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UNDERSTANDING COAL MINE METHANE SOURCES AND
MITIGATION OPPORTUNITIES IN SHANXI PROVINCE:
TECHNICAL APPENDIX

S1: Relative methane emissions estimate across cities

To estimate relative methane emissions across cities, we collected coal production methane emissions intensity data across
all cities. Coal production data was collected from Provincial Yearbooks (Shanxi Bureau of Statistics, 2023). Absolute coal
production values were plotted for all cities. For methane emissions intensity, we collected data on coal type and coal depth
from Peng et al., 2023. There are a number of other factors that could contribute to methane emissions intensity, but only
these two factors were considered in this analysis.

Depth of mine data by city was originally from National Coal Mine Methane Level Identification for 2011, by the State
Administration of Coal Mine Safety. Our team was not able to access the original source of the data. The data is the
maximum mine depth in the city, and thus may not represent the majority of mining activities in the region. To evaluate the
relationship between coal mining depth and emissions intensity, we used the slope of the analysis between coal mining
depth and emission factors from Kholod et al., 2020, which was extracted using plotdigitizer and is therefore an
approximation. The relationship between coal type and depth was not considered in this analysis. Each city ranking was set
relative to the city with the lowest coal mining depth.

Coal rank data by city was originally from Liu et al., 2015. This paper provides a database by mine type that was aggregated
to city-level using Baidu Mapping Platform in the Peng et al., 2023 analysis. Only the major coal type was considered for
each city. To estimate the relationship between coal type and methane emissions intensity, estimates for methane
absorption by coal type were collected from Wang et al., 2019, assuming the median value of temperature. Our analysis
assumes methane intensity is similar to methane absorption level. Additionally, to match coal types available in city-level
data, we assumed that lean coal is similar to the median methane absorption between meager and gas coal, and that weakly
caking coal is similar to ligneous coal.

Values for depth and coal rank were multiplied to estimate methane emissions intensity.
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Lines were added to Figure 4 to represent relatively equal CMM emissions. These were calculated using the equation: y=b/x,
where b is equal to CMM emissions.

Other conversions

Exchange rate from RMB to USD uses the State Administration of Foreign Exchange (State Administration of Foreign
Exchange, 2024).

Policy analysis

By February 2024, almost 350 policy documents from Shanxi province government websites and the government's official
policy database were gathered containing “coal mine methane (CMM)”, “coal bed methane (CBM)”, “methane gas” and
other synonyms as keywords (see appendix for additional details). This analysis then categorized them according to policy
instrument type, CMM type, and policy focus areas using methodology developed previously (Yu et al., 2022). The policy
instrument types considered in this analysis include strategies (e.g., action plans or development plans), laws and
regulations, standards and procedures, economic instruments (e.g., carbon markets, tax exemptions, or subsidies), and
voluntary programs (e.g., pilot projects and government-sponsored programs). In addition to national and provincial
policies, this analysis also evaluated city-level policies from the PKU law and policy database (PKULaw, 2024). By February
2024, more than 1000 city-level policies were collected and a similar methodology was adopted. Please see tables below
with examples of policies collected.

Table S1. Shanxi Provincial Key Policies by Policy Focus.

Policy focus | Policies

Energy Shanxi Province Coal Industry Adjustment and Revitalization Plan (Government of Shanxi, 2009b)
Opinions on Accelerating the Development of the Coalbed Methane Industry(Government of Shanxi, 201 3)
Shanxi Province’s “12th Five-Year Plan” for the Development of Emerging Energy Industries (Government
of Shanxi, 2014c)

Shanxi Province Low Carbon Innovation Action Plan (Government of Shanxi, 2014b)

Shanxi Province Coal Mine Gas Drainage Full Coverage Project Implementation Plan (Government of
Shanxi, 2015)
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Shanxi Province’s “13th Five-Year Plan” Strategic Emerging Industry Development Plan (Government of
Shanxi, 2016b)

Dispute Resolution Methods for Overlapping Areas of Coalbed Methane and Coal Mining Rights in Shanxi
Province (Trial) (Government of Shanxi, 2016a)

Shanxi Province’s Implementation Plan for Deepening Coalbed Methane (Natural Gas) System Reform
(Government of Shanxi, 2018)

Notice on Matters Related to Carrying out Coalbed Methane Drainage Tests in Coal Goafs (Abandoned
Mines) (Department of Natural Resources of Shanxi Province, 2019)

Shanxi Province’s 2021-2025 Mineral Resources Overall Plan and Coalbed Methane Resource Exploration
and Development Plan (Government of Shanxi, 2023c)

Guiding Opinions on Promoting Comprehensive Utilization of Coal Mine Gas (Shanxi Provincial Energy
Administration, 2022)

Shanxi Province Carbon Peak Implementation Plan (Government of Shanxi, 2023b)

Notice on Further Accelerating the Comprehensive Utilization of Low-concentration Gas in Coal Mines
(Shanxi Development and Revolution Commission, 2024)

Safety

Notice on Conscientiously Implementing the Spirit of the Provincial Emergency Telephone Meeting on
Coal Mine Safety Production (Government of Shanxi, 2003)

Implementation Opinions on Accelerating the Comprehensive Management and Utilization of Coal Mine
Gas (Government of Shanxi, 2007)

Notice on Strengthening Safety Management of Coal Mine Construction Projects (Government of Shanxi,
2009a)

Notice on Several Provisions on Further Strengthening the Prevention and Control of Coal Mine Gas
(Government of Shanxi, 2011b)

Opinions on Further Strengthening Coal Mine Safety Production Work (Government of Shanxi, 2014a)
Shanxi Province Coal Mine Gas Drainage Full Coverage Project Implementation Plan (Government of
Shanxi, 2015)

Three-year Action Plan for Special Campaign of Production Safety in Shanxi Province (Government of
Shanxi, 2020)

Climate

Implementation Opinions on Accelerating the Comprehensive Management and Utilization of Coal Mine
Gas (Government of Shanxi, 2007)

Shanxi Province’s Measures to Address Climate Change (Government of Shanxi, 2011a)

Shanxi Province Low Carbon Innovation Action Plan (Government of Shanxi, 2014b)
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Opinions on Promoting Green Coal Mining in the Province (Government of Shanxi, 2023a)

Guiding Opinions on Promoting Comprehensive Utilization of Coal Mine Gas (Shanxi Provincial Energy
Administration, 2022)

Shanxi Province Carbon Peak Implementation Plan (Government of Shanxi, 2023b)

Shanxi Province’s Unconventional Natural Gas Industry Carbon Peak Implementation Plan (Shanxi
Provincial Energy Administration, 2023)

Notice on Further Accelerating the Comprehensive Utilization of Low-concentration Gas in Coal Mines
(Shanxi Development and Revolution Commission, 2024)

Table S2. Shanxi City-level Key Policies.

City

Policies

Shuozhou

Shuozhou Coal Industry Adjustment and Revitalization Planning Implementation Plan (Government of
Shuozhou, 2009)

Shuozhou Interim Measures for the Use and Management of Special Funds for Technological
Transformation (Government of Shuozhou, 2019)

Shuozhou Main Responsibilities Internal Organization and Staffing Regulations (Government of Shuozhou,
2015)

Shuozhou 13th FYP for Climate Change Response (Government of Shuozhou, 2018)

Changzhi

Changzhi City Coalbed Methane (Natural Gas) Comprehensive Development and Utilization Management
Measures (Government of Changzhi, 2008)

Datong

Datong Air Pollution Prevention and Control Action Plan (Government of Datong, 2014)

Lvliang

Implementation Opinions on Accelerating the Development and Utilization of Coalbed Methane
(Government of Lvliang, 2013)

Lvliang City Low Carbon Innovation Action Plan (Government of Lvliang, 2014)

Lvliang Implementation Opinions of the Development Plan for the Utilization of Coalbed Methane (Natural
Gas) (Government of Lvliang, 2015b)

Implementation Plan for the Project Quality and Efficiency Improvement Year (Government of Lvliang,
2015a)

Lvliang Mineral Resources Master Plan (2021-2025) (Government of Lvliang, 2023b)
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Lvliang Carbon Peak Implementation Plan (Government of Lvliang, 2023a)

Jincheng

Opinions on Readjusting the Division of Responsibilities of the Coalbed Methane Management Leading
Group Office and Various Coalbed Methane Management Departments (Government of Jincheng, 2013)
Notice on Issuing the Jincheng City 2016 “1533” Industrial Action Plan (Government of Jincheng, 2016)
Opinions of the General Office of the People’s Government of Jincheng City on the Implementation of the
“Shanxi Province Coalbed Methane Resources Exploration and Development Plan (2016-2020)”
(Government of Jincheng, 2017)

Xinzhou

Xinzhou City Coal Mine Gas Extraction Full Coverage Project Implementation Plan (Government of
Xinzhou, 2015)

Notice on the Establishment of a Supervision and Management Mechanism for Coalbed Methane Mining
Rights (Government of Xinzhou, 2017)

Xinzhou City's “13th Five-Year Plan” Comprehensive Energy Development Plan (Government of Xinzhou,
n.d.)

Jinzhong

Implementation Opinions on the Development of Coalbed Methane Industry (Government of Jinzhong,
2011a)

Take the Lead in Promoting the Implementation of Urban and Rural Ecology (Government of Jinzhong,
2011b)

Implementation Plan for the Implementation of the Action Plan for the Prevention and Control of Air
Pollution (2013-2017) (Government of Jinzhong, 2013)

Jinzhong City Energy Development Strategy Implementation Plan (Government of Jinzhong, 2015)

Linfen

Linfen Low-Carbon Innovation Action Plan (Government of Linfen, 2014)

Opinions on Further Accelerating the Work of Linfen City as a Comprehensive Demonstration City of
National Energy Conservation and Emission Reduction Fiscal Policy (Government of Linfen, 2015b)
Linfen City Coal Mine Gas Extraction Full Coverage Project Implementation Plan (Government of Linfen,
2015a)

Yangquan

The 13th Five-Year Development Plan for Industry and Information Technology of Yangquan City
(Government of Yangquan, 2016)

Yangquan City's “14th Five-Year Plan” for High-quality Industrial Development (Government of Yangquan,
2021)

Yangquan City's 2021-2025 Mineral Resources Master Plan (Government of Yangquan, 2023)
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