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Abstract

Coalbed methane extraction holds significant importance in the energy sector, yet
its extraction process and potential environmental impacts cannot be overlooked.
This paper reviews the current state of coalbed methane extraction technology
and its environmental implications. Through analysis of coalbed methane
formation, extraction techniques, resource distribution, and environmental
effects, it summarizes the challenges facing coalbed methane extraction today and
future development trends. Subsequently, it discusses potential environmental
issues arising from CBM extraction, such as increased geological hazard risks and
groundwater contamination. To address these concerns, the paper outlines
common environmental protection measures and technical approaches, including
water resource management and methane emission control. Subsequently, the
environmental impacts of coalbed methane extraction are explored in depth,
ex-amining both the consistency and discrepancies among different studies.
Finally, future research directions are proposed, including improvements in
environmental monitoring technologies, refinement of environmental
management policies, and the development of novel eco-friendly technologies.
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1. Introduction

With the development of the global economy and population growth, the demand

for energy continues to rise. Traditional energy resources such as coal, oil, and
natural gas face increasingly severe supply pressures. Therefore, the search for new
energy resources holds significant importance. Coalbed methane (CBM) is natural
gas adsorbed within coal seams, trapped in the pores of coal bodies, or dissolved
within coal. Its primary component is methane. Globally, CBM resources are
abundant and possess enormous development potential. Particularly in coal-rich
regions, CBM extraction has emerged as a highly regarded energy development
approach. As environmental pollution and climate change become increasingly
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prominent concerns, the development and utilization of clean energy have taken
center stage globally. Compared to traditional coal combustion, CBM extraction
generates fewer pollutants during the extraction process, making it a relatively
clean energy source that aligns with the global trend of energy transition.

CBM extraction not only provides energy supply but also creates employment
opportunities and promotes local economic development. Simultaneously, it reduces
reliance on imported energy, enhancing energy security. As a vital clean energy
resource, coalbed methane holds significant importance for energy structure
adjustment and environmental protection.

Continuous advancements and innovations in coalbed methane extraction
technology have steadily improved efficiency and reduced costs. However, concerns
are growing regarding extraction methods and associated environmental issues.
Therefore, in-depth research on CBM extraction technologies and their
environmental impacts is essential to promote the healthy development of the CBM
industry. Concurrently, technological advancements will drive the refinement and
implementation of environmental protection measures, further meeting energy
demands, advancing energy transition, and achieving sustainable development.

This paper employs a literature review methodology, compiling and organizing
relevant domestic and international literature on CBM formation, extraction, and

environmental impacts, followed by synthesis and analysis.
2. Formation and Distribution of Coalbed Methane

2.1. Formation and Evolution of Coalbed Methane

The formation of coalbed methane began in ancient times. Local plant remains and
organic matter accumulated in wetland environments to form peat. Through
prolonged compaction and pyrolysis, this peat gradually transformed into coal.
Within coal strata, the organic matter in coal undergoes pyrolytic reactions due to
underground temperature and pressure, generating gases primarily composed of
methane. The generated methane partially dissolves within the coal matrix and
partially adsorbs into its pores, forming CBM reservoirs. CBM migrates through the
formation via pore flow and diffusion into surrounding spaces. Under suitable
geological conditions, methane accumulates within coal seams to form coalbed
methane fields.

2.2. Influence of Coalbed Methane Geological Conditions

Geological conditions of deep and shallow coal seams exhibit significant differences.
Moving from the basin margin toward the center, as burial depth increases, coal
seam temperature and pressure gradually rise, coal maturity progressively
increases, water content gradually decreases, and the gas phase within the coal
seam transitions from predominantly adsorbed gas to a coexistence of adsorbed and
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free gas. The stress field shifts from being dominated by horizontal stresses to being
dominated by vertical stresses, while the porosity and permeability of the coal
reservoir gradually decrease. Deep coal reservoirs primarily rely on endogenous
fractures (joint systems) as flow pathways, while shallow reservoirs may develop
dual-permeability channels through pores and fractures. Consequently, deep
coalbeds predominantly produce gas-phase fluids with minimal water yield,
whereas shallow coalbeds exhibit substantial water production, progressing
through three distinct phases: monophasic water, gas-water two-phase, and
gas-phase production. Under high-temperature, high-pressure conditions at certain
depths, methane coexists in adsorbed and free states. In such coal reservoirs,
vertical stress causes extreme compression of pore-fracture spaces, resulting in
minimal water content and extremely high mineralization. Endogenous fractures
serve as the primary flow pathways, with gas production occurring through
microfractures [1].

The formation of coalbed methane involves a complex geochemical process.
Geological conditions such as tectonics, coal seam thickness, porosity, and
permeability significantly influence its formation and distribution. Coalbed methane
fields formed under different geological conditions exhibit varying gas production
potential and extraction difficulty.

2.3. Distribution of Coalbed Methane

Coalbed methane is primarily stored within coal seams and is closely associated
with coal resources. Compared to other natural gas resources, coalbed methane is
typically found in shallower strata, generally at burial depths ranging from 200 to
1200 meters, providing relatively favorable conditions for extraction. Coalbed
methane resources exhibit widespread distribution, with discoveries and
development occurring in numerous countries globally. Despite this broad
distribution, resource abundance and recoverability vary significantly across
regions. The formation and enrichment of coalbed methane are influenced by
multiple geological factors, including tectonic structures and sedimentary
conditions. Due to this geological diversity, coalbed methane exhibits distinct
variations in its occurrence, reservoir conditions, and state of occurrence. The
distribution of CBM resources across different regions exhibits distinct regional
characteristics, including variations in field size, gas composition, and extraction
technology requirements.

The eastern margin of the Ordos Basin (Eastern Ordos Margin) is a key area for deep
coalbed methane development in China. It features extensive distribution of deep
coal systems, substantial thickness, strong cyclicity, diverse lithological assemblages,
and distinct reservoir patterns, establishing a solid foundation for deep coalbed

methane resources [4].

Table 1. Comparison of Key Parameters for Representative Coalbed Methane Reservoirs
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Domestically and Abroad

Average Autonomous
. Free Gas Adsorbed Water-Gas Liquid-Carryi
Burial Pressure . Gas .
Block | pepth (m) | Coefficient | 29" | Fraction Ratio ng
epth Am/ ) Loetliclen (%) (m3-10,000 | Production
(%) 3
m™3) Cycle
Deep
coalbed 1 5000-2500 | 0.91-1.02 20 80 16.6 3-5 months
Methane in
Daiji Block
Shallow
Coalbed 1 9001500 | 0.80-0.90 | 0-5 >95 20.9 0
Methane in
Daiji Block
Weiyuan
Block Shale | 1500-4500 | 1.20-2.00 81 19 5 1.0-1.5 years
Gas
Sulige
Tight
3000-3500 | 0.80-0.90 100 0 0.8 2.0-3.0 years
Sandstone
Gas

Compared with typical coalbed methane reservoirs in China and abroad listed in
Table 1 (Zeng Wenting et al,, 2024), the Daiji Block exhibits coal seams buried at
twice the depth and reservoir temperatures exceeding those of other coalbed
methane reservoirs worldwide. It features a higher pressure coefficient, a free gas
fraction four times greater than other reservoirs, and a well-developed coal body
structure.

3. Coalbed Methane Extraction and Its Impact

3.1. Coalbed Methane Extraction

Overseas coalbed methane reservoirs are characterized by shallow burial depth,
substantial thickness, and high permeability. Development primarily employs
vertical wells and multi-branch horizontal wells, with screw pumps and rod pumps
from pumping units serving as the main lifting technologies. The extraction strategy
follows a “dewater first, then produce gas” approach, typically operating at depths
below 1,000 meters. Domestic CBM reservoirs exhibit complex formation conditions,
characterized by poor coal quality and low permeability. Well types predominantly
consist of vertical wells supplemented by horizontal wells. Rod pumping systems
from surface-mounted pumping units form the core lifting technology, while
hydraulic rodless pumps and electric submersible screw pumps are primarily
employed for horizontal well lifting. Extraction depths generally remain below
1,500 meters, adhering to the extraction philosophy of “slow, stable, continuous, and
long-term”.

Reviewing China's CBM exploration and development history reveals four distinct
phases (Wu Yugen et al,, 2024). Since the 14th Five-Year Plan period, China has
entered a new phase of large-scale deep CBM development, with production growth

accelerating significantly.
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Figure 1. Phases of Coalbed Methane Exploration and Development in China and Production
Growth Chart

According to preliminary statistics, China's coalbed methane production reached
approximately 71 x 10® m? in 2022. with an average annual growth rate of 11.0%
between 2020 and 2022. This significantly surpassed China's average annual growth
rate of 5.4% during the 13th Five-Year Plan period and exceeded the average annual
growth rates of conventional natural gas (6.4%) and shale gas (8.6%) during the
same period. This indicates that China's coalbed methane exploration and
development has entered a new phase of rapid development [5].

In the initial phase, coalbed methane was primarily released through traditional coal
mining processes, which proved inefficient and difficult to control. With
technological advancements, researchers have developed more efficient and
environmentally friendly extraction methods. Fracturing technology involves
injecting high-pressure water or liquid mixtures into coal seams to expand fractures,
enhance gas permeability, and promote gas release and production. This technique
increases coalbed methane output and extraction efficiency, applicable to coal
seams across various geological conditions. However, these techniques involve high
technical complexity and challenging implementation, requiring skilled personnel
and specialized equipment. They also carry risks of groundwater contamination or
waste, necessitating rigorous environmental safeguards and monitoring. In recent
years, researchers have explored more sustainable extraction approaches, such as

CO, displacement technology and microbial gasification.

3.2. Impacts of Coalbed Methane Extraction

Coalbed methane is a relatively clean energy source. Its extraction and utilization
can reduce dependence on traditional fossil fuels, help decrease greenhouse gas
emissions and improve air quality, provide more diverse options for energy supply
systems, and lower the risks and uncertainties associated with energy supply. By
extracting coalbed methane, local energy supply security can be enhanced, reliance
on external energy sources reduced, and the stability of energy supply ensured.
However, the extraction process still causes damage to the underlying environment.
Chemicals and water used in CBM extraction may leak or seep into groundwater and

surface water, causing water pollution. Chemical additives employed in hydraulic
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fracturing, in particular, may contain toxic substances posing potential threats to
water quality. CBM extraction releases pressure within underground coal seams,
disrupting their structural integrity and triggering ground subsidence. This can
damage and deform surface structures, infrastructure, and landforms. Mechanical
equipment and blasting operations during extraction may generate noise and
ground vibrations, disrupting the lives of nearby residents and wildlife, thereby
affecting biodiversity and ecosystem balance.

Coalbed methane extraction can have multifaceted environmental impacts. Effective
environmental protection measures and regulatory oversight must be implemented
during extraction to minimize adverse effects and achieve sustainable development
and utilization of coalbed methane resources.

4. Challenges in Coalbed Methane Extraction

4.1. New Frontier Exploration

The resource potential of deep coalbed methane remains to be systematically and
thoroughly evaluated. Current priorities include gaining a deeper understanding of
the scale of deep coalbed methane resources, identifying favorable regions and
stratigraphic sequences, and assessing future growth potential for reserves and
production. This will provide a basis for industrial planning and policy formulation,
while guiding exploration and development efforts by coalbed methane enterprises.
Systematic and in-depth research is needed for evaluating deep coalbed methane
reservoirs. For a long time, deep formations have been considered off-limits for CBM
exploration and development, with limited geological data and development
insights. Currently, deep CBM exploration and development remain in the early
stages of localized breakthroughs. The lack of systematic, in-depth research on key
issues—such as the physical properties of deep coal seams, methane occurrence
states and gas content, detailed reservoir evaluation, enrichment and accumulation
patterns, and gas-water flow mechanisms—constrains the large-scale exploration
and development of deep CBM.

4.2. Resource and Environmental Issues

Coalbed methane extraction may trigger geological hazards such as coal and gas
outbursts and coal seam fires, posing threats to miner safety and production. The
extraction process typically requires substantial water resources for techniques like
hydraulic fracturing, potentially exacerbating regional water scarcity, particularly in
arid areas. CBM extraction may impact groundwater quality and surface
environments, including groundwater contamination and ground subsidence.

Effective environmental protection measures are essential to mitigate these effects.

4.3. Technical Challenges
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Although CBM extraction technology has reached relative maturity, challenges
persist in complex geological conditions such as deep deposits, high gas content, and
low permeability. Particular emphasis lies on continuous technological innovation
and refinement to enhance recovery rates, reduce extraction costs, and improve
operational safety.

Reservoir modification technologies remain largely in the research and
development phase. Volume fracturing serves as a key technique for boosting
per-well CBM production and developing complex and deep coalbeds. Its successful
implementation depends on factors such as coalbed geological characteristics,
physical properties, and fracture development. The prevailing approach for CGM
reservoir enhancement involves “large fluid volumes, high flow rates, and
substantial proppant quantities.” However, there remains a lack of theoretical
understanding and technical frameworks for optimizing fracturing parameters
based on geological conditions, as well as a deficiency in systematic methodologies
for optimizing fracturing well networks in CGM horizontal wells. Prior to large-scale
development of deep coalbed gas through hydraulic fracturing, systematic and
in-depth research is still required in fundamental reservoir modification theory,
process technology systems (such as fracturing fluids conducive to reservoir
protection), development of efficient fracturing tools and supporting equipment,
and pilot project testing. This will enable continuous iteration and upgrading of
development technologies.

4.4. Market Dynamics

Global energy market shifts—such as natural gas price fluctuations and renewable
energy expansion—may impact CBM market demand and pricing, posing challenges
to the industry's development and profitability. In recent years, support for the CBM
sector has diminished. Some enterprises report subsidies have fallen to
approximately 0.1 yuan/m?, a significant reduction from the previous standard of
0.3 yuan/m?. Furthermore, the lengthy and multi-step review process for subsidy
applications complicates policy implementation, highlighting the need for enhanced
industry support. The CBM industry is at the starting point of advancing toward
deep-level, large-scale development. Addressing these challenges requires joint
efforts from the government, enterprises, and research institutions. Support for
industrial development should be strengthened to incentivize enterprises to
increase investment and R&D enthusiasm, enhance technological innovation,
strengthen supervision, and improve policy support. Simultaneously, emphasis
should be placed on sustainable development to ensure CBM extraction harmonizes

with environmental protection and social harmony.

5. Discussion

In the discussion section, we conducted an in-depth examination of coalbed
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methane extraction technologies and their environmental impacts, comparing and
analyzing them with prior research. We conclude that while coalbed methane
extraction does pose certain environmental effects, technological innovation and
policy support can effectively mitigate its environmental impact.

Table 2. Comparison of Key Theoretical Technologies for Coalbed Methane Exploration and

Development During China's 13th and 14th Five-Year Plans

Category 13th Five-Year Plan 14th Five-Year Plan
Key Research Primarily medium-to-shallow coalbed Primarily deep coalbed methane
Areas methane (500-1200m) (>1500m)
Reservoir Characteristics: Primarily Reservoir Characteristics: Coexistence of
methane-adsorbed gas (over 90%), adsorbed and free gas, with free gas
Geological with minimal free gas; Gas content: accounting for 20%-40%; Gas content:
Understanding Average 12.4 m?/t; Sweet spot Average of 25.2 m3/t; Sweet spot
identification: Primarily based on identification: Research primarily based
logging, well logging, and 2D seismic on 3D seismic, logging, and well logging
data; Limited 3D seismic data data, with abundant 3D seismic data
Completed well types: Primarily Completed well types: Primarily
vertical and directional wells, with few “L”-shaped horizontal wells, with few
Drilling horizontal wells; Well structure: vertical and directional wells; Well
Engineering Three-stage drilling; Well construction structure: Two-stage drilling;
cycle: Approximately two months for Construction Cycle: Reduced by over
horizontal wells 30% compared to previous phases
Fracturing Approach: Primarily Fracturing Concept: Primarily
conventional fracturing; Operation ultra-large-scale maximum-volume
Fracturing Scale: Medium-to-low flow rate (7-12 fracturing; Construction Scale: High flow
Process m?/min), medium-to-low fluid volume rate (14-18 m®/min), high fluid volume
(<10,000 m?/well), medium-to-low (>20,000 m®/well), high sand volume
sand volume (30-70 m*/stage) (300-450 m®/stage)
Production Philosophy: Rapid initial
Production Philosophy: Initial return of fracturing fluid, stable liquid
well-sealing, gradual, long-term; level and enhanced desorption in
Production Production Technology: Dual-control mid-to-late stages; Production
Management stepwise regional pressure reduction Technology: Full-lifecycle production
technology; Production Equipment: model; Production Equipment: Primarily
Primarily rod-pump sucker units rodless pumps such as electric
submersible screw pumps
Low gas production rates, with vertical High gas production: Vertical and
Gas and directional wells typically yielding directional wells typically produce
Production 300-2000 m®/day; Horizontal wells 3,000-20,000 m*/day; horizontal wells
Performance typically produce 3,000-10,000 typically produce 30,000-100,000
m?/day m?/day

Based on the comparison table of key theoretical and technical aspects (see Table 2)
(Wu Yugen et al., 2024) and advancements across other domains, the development
trajectory of coalbed methane will progressively advance toward a more mature
and sustainable path in areas such as technological innovation, sustainable
development, diversified applications, international cooperation, and policy support.
This will render coalbed methane extraction safer, more efficient, and
environmentally friendly, thereby providing a crucial sustainable option for
addressing energy security, promoting economic growth, and protecting the
environment.

6. Conclusion

Since the commencement of the 14th Five-Year Plan period, China's coalbed

methane (CBM) exploration and development have entered a new phase. Significant
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breakthroughs have been achieved in exploring and developing new areas and
strata such as deep coal seams and thin coal seams. Production enhancement and
transformation in mature fields have yielded remarkable results. Development
technologies and equipment systems have undergone continuous innovation,
leading to substantial increases in per-well output. Policies such as streamlining
administration, delegating power, and improving services, along with the “dual
carbon” goals, have further propelled the growth of the CBM industry [5].

Moving forward, CBM extraction technologies will undergo continuous innovation
and enhancement. Advancements in science and technology will drive the
emergence of more efficient and environmentally friendly extraction methods,
including hydraulic fracturing, horizontal drilling, and CO; injection. Concurrently,
the application of emerging technologies such as artificial intelligence and big data
will further elevate the efficiency and precision of CBM exploration and extraction.
On the other hand, environmental protection will become a paramount priority in
CBM extraction. As societal concern for environmental issues grows, CBM extraction
enterprises will heighten their environmental awareness, implement stricter
environmental management measures, minimize environmental impacts during
extraction, and commit to achieving sustainable development in CBM extraction.
Policy Support and Regulation Governments worldwide will continue to implement
policies supporting CBM extraction to foster its healthy development. Concurrently,
regulatory oversight of CBM operations will be strengthened to ensure compliance,
environmental protection, and safeguarding of public interests and environmental
safety.

Globally, exchanges and cooperation in CBM extraction technologies and
experiences will intensify. Countries can jointly address environmental and
technical challenges through technology sharing and collaborative R&D, achieving
mutual benefits. As the global energy transition advances, CBM will see broader
application as a clean energy resource. Beyond supplying urban natural gas, it can
be utilized for power generation, industrial production, and other sectors,
contributing to energy diversification. The CBM industry will further integrate
scientific and technological innovation to drive industrial chain upgrades and value
chain extensions. Simultaneously, it will emerge as a key sector for attracting
investment and talent, spurring economic growth and creating employment
opportunities.

As avital clean energy resource, CBM holds broad future prospects. It will encounter
new opportunities and challenges in technological innovation, environmental
protection, and policy support, making positive contributions to advancing global
energy transition and sustainable development while achieving sustainable growth
for the CBM industry.
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