the previous assumption, both the U.S. and China 

can avoid around 1 Mt crop yield losses in 2030, respectively. The avoided yield losses of the 

U.S. and China, combined, in 2030 are estimated to be able to feed 25.5 million people in the 

U.S. for a year (USDA, 2021).   

(5) Coal mine safety. Coal production in China is estimated to be 1,874 million tons by 20308. 

One percent increase of CMM drainage is estimated to decrease the per million tons coal mine 

 
8 Data from this study 

https://www.zotero.org/google-docs/?2CTETq
https://www.zotero.org/google-docs/?MxTBtN
https://www.zotero.org/google-docs/?s111la
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mortality rate by 5.55-7.4% (Xu & Wang, 2017). As a result, around 100-150 coal mining deaths 

can be avoided if the CMM drainage rate increases by 1% in 2030.  

(6) Employment. The economic co-benefits of methane mitigation also can be seen in several 

key sectors. In the U.S., it has been estimated that reducing methane emissions from the oil and 

gas sector can create approximately 85,000 jobs annually for the sector (Keyser et al., 2015).  

 
Figure 5.3: Co-benefits of Methane Mitigation in 2030 Assuming Zero Methane 

Emissions9. 

 

  

 
9 Co-benefits for ground-level ozone, yield losses, hospital visits, and premature death = impact coefficient * total methane 

emissions in 2030. Co-benefits for coal mine safety = fatality rate per million tons reduction by increasing 1% gas drainage * coal 

production in 2030.  

https://www.zotero.org/google-docs/?0B44HK
https://www.zotero.org/google-docs/?c6b1Lw


Roadmap for U.S.-China Methane Collaboration: Methane Emissions, Mitigation Potential, and Policies 

98  

5.3 Policy Options 

Based on the review and analyses of the previous sections, we identify a set of policy 

recommendations to address current gaps, sectoral priorities and options, and collaborative 

opportunities for the U.S. and China. 

5.3.1 Recommendations for Current Gaps and Challenges 

● Fill existing policy gaps. Both countries need to pay more attention to the sectors that 
have not been well-covered by existing policy frameworks (federal/central-level). 
Immediate actions should be taken to initiate or accelerate the policy-making or 
legislative process for these sectors. Both the U.S. and China should fill the policy gaps 
for abandoned coal mine methane, livestock enteric fermentation and rice cultivation, 
and adopt more policies that directly address methane emissions reduction for climate 
mitigation purposes. Specifically, the U.S. should pay greater attention to coal mine 
methane, strengthen regulations on small and orphan wells, and improve MRV in the 
agriculture sector. In particular, the support for methane mitigation in the agriculture 
sector should be further specified, despite the significant amount of funding appropriated 
to the agricultural climate actions by the Inflation Reduction Act of 2022. For China, 
future policy making should put more emphasis on the oil and gas, and rural landfills and 
wastewater sectors. In addition, it is urgent to develop comprehensive and robust 
greenhouse gas reporting mechanisms and MRV systems across sectors, as well as to 
incorporate methane into the national carbon emissions trading scheme.  

● Better quantify methane mitigation targets. Both countries should set more direct and 
quantifiable targets for methane emissions reduction. However, it is also urgent to 
establish more quantifiable technology-based standards that can be implemented in the 
absence of quantitative targets. Currently, both countries do not have economy-wide 
methane emissions reduction targets. Few sectoral emissions reduction targets exist 
except for the oil and gas sector in which both countries have some level of quantified 
methane emissions reduction mandates.  

● Reinforce the co-benefits of methane mitigation and demonstrate higher ambition 
through more climate change-oriented policies. Co-benefits of methane mitigation, 
such as environmental quality, mining safety, and industrial development, have been 
primary drivers of existing actions toward methane emissions reduction. It is essential to 
reinforce those co-benefits to create larger social benefits, mobilize as many resources 
as possible, and alleviate political obstacles for methane mitigation. Nevertheless, more 
climate change-oriented policies for methane mitigation are needed for both countries, in 
contrast to the safety and pollution-oriented regulations that are already largely available 
in both countries (while still recognizing the importance and political feasibility of 
addressing those co-benefits). Climate change-oriented policies for methane mitigation 
can serve as a demonstration of higher ambitions and would provide different incentives 
for further actions.  

● Improve techno-economic information quality. Both countries need to improve the 
accuracy of techno-economic information, including inventory data and mitigation costs 
and potential. It is essential to increase confidence in historical emission estimates 
through enhanced transparency of data sources and development of localized, 
technology-specific emission factors. Increasing reporting requirements in both countries 
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for coal mines, wastewater treatment plants, landfills and oil and gas production 
equipment will help develop better emission factors and estimates of historical 
emissions. Making activity data and emission factors publicly available can help better 
understand differences among inventories. Utilizing granular emission factors and 
activity data, based on specific technologies and facility-level conditions, can help 
improve accuracy of estimates. Finding synergies between public health and safety 
outcomes ( i.e., U.S. coal mining compliance measurements) and improved monitoring 
can help realize policy action and methane mitigation co-benefits. This does not mean 
we should wait for improved data; immediate actions should be taken by incorporating 
those uncertainties into consideration. 

○ For the U.S.: (1) The compliance of the mandatory GHG reporting scheme can 
be strengthened, as underreporting of emissions data has been seen in the oil 
and gas sector. Additionally, methane emissions from landfills in the U.S. may 
also be underestimated. (2) Tracking methane emissions from the agriculture 
sector should be encouraged and can be incorporated into the existing GHG 
reporting scheme. (3) Increasing monitoring for unintended, short-term emission 
events from oil and gas production facilities. 

○ For China: (1) A methane emissions measurement, reporting and verification 
(MRV) scheme should be built across all the emission sectors as soon as 
possible. Currently there is no system to monitor methane emissions in China. 
(2) Improving the compliance of data reporting is also important, as 
underreporting of methane concentration data is still common in coal mine 
operations, which are already relatively well-prepared for methane mitigation in 
China. (3) Thorough field investigations on the abatement costs for methane 
mitigation are crucial, since non-technical and transaction costs can be large and 
may not be comprehensively considered. (4) Monitoring of emissions from 
abandoned coal mines. 

○ Both countries should take physical/geological factors, transaction costs, and 
field investigation into consideration to improve the accuracy of inventory and 
mitigation costs and potential. Both countries should deal with data 
underreporting. 

● Strengthen market mechanisms and infrastructures for methane-related 
transformation and technological innovation. Market mechanisms and robust supply 
chains for methane mitigation need to be further developed and improved for both 
countries. 

○ Carbon markets in China should open to methane emissions. Specifically, CCER 
should be restored as soon as possible. The carbon markets in the U.S. cover all 
the methane emissions sectors and have proven to be effective in forging better 
market mechanisms for methane mitigation. For both countries, carbon offset 
markets need to be further developed for methane emissions that are physically 
difficult to recover, such as the emissions from enteric fermentation and rice 
cultivation. 

○ More business models should be explored to support methane emissions with 
great utilization potential, but which are not yet fully cost-effective. For example, 
low-concentrated CMM, such as VAM, as well as sectors without clear market 
incentives, could present opportunities. Closer attention should be paid to the 
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financial conditions and constraints of small business owners associated with 
methane emissions.  

○ Supporting facilities, among other supply chain steps, need to be strengthened to 
reduce transaction costs for methane mitigation and ensure easy access for 
methane recovery and utilization with respect to pipeline networks and electrical 
power transmission. For example, in China, pipelines and electrical power 
transmission are largely monopolized by state-owned enterprises, which may 
create shortages and higher costs for necessary access to, and distribution of, 
recovered methane emissions.  

○ Mobilize private sector investments, such as venture capital and public-private 
partnerships in technologies that can prevent or directly capture and reduce 
methane emissions, such as special feed additives for cattle. In particular, public-
private partnerships have been identified as one of the most attractive 
opportunities for the development of enteric methane mitigation options. 
Collaboration between the private and public sectors is critical for identifying 
mitigation options and encouraging action by dairy sector participants, while 
continuing to improve the availability of safe and nutritious milk and dairy 
products. For example, the U.S. has a program called “The Greener Cattle 
Initiative,” that contributes to advancing the voluntary greenhouse gas reduction 
goals established by the U.S. and global dairy sectors (Tricarico et al., 2022). 

● Focus on “super emitters” and small but high-emitting sites. Both countries should 
pay significant attention to the “super emitters,” as well as the small but high-emitting 
sites that are not well covered by the existing regulatory framework, such as small 
landfills and small or orphan gas wells in the U.S. For “super emitters,” our results show 
highly concentrated emissions from gas and coal sectors (<80 Gg a-1). Small sites can 
also contribute a large share of methane emissions, as seen in some cases in the U.S. 
in gas and oil production regions, as well as landfill sites. However, they are often the 
sites lacking technical resources for accurate estimation, and are more affected by 
market risks and bankruptcy, which would lead to a large amount of unattended 
methane emissions.   

● Clarify the rationale for selecting policy toolkits and improve implementation. 
More efforts are needed to improve the policy effectiveness of methane mitigation. The 
selection of policy toolkits needs to be carefully examined: (1) Resources or pollutants. 
It is important to balance supporting policies that encourage methane utilization as an 
alternative fossil fuel with the regulatory policies that disincentivize/penalize methane-
emitting behaviors; (2) “Carrots” or “sticks”. It is essential to understand the effects of 
using “carrot” policies, such as subsidies and tax exemptions, to encourage methane 
emissions reduction, as opposed to using “sticks” policies, such as taxes and fees, to 
penalize and disincentivize methane emissions.  

Policy implementation for oil and gas sector emissions in the U.S., and for CMM and 

biogas recovery from livestock manure in China should be improved as soon as 

possible.  

 

 

https://www.zotero.org/google-docs/?IFfwOX
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● Tackle institutional barriers. Both countries should make more effort in dealing with 
institutional barriers: 

○ Resolving conflicts associated with land and mining ownership by eliminating 
restrictions on transferring rights to gas, regardless of whether it will be sold as 
gas or converted to electricity.  

○ Building capacities for less-developed regions and communities to ensure 
robust and just methane mitigation actions. In particular for China, robust 
rural governance and institutions are key to many of the methane challenges, 
including rural landfills and wastewater treatment, livestock manure 
management, livestock enteric fermentation, and rice cultivation. Policies should 
also emphasize improving benefits for the lower income communities 

○ Understanding the societal and political economy challenges. It is necessary 
to conduct a stakeholder analysis before policymaking to reduce potential 
opposition to further actions. 

● Incorporate local contexts and encourage policy experiments. There is “no one-size 
fits all” for methane mitigation. The policy agenda and policy processes should not 
simply follow a top-down approach. Rather, it is important to motivate subnational and 
nonstate actors to take initiatives. Policies will be most effective if they are tailored to 
local situations, including the political and regulatory context, the nature of the industry, 
the size and location of emissions sources, and the jurisdiction’s policy goals. 
Policymakers need to understand how these circumstances play out within the local 
context (IEA, 2021a). Policy experiments, such as demonstration projects, voluntary 
programs, and pilot cities, should be encouraged to explore the best practices for 
methane mitigation by taking local contexts into account.  

5.3.2 Recommendations for the Sectoral Priorities   

● For the U.S., the oil and gas sector and coal mine sector are low-hanging fruits  
for methane mitigation; the livestock and landfill sectors have promising opportunities 
to reduce a comparatively large amount of methane emissions at a low-cost level. Yet it 
can be challenging because of the high cost of taking further technological actions 
(livestock)  or low sectoral mitigation potential (landfills). Methane emissions from rice 
cultivation and wastewater are expensive to mitigate; however these two sectors 
account for only a small proportion of total methane emissions in the U.S. 

● For China, the coal mine sector is a low-hanging fruit. The livestock and landfill 
sectors can also reduce a comparatively large amount of methane emissions at a low-
cost level. However, more efforts should be made to reduce technological costs and 
accelerate innovation for better mitigation options. Methane emissions from the rice 
cultivation and wastewater sectors are most challenging since the mitigation costs are 
high and the total mitigation potential is relatively low compared to the emissions level.  
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● Regarding the modeling uncertainties of the abatement costs and potential, general 
suggestions on sectoral mitigation strategies are identified: 

○ For long-hanging fruit sectors, the strategy should be to ensure effective 
deployment and implementation of existing technological options. 

○ For sectors with high mitigation potential and high mitigation costs, the key 
strategy is to develop business models and proper policies to drive down 
mitigation costs. 

○ For sectors with low technological mitigation potential, the key strategy is to 
encourage technological innovation and reduce/slow emissions activities as soon 
as possible.  

5.3.3 Recommendations for U.S.-China Collaboration 

● Prioritize sectors based on collaboration readiness and mitigation potential. U.S.-
China collaboration on methane mitigation should prioritize collaborative opportunities in 
the coal mine, oil and gas, landfill, and livestock enteric fermentation sectors based on 
the assessment of collaboration readiness and potential. 

● Circular economy (CE) can be a key collaborative area. Most CE-related methane 
mitigation opportunities are in bioenergy/bioeconomy, particularly in the waste and 
agriculture sectors. Biogas derived from organics in landfills, wastewater, and livestock 
manure are directly associated with the application of CE as a way to minimize waste 
and improve utilization. Waste-to-biogas-based circular economy requires an integration 
of waste management, biogas production, and utilization and policy support (Kapoor et 
al., 2020). The other way that CE can help with methane emissions reduction in landfills 
is to use technologies such as aerobic bioreactor or semi-aerobic bioreactor to prevent 
methane production. There are several potential mechanisms by which CE may 
contribute to GHG emissions reduction and methane mitigation:  

○ Carbon sequestration and limiting methane emissions through regenerative 
agriculture, which builds up both organic soil carbon and nitrogen stocks, while 
reducing nitrogen losses with proper management. The livestock management 
system under regenerative agriculture is also effective at reducing methane 
emissions by more effective manure management, and, more importantly, from 
enteric fermentation by providing high-quality feed that is easier for livestock to 
digest and decreases the need for antibiotics. 

○ Recycling carbon through circular carbon economy (CCE). The concept and 
framework are a recent development of CE and have high-potential application 
for carbon-intensive economies. The core idea is to take carbon emissions as a 
material that can be reduced, reused, recycled, and removed within a closed-
loop system in which carbon emissions can be fully captured and sequestered, 
then chemically transformed into new products. With respect to methane 
mitigation, coal mines and the oil and gas sectors are the major methane 
emission sources for both the U.S. and China. The CCE framework has the 
potential to catalyze waste gas reduction and recovery in these sectors. This 
framework has already been adopted by Saudi Arabia and has the potential to be 
applied in other countries, including China.   

https://www.zotero.org/google-docs/?GBwfxT
https://www.zotero.org/google-docs/?GBwfxT
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● Forge conversations on policy instruments selection and regulatory frameworks. 
The U.S. and China have different strengths and weaknesses in terms of policy-making 
strategies. The U.S. has preferred regulations, including rules and laws for methane 
mitigation, whereas China has taken an industrial policy approach for methane recovery 
and utilization. In addition, both countries can collaborate on measures that can improve 
techno-economic data accuracy, such as MRV. Policy learning is important for the 
effectiveness of methane governance and policy frameworks and may be achieved 
through extensive conversations and communication between the U.S. and China. 

● Encourage subnational and non-state collaborations between the two countries, 
including cities, industries, NGOs, and research institutes. The U.S. and China already 
have significant experience in climate cooperation. Among other outcomes, the U.S.-
China Joint Announcement on Climate Change in 2014 and the establishment of the 
U.S.-China Clean Energy Research Center (CERC) were major achievements of the 
U.S.-China collaboration on climate change. There are both positive and negative 
lessons to be learned, reflecting successes as well as missteps, in the collaboration. For 
instance, at the subnational level, the state of California has developed extensive 
cooperation on low-carbon city strategies with China. Future U.S.-China cooperation on 
methane can build on these experiences and platforms in a variety of ways, such as 
sharing best practices on just transition and upskilling. 

5.4 International Practices  

In addition to the U.S. and China, other countries have taken actions on key methane mitigation 

issues. This section introduces some of the practices that several pioneering countries, 

including Canada, Australia, New Zealand, Brazil and the European Union (EU),  have adopted. 

Among these, the Canada case study is elaborated in greater detail because of its long history 

and outstanding performance in methane mitigation. 

5.4.1 Canada: Oil and Gas Sector  

In 2020, four of the five largest methane-emitting countries in the oil and gas sector were also 

on the list of the top-five oil and gas producers: Russia, the U.S., China, and Canada (IG, 2021; 

Statista, 2022). Canada performed the best on the methane emissions per unit of oil production 

score, with a level one-third of Russia’s and one-half of China’s10.  

Methane is Canada’s second largest greenhouse gas emissions, making up 13% of national 

GHG emissions (Environment and Climate Change Canada, 2020). Among all methane-emitting 

sectors, oil and gas facilities were the main industrial emitters of methane in Canada, 

contributing the largest share of national methane emissions. In 2017, they released 44% of 

Canada’s methane emissions (Government of Canada, 2020). Canadian governments, both 

 
10 In 2020, the oil production of Russia, China, and Canada was 11.49, 4.89 and 5.5 million bpd 

respectively, while the methane emissions from oil and gas of these three countries are 12,898, 3,379 

and 2,093 kt, so the methane emissions per unit of oil production sources for them are 1122.54, 630.04 

and 380.55 kt/million bpd. 

https://www.zotero.org/google-docs/?Rp4bSa
https://www.zotero.org/google-docs/?Rp4bSa
https://publications.gc.ca/site/archivee-archived.html?url=https://publications.gc.ca/collections/collection_2020/eccc/En81-4-2018-3-eng.pdf
https://www.canada.ca/en/environment-climate-change/services/canadian-environmental-protection-act-registry/factsheet-general-information-regulations-reduction-methane.html
https://www.canada.ca/en/environment-climate-change/services/canadian-environmental-protection-act-registry/factsheet-general-information-regulations-reduction-methane.html
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federal and provincial, have been actively regulating methane emissions from the oil and gas 

sector. 

Policies and Actions 

Canada’s regulation of methane emissions can be dated back to 1999, when methane was 

considered toxic under the Canadian Environmental Protection Act, 1999 (CEPA) (Government 

of Canada, 2021). Methane was regulated as a GHG in 2016, when Canada signed a joint 

statement with the U.S. and Mexico, pledging to reduce emissions by 40-45% below 2012 levels 

by 2025 (Government of Canada, 2016). At the federal and provincial levels, Canada has 

deployed different policy frameworks to mitigate methane. 

Federal level 

In 2016, the Pan-Canadian Framework on Clean Growth and Climate Change (PCF) included 

new regulations to reduce methane emissions from the oil and gas sector and confirmed the 40-

45% reduction target (IEA, 2022). The PCF was updated in late 2020 with a plan called, “A 

Healthy Environment and a Healthy Economy” (HEHE). HEHE indicates that the federal 

government will help accelerate the reduction of methane emissions with the $750 million 

Emissions Reduction Fund (ERF), which provides repayable funding to oil and gas companies 

(Government of Canada, 2022b). A portion of the funding can be forgiven based on the cost per 

tonne of emissions reductions. 

In June 2021, Canada launched a federal review of its national approach to reducing oil and gas 

methane, indicating that the federal government will refocus ERF to drive additional methane 

emissions reductions and continue to improve the quantification of fugitive methane emissions 

(Government of Canada, 2022a). In October 2021, the Government of Canada confirmed its 

support for the Global Methane Pledge, committed to developing regulations that reduce oil and 

gas methane emissions by at least 75% below the 2012 levels by 2030 (Government of 

Canada, 2022a). In March 2022, the federal government published Canada's 2030 Emissions 

Reduction Plan, highlighting the role played by science and clean technology innovation in 

facilitating mitigating methane emissions (Environment and Climate Change Canada, 2022).  

The federal government has avowed that it is making its best efforts to reduce methane 

emissions. However, the situation still varies across provinces. To avoid duplication of 

regulations, the federal government announced that it had finalized equivalency agreements 

with the provinces of Alberta, British Columbia (B.C.), and Saskatchewan in 2020, allowing their 

provincial methane regulations to replace federal regulations as long as federal methane goals 

are met (Dobson et al., 2021).  
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Provincial level 

The provinces of Alberta, British Columbia, and Saskatchewan are the top three methane 

contributors in the oil and gas sector. Each has established provincial methane regulations.  

The Alberta Energy Regulator finalized its provincial methane regulations in 2018 by making 

amendments to Directive 060 and Directive 017. Compared with federal level regulations, 

Alberta has more stringent controls and specific requirements for glycol dehydrators. However, 

for routine venting and pneumatic pumps, Alberta has weaker standards (Government of 

Canada, 2022a). Additionally, its reported methane emissions are highly underestimated, and 

the carbon pricing system it has used to abate GHG was not designed for methane and does 

not have strong measurement and reporting requirements (Gorski & Kenyon, 2018; MacKay et 

al., 2021). 

British Columbia (B.C.) amended its Drilling and Production Regulation in December 2018 to 

improve control of methane emissions from the oil and gas sector (BC Oil and Gas Commission, 

2019). B.C.’s control measures are more stringent for new facilities but have lower leak 

detection frequency for some facility types (Government of Canada, 2022a). B.C. also includes 

a thrice-yearly inspection requirement for gas processing plants, compressor stations and some 

batteries, which is more stringent than federal standards (Clean Air Institution et al., 2019). 

Saskatchewan enacted the Oil and Gas Emissions Management Regulations (OGEMR) in 

2019, which focuses mainly on company-level venting and flaring methane emissions from oil 

facilities (Government of Saskatchewan, 2021). OGEMR sets the provincial goal of reducing 

methane emissions by over 40% between 2020-2025 (Government of Saskatchewan, 2021). In 

March 2020, the provincial government amended Directive PNG036 and added LDAR (regular 

leak detection and repair) provisions, requiring companies to implement relevant programs for 

gas facilities (Government of Saskatchewan, 2021). 

Problems and Best Practices 

At all levels of government, Canada has focused mainly on a bottom-up approach to reduce 

methane emission by establishing requirements and regulations on components, activities, 

specific production, transition, and storage steps. These include targeted interventions, like 

routing emissions, replacing or controlling high emission components, and inspecting equipment 

to prevent methane leaks (Konschnik & Reuland, 2020). 

The federal government has recently been considering a market-based approach and launched 

the Greenhouse Gas Offset Credit System in June 2022. However, instead of targeting oil and 

gas methane emissions, it has mainly focused on livestock and landfills (Government of 

Canada, 2022c). At the provincial level, both B.C. and Alberta have launched relevant GHG 

offset programs , but still lack regulations modified specifically for methane (BIC, 2019; Province 

of British Columbia, 2022). 

Another successful and potentially instructive experience from Canada regulation of methane is 

the interactions between national and provincial rules. Although the federal and provincial 

https://www.zotero.org/google-docs/?2Mzto4
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governments share authority over environmental matters, the methane rules, with the help of 

equivalency agreements, managed to avoid regulatory overlap. 

Emissions Reduction Fund (ERF) 

In 2020, the federal government launched the $750 million Emissions Reduction Fund (ERF) to 

help onshore and offshore oil & gas companies reduce methane and other GHG emissions and 

to retain jobs in the sector threatened by impacts of the COVID-19 pandemic (Government of 

Canada, 2022b).  

Bluesource’s Onsite Methane Team in Alberta 

Bluesource is an organization dedicated to offering tailored sustainability strategies to climate 

actions. In Alberta, they have delivered recommendations and consultancy services to reduce 

and eliminate methane emissions from pneumatic equipment. So far, they have managed to 

reduce 68,000 tCH4
11

 by mitigating methane from pneumatic controller retrofits, instrument air, 

chemical pumps, and vent gas capture (Bluesource, 2021). 

5.4.2 Case Studies of Brazil, Australia, New Zealand and European Union 

Apart from Canada, it is also necessary to learn from other countries and regions with abundant 

methane regulation experiences, such as New Zealand, Brazil, Australia, and the European 

Union (EU). New Zealand is an example of effective mitigation in the livestock sector. Although 

it ranks 12 and 13, respectively, in terms of cattle and sheep, New Zealand was only 22 and 23, 

respectively, in terms of emissions from manure management and enteric fermentation (Cook, 

2022; EDGAR, 2018; NationMaster, 2019). Brazil launched the National Zero Methane Program 

in March 2022, which has provided a valuable reference for developing countries. Australia is 

the world’s fifth largest coal mine producer and implements a number of policies that can serve 

as a reference for other countries, especially major coal producers. Finally, the EU promulgated 

its Methane Strategy in 2020, which is the first world’s state-level methane mitigation plan. 

New Zealand: Livestock Sector 

Biogenic methane emissions have been New Zealand’s largest contribution to climate change 

since 1840 (Reisinger & Leahy, 2019). Its population of cattle and sheep is seven times its 

human population. Methane emissions from agriculture and waste account for over 40% of 

current emissions (Brown, 2022; Climate Action Tracker, 2021). New Zealand has made some 

progress in terms of methane-related research but has often been criticized for its unambitious 

targets. 

Methane, especially agricultural methane, has attracted increasing government attention in New 

Zealand. In 2002, the Ministry for the Environment administered the Climate Change Response 

Act, which regulated the methodology of methane calculation. This act was amended in 2019, 

providing a definition of biogenic methane covering all methane produced from the agriculture 

 
11 Using 100-year GWP from AR4 for conversion between CO2e and CH4 
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and waste sectors (New Zealand Ministry for the Environment, 2021). Additionally, the methane 

mitigation target was advanced, aimed at reducing biological methane by 10% by 2030 and by 

24-47% by 2050. However, this goal is comparatively less ambitious compared with targets on 

other GHGs, which aim to achieve net-zero by 2050. In 2020, the Climate Change Act was 

amended for the second time and the ministers for environment and agriculture were directed to 

prepare a report that outlines a system to price emissions from agricultural activities as an 

alternative to the emission trading scheme (ETS) by the end of 2022 (New Zealand Ministry for 

the Environment, 2021). The 2020 amendment provides financial incentives for New Zealand’s 

agricultural methane mitigation, bridging a gap in the ETS that left out agricultural methane 

(Climate Action Tracker, 2021). 

Overall, New Zealand’s actions have been criticized by the Climate Action Tracker as “highly 

insufficient” (Climate Action Tracker, 2021), in large part due to its low climate ambition and lack 

of policies. Nonetheless, the country has successfully identified its main methane emissions 

sources and addressed them with financial incentives. New Zealand’s related research has 

provided lessons for other countries. For instance, New Zealand's research on livestock 

methane mitigation has been relatively comprehensive, covering breeding, feeds, inhibitors, 

vaccines, and manure (NZAGRC, 2021). 

Brazil: Waste Sector 

Brazil is the world’s fifth largest methane emitter (Climate Watch, 2020). In 2020, Brazil emitted 

around 402,000 million metric tons of CO2e (2% of total world emissions) (GMI, 2022a). 

According to the World Bank, Brazil has produced one-third more waste since 2003; 

approximately 216,000 tons of trash are collected each day. This waste is estimated to produce 

over 1.88 MtCH4 annually, equivalent to the GHG emissions from 10 million vehicles (The World 

Bank, 2020). 

Brazil published the Zero Methane Act in 2022, only the third state-level methane mitigation plan 

after the EU and the U.S. Unlike those comprehensive plans, Brazil’s Zero Methane Act focuses 

on biogas and biomethane from urban and rural organic waste (Ran & Zhang, 2022). Brazil has 

taken comprehensive actions on the utilization of this kind of biogas and biomethane, including 

public policies, international projects, and market incentives.  

Dating back to 2004, Brazil joined the Global Methane Initiative (GMI) as a partner country and 

worked with GMI on many projects to reduce barriers to the use of methane as a clean energy 

source in the waste sector (GMI, 2022a). In 2010, Brazil finalized its National Solid Waste 

Policy, aiming to reduce total waste production at the national level and promote the 

sustainability of waste management locally and nationally (Brazil Ministry of Environment, 

2012). In 2012, the World Bank’s Carbon Partnership Facility built cooperation with Caixa 

Econômica Federal (CAIXA), the second largest public bank in Brazil, offering beneficial 

financing channels for companies to manage and regulate landfills (The World Bank, 2020). In 

2013, the Brazilian government published The Atlas of Energy Potential of Solid Waste, which 

aims to support the production of electricity through the recycling of solid waste (Abrelpe, 2013). 

In 2017, Brazil launched the National Biofuels Policy (RenovaBio), which became a key tool in 
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reducing GHGs emissions and helped Brazil fulfill its commitments under the Paris Climate 

Agreement (Brazil Ministry of Mines and Energy, 2021). RenovaBio, as a state policy, framed a 

strategy that recognizes the integral roles of all types of biofuels, including biomethane, and 

introduced market mechanisms to value the contribution of each biofuel in reducing emissions 

(Brazil Ministry of Environment, 2021). 

In 2021, following the Glasgow Climate Change Conference (COP 26), Brazil signed the Global 

Methane Pledge, making it the second largest emitter after the U.S. to join the collective 

commitment to slash emissions 30% below the 2020 levels by 2030 (Global Methane Pledge, 

2021). In 2022, Brazil launched the National Zero Methane Program, along with incentives to 

encourage methane reduction (Bezerra et al., 2022). The incentive package, “Federal Strategy 

of Incentive to the Sustainable Use of Biogas and Biomethane,” focuses mainly on: (1) 

promoting the development of carbon markets, in particular adding a specifically designed 

methane credit to the current carbon market; (2) supporting R&D of new technologies that 

facilitate the reduction of methane emissions and the more sustainable use of energy sources, 

including biogas and biomethane; (3) encouraging national and international cooperation for 

actions on methane reduction (Trench Rossi Watanabe, 2022). 

Brazil is on track to achieve its 2030 methane target. The country has focused its policy on 

biomethane emission mitigation. In the initial stage, Brazil regulated methane with other GHGs 

and controlled biomethane mainly for resource-saving and energy-reuse. But recently, in close 

international cooperation with organizations and other countries, Brazil has launched more 

specific methane mitigation policies. Today, Brazil has a relatively comprehensive methane 

pricing mechanism to stimulate business activity in reducing emissions and to underscores the 

role of technology with funding and policy support.  

Australia: Coal Sector 

Coal mines in Australia are one of the country’s primary methane-emitting sectors. In 2019, coal 

mines released 68% of total energy-sector emissions (Assan, 2022). Australia is the world’s 

sixth largest contributor of coal mine methane emissions and is rapidly rising up the ranks. 

Although it refused to sign the Global Methane Pledge, Australia has committed to achieving a 

net-zero target by 2050. Its NDC under the Paris Agreement is to reduce its carbon emissions 

by 26-28% by 2030. To achieve this goal, Australia has taken a number of policy actions. 

The NGER scheme, established by the National Greenhouse and Energy Reporting Act 2007 

(NGER Act), is a single national framework for reporting and disseminating company 

information about GHG emissions. It requires direct measurement of the amount of methane 

emitted by underground mines and to estimates of methane emission by surface mines, using 

emissions factors (NGER, 2019). 

In July 2011, Australia launched the Clean Energy Future Plan, which provides an overall 

framework for emissions abatement, including methane mitigation. The plan includes the 

implementation of a carbon-pricing mechanism, providing incentives for businesses to engage 

in activities that will reduce their emissions (GMI, 2011). The government has also developed a 

https://www.zotero.org/google-docs/?Wf12cj
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transitional assistance package, Coal Mining Abatement Technology Support Package 

(CMATSP), to support funding for technology innovation. 

The New South Wales government has also imposed regulations on coal mine methane. The 

new amendment of the Mineral Resources Act 1989 requires that pre- and post-drainage 

methane either be used or flared, rather than simply vented (State of Queensland, 2021). 

Australia is making progress on methane mitigation in the coal sector to meet its NDC. Apart 

from policy progress, the country has also carried out extensive research and cooperated with 

specific companies and projects on methane mitigation in the coal sector (GMI, 2011). However, 

Australia also has problems in underestimating emissions, a lack of relevant policies, and 

insufficient international cooperation, which needs to be improved in the future to meet its 

emissions targets (Morton, 2022).  

European Union 

The EU’s climate goal is to reduce 55% of its GHGs compared to 1990 levels by 2030, and to 

achieve carbon neutrality by 2050; these targets became legally binding in 2021 (Finland 

Ministry of Environment, 2021). 

In November 2019, the European Commission published its plans for a European Green Deal, 

making methane reduction a priority initiative (EU, 2022; European Commission, 2019). In 

October 2020, the EU published the EU Methane Strategy, the first plan specifically addressing 

methane emissions since 1996. This Strategy covers all sectors, but focuses on energy, 

agriculture, and waste. A key goal is to improve the measurement and reporting of methane 

emissions (EU, 2022; European Commission, 2019). In December 2021, the European 

Commission passed a proposal for regulation aimed at reducing methane emissions in the 

energy sector. This new act provides for: 1) improved MRV (measurements, reporting, and 

verification) of methane emissions from the energy sector; and 2) direct emissions abatement, 

through compulsory detection and repair of fugitive methane, and prohibition of methane venting 

and flaring (EU, 2021b, 2022).  

The EU also has worked with international partners to reduce methane emissions. The EU is 

actively involved in several international initiatives, such as the Climate & Clean Air Coalition 

(CCAC), under which the CCAC Mineral Methane Initiative provides an ambitious methane 

emissions measurement and reporting framework (CCAC, 2015; EU, 2022). The European 

Commission also contributes to global methane research that aims to address a lack of global 

measurement data in the oil and gas sector. For example, it has worked with CCAC, the 

Environmental Defense Fund (EDF), and the Oil and Gas Climate Initiative (OGCI) on a series 

of peer-reviewed scientific studies to measure methane emissions in the oil and gas sector (EU, 

2022). The EU also supported the establishment of an International Methane Emission 

Observatory (IMEO) with the UNEP, CCAC, and the International Energy Agency (IEA) in 

October 2021. This collaboration aims to ensure public transparency of anthropogenic methane 

emissions reporting (EU, 2021a, 2022).  
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The EU’s advantages lie in its broad network of relationships with many countries, regions, and 

organizations, smoothing the way for policies and initiatives. This network also creates 

opportunities to share best practices. 

Summary of International Best Practices 

Ensure legislative coordination. Policymaking should be based on the specific context of 

different jurisdictions to avoid policy overlap or contradiction. Canada, as a federal state, put 

forward equivalency agreements to coordinate differences in methane mitigation policies 

between the federal and provincial levels. In the EU, this role was played by the European 

Commission. 

Focus on low-hanging fruits. As shown in the above cases, all five countries and regions 

placed significant attention on the sectors which contributed the most to methane emissions. 

Although the EU Methane Strategy is a comprehensive plan, it recognizes three priority sectors. 

This approach can help realize the greatest methane reduction in the shortest amount of time. 

Respect technological innovation. Technological innovation has been an important 

component of methane reduction policies in all five of the case countries and regions. 

Therefore, R&D costs will be a key issue, and countries at different levels of development and 

with different political economies will have differential capacities. The earlier a country adopts 

effective technologies, the more benefits it will achieve from methane mitigation. 

Take advantage of market mechanisms. Methane, as both a GHG and a potential energy 

resource, can be abated using economic incentives. The case studies have shown different 

forms of such incentives, including market-based offset credits, emissions trading schemes, and 

carbon taxes. 

Develop multidimensional cooperation. Cooperation enables different jurisdictions to learn 

from each other to more effectively meet global climate goals. Cooperation exists among 

different countries and organizations (the latter includes the Climate & Clean Air Coalition and 

Global Methane Initiative). Cooperation can also be established across different sectors within a 

country. The most typical is cooperation across governments, companies, and the research 

community. Australia, New Zealand, and the EU have all underlined such cooperation in their 

methane mitigation policies. 
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Chapter 6 Conclusions 

Rapid, economy-wide reductions in methane emissions will be critical for the world to achieve  a 

1.5°C pathway. Both the United States and China have highlighted the urgency of  reducing 

methane emissions in the Glasgow Joint Declaration. However, ambitious actions by both 

countries to reduce methane will be needed to deliver reductions needed to support this high-

ambition global outcome. As two of the top three methane emitters in the world, China and the 

United States are well positioned to lead global methane mitigation efforts and collaborate on 

methane policies, technologies, and strategies. Several challenges present obstacles for 

enhanced methane abatement, including uncertainty in historical emissions estimates and 

mitigation potential, limited market mechanisms, and institutional barriers. However, there are 

opportunities for collaborative action, including identifying low-hanging fruit abatement 

opportunities and realizing co-benefits to methane emissions reduction, such as improved air 

quality and public health.  

Our results suggest prioritizing mitigation measures in coal and oil and gas production, for China 

and the United States, respectively, as these are low-cost, high mitigation potential sources that 

contribute to over one third of each country’s total methane emissions. Key areas for 

collaboration between countries are improving monitoring and measurement of methane 

emissions, developing methane emission recovery markets, and engaging in cross-country 

subnational and national conversations on regulatory frameworks for mitigation. The United 

States and China can collaborate on strategies for emissions sources prevalent in both 

countries that have high mitigation potential, and act to rapidly reduce methane emissions to 

improve our chances of limiting global temperature rise to 1.5°C.  

 

Areas of Future Research 

While this study evaluated estimates across several inventories, further research is needed to 

fully understand inventory differences. We did not evaluate the underlying assumptions for 

China’s National Communication on Climate Change estimates, and therefore cannot fully 

identify the reasons for differences between these estimates and other inventories. Comparing 

activity data, emissions factors, and proxy geospatial data across inventories would help to 

better outline differences and increase certainty in emissions estimates. Additionally, developing 

an uncertainty estimate across sectors, based on collected inventories, would help to 

understand how variation across inventories translates emissions estimates today. While we 

were able to use the EPA’s estimate of uncertainty for the U.S., we were not able to find an 

analogous estimate for China. Developing sectoral uncertainty estimates in China would help to 

inform future policy targets.  

This study used results from four modeling teams that had national level results for China, but 

we did not conduct a multi-model exercise for the U.S. Future research could evaluate pathways 

for emissions reduction in the U.S. and identify areas of uncertainty. For our results in China, we 

were unable to compare marginal abatement cost assumptions across models, which would be 
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helpful for understanding differences in model behavior. We did identify significant differences 

across modeling teams for projections about gas production in China and the mitigation 

potential in the wastewater and livestock sectors. Future research should evaluate these sectors 

in particular in China to better understand the role technology change can play in emissions 

reduction and how activity levels will change over time. 

 

 
@Image by Yves Bernardi from Pixabay 
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