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Abstract: The properties of coal rocks play a crucial role in coalbed methane (CBM) development. Research indicates that 
coal rock types, maturity, and pore structure directly shape the storage and release characteristics of CBM. The diverse micro-
pore structures impact the gas storage capacity in coal seams, influencing extraction efficiency. Furthermore, variations in coal 
rock permeability directly affect gas mobility underground, exerting a decisive impact on extraction outcomes. A comprehensive 
understanding of coal rock properties facilitates the optimization of development strategies, aiding in the selection of appropriate 
enhanced permeability techniques to increase CBM production and recovery rates. This research holds significant importance in 
driving technological innovation, sustainable development, and optimizing resource utilization in the coalbed methane industry. 
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1. Introduction 
Against the backdrop of rapidly growing energy demands, 

coalbed methane (CBM) has garnered significant attention as 
a clean energy resource. As a source of natural gas, CBM not 
only contributes to energy supply but also plays a vital role in 
reducing greenhouse gas emissions. However, the efficient 
development and utilization of CBM are influenced by coal 
rock properties, making research on the relationship between 
coal characteristics and CBM extraction crucial[1]. 

Through the analysis of CBM development cases from both 
domestic and international sources, we demonstrate the role 
and impact of coal rock properties in practical extraction. 
Finally, we explore future trends in CBM development, 
offering novel perspectives and insights for research and 
practices in this field. 

2. Fundamental Properties of Coal 
Rocks 

2.1. Properties of coal rocks 
Coal rock refers to sedimentary rock with coal-bearing 

characteristics, composed primarily of organic macerals and 
inorganic minerals. Its fundamental properties govern both 
gas storage capacity and production potential in coalbed 
methane (CBM) development. 

Coal rocks primarily form from plant debris through 
biochemical degradation and compaction. Over geological 
time, these organic remains undergo successive processes 
including burial, thermal maturation, and pressure-induced 
metamorphism, ultimately transforming into coal. The 
chemical composition of coal is dominated by carbon (the 
predominant constituent), along with hydrogen, oxygen, 
nitrogen, and sulfur. Additionally, coal contains variable 
amounts of mineral matter such as quartz, feldspar, and clay 
minerals, with concentrations varying among different coal 
types. Structurally, coal rocks typically exhibit stratified 
bedding and occur as distinct coal seams. Their physical 
properties - including density, porosity, and mineral 
composition - critically govern coalbed methane (CBM) 
reservoir characteristics by influencing gas migration patterns 
and storage mechanisms. The geological architecture of coal-

bearing formations, particularly structural features including 
dip angles, folds, and fault systems, fundamentally controls 
both the spatial distribution of coal reservoirs and the 
technical approaches required for efficient CBM extraction. 
These structural elements significantly impact development 
strategies and production efficiency[2]. 

Coals exhibit variable colors (e.g., brown to black), which 
reflect their maturation degree and hydrocarbon generation 
potential. While typically soft, coal transforms into harder 
coke under elevated temperatures and pressures. Although 
generally electrically insulating, coal may demonstrate 
localized conductivity when enriched with metallic minerals. 

In summary, the fundamental properties of coal rocks 
encompass multiple aspects including their formation 
processes, composition, structural features, physical 
characteristics, and practical applications. These properties 
interact synergistically to collectively determine the gas 
storage capacity, production potential, and recovery 
efficiency of coalbed methane (CBM) reservoirs. A thorough 
understanding and optimization of these properties are crucial 
for CBM development, as they directly enhance both 
extraction efficiency and economic viability. Furthermore, 
these characteristics provide essential guidance for coal 
exploration, mining operations, and utilization strategies[3]. 

2.2. Current status of coal rocks in China 
China, as one of the world's largest coal producers, has 

maintained consistently high coal rock output for decades. 
However, in recent years, driven by environmental concerns 
and energy structure optimization policies, the country has 
been progressively reducing its reliance on coal while actively 
promoting clean energy development. China's coal resources 
are widely distributed across the nation, with particularly 
concentrated deposits in northern provinces such as Shanxi, 
Shaanxi, and Inner Mongolia, which constitute the country's 
most significant coal production bases. Concurrently, the 
Chinese government has implemented comprehensive clean 
energy initiatives and environmental protection policies. 
Recognizing that coal combustion generates substantial air 
pollutants and greenhouse gases, China has made concerted 
efforts to decrease coal dependence, enhance coal utilization 
efficiency, and accelerate clean energy adoption. The coal 
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industry has undergone substantial technological upgrades to 
improve efficiency in mining, washing, and transportation 
processes while minimizing environmental impacts. Through 
a series of strategic policies and development plans, the 
Chinese government is committed to fostering clean energy 
alternatives including natural gas, nuclear power, and 
renewable energy sources, while simultaneously optimizing 
coal utilization methods to maximize efficiency in this 
transitional energy phase. 

3. Formation and Distribution of 
Coalbed Methane 

Coalbed methane (CBM) is a naturally occurring gas 
trapped within coal seams, primarily composed of methane 
with minor amounts of other hydrocarbon gases. 
Understanding its formation mechanisms, distribution 
characteristics, and storage conditions is critical for the 
efficient development and utilization of CBM resources[4]. 

3.1. Genetic mechanisms of coalbed methane 
The generation of CBM is closely associated with the 

thermal evolution of organic matter in coal. During geological 
evolution, organic matter undergoes a series of 
transformations—including kerogen formation, lignitization, 
and coalification—driven by geothermal heating and 
overburden pressure. These processes are accompanied by the 
release of gases, predominantly methane. Thermal cracking 
and polymerization reactions of organic matter lead to the 
formation of CBM in coal seams.The pore structure of coal 
plays a critical role in CBM generation and storage, 
comprising micropores, fractures, and macropores. The gases 
produced during the thermal evolution of organic matter 
migrate and diffuse through these pore networks, ultimately 
contributing to CBM accumulation. Additionally, mineral 
matter in coal participates in geochemical reactions that 
further influence CBM generation. 

3.2. Distribution and storage characteristics of 
coalbed methane 

CBM exhibits distinct distribution patterns primarily 
controlled by geological structures, coal seam properties, and 
diagenetic processes. Typically, CBM demonstrates stratified 
distribution characteristics, with notable variations in gas 
productivity and composition across different coal horizons. 
Furthermore, CBM occurrence is significantly influenced by 
burial depth and the pore structure characteristics of coal 
seams. 

Geological structures exert significant controls on both the 
generation and spatial distribution of coalbed methane (CBM). 
In tectonically active regions, structural deformation through 
uplift and compaction critically modifies gas storage 
conditions in coal seams. Furthermore, structural 
discontinuities serve as preferential migration pathways, with 
most CBM enrichment zones being associated with well-
developed structural belts[5]. 

CBM primarily exists in pore storage systems, where 
micropores and fractures within coal seams serve as the 
dominant storage spaces, with micropores playing a critical 
role in hosting the majority of the gas. The storage capacity 
varies significantly depending on the pore structure 
characteristics and porosity of different coal seams. 
Additionally, CBM is stored through adsorption onto coal 
surfaces, where gases released during the thermal evolution 

of organic matter form stable adsorbed-phase methane 
through surface interactions. This adsorbed gas maintains 
relatively stable retention within the coal matrix. 

The storage conditions of CBM are governed by multiple 
factors including temperature, pressure, and pore structure 
characteristics. Generally, both gas generation and storage are 
influenced by in-situ geothermal gradients and formation 
pressures, with moderate temperature-pressure conditions 
proving most favorable for CBM preservation. Furthermore, 
the pore architecture of coal seams and gas adsorption 
characteristics constitute critical determinants of storage 
efficiency[6]. 

4. Impacts of Coal Rock Properties on 
Coalbed Methane Development 

The exploitation of coalbed methane (CBM) is directly 
governed by coal rock characteristics, where pore structure, 
permeability, and other physicochemical properties 
significantly influence gas storage, desorption, recovery 
efficiency, and ultimate production. This section provides a 
systematic examination of these critical relationships[7]. 

4.1. Influence of Coal Pore Structure on CBM 
Storage and Release 

The microscopic pore network serves as the primary 
storage space and transport pathway for coalbed methane 
(CBM). The abundant micropores in coal directly regulate gas 
adsorption/desorption processes through their structural 
characteristics. Specifically, CBM storage and release are 
governed by molecular-scale gas adsorption/desorption 
dynamics within these micropores, where pore geometry (size 
distribution, shape complexity, and spatial arrangement) 
fundamentally controls both gas storage capacity and mobility. 

The macropore architecture governs methane transport 
efficiency in coal reservoirs. These well-developed pore 
channels enable relatively unimpeded gas flow through the 
coal matrix, directly determining production rates and 
ultimate recovery factors. While enhanced macropore 
connectivity significantly improves reservoir permeability, 
the spatial distribution and three-dimensional continuity of 
these pathways critically influence both gas storage 
homogeneity and controlled release behavior across the CBM 
system[8]. 

In summary, coal pore architecture exerts fundamental 
control over CBM storage and release mechanisms. 
Macropore networks (>50 nm) enhance reservoir 
permeability (typically 0.1-100 mD), facilitating pressure-
driven gas flow and thereby improving production rates (15-
30% higher in well-connected systems) and ultimate recovery 
(up to 60% EUR in optimized cases). However, the spatial 
distribution and connectivity of these macropores critically 
govern system-wide gas storage homogeneity and controlled 
release efficiency. Strategic characterization and engineering 
of pore structures—particularly optimizing macropore 
connectivity through advanced stimulation techniques—are 
therefore essential for achieving efficient CBM storage and 
commercially viable extraction. 

4.2. Effects of coal permeability on coalbed 
methane (CBM) extraction 

Coal permeability stands as a pivotal factor governing 
coalbed methane extraction. Highly permeable coal seams 
enable accelerated gas flow rates, thereby enhancing both 
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production output and recovery efficiency. Permeability 
fundamentally dictates the gas transmission capacity through 
coal formations, determining how effectively methane 
migrates within the reservoir. Superior permeability 
facilitates more efficient gas movement, significantly 
improving overall extraction performance[9]. 

Low-permeability coal seams significantly impede gas 
flow due to increased transport resistance, resulting in 
constrained production rates and diminished recovery 
efficiency that necessitates advanced engineering 
interventions. Under such permeability-limited conditions, 
specialized enhancement techniques including permeability-
improving agents become essential to overcome flow barriers 
and optimize extraction performance. Conversely, high-
permeability reservoirs demonstrate superior compatibility 
with horizontal well technology, where the inherent flow 
capacity can be fully leveraged to maximize recovery. This 
fundamental dichotomy underscores the critical importance 
of permeability-adapted development strategies across the 
CBM industry, requiring tailored technological solutions 
ranging from reservoir stimulation to production system 
optimization based on site-specific permeability 
characteristics[10]. 

In summary, permeability serves as a fundamental 
governing parameter in coalbed methane extraction, directly 
controlling gas flow velocity, transmission capacity, and 
ultimate recovery efficiency. This petrophysical characteristic 
proves pivotal for achieving both production optimization and 
economic viability. Strategic engineering innovations and 
targeted technological applications can effectively harness 
permeability characteristics to enhance recovery performance 
through optimized flow path development[11]. 

5. Optimization of Coalbed Methane 
Development Strategies 

5.1. Comprehensive Investigation of Coal Rock 
Properties Across Regional Basins 

Geological structures influence CBM reserves primarily 
through fracture networks and fault zones, where certain 
tectonic features may enhance reservoir permeability and 
consequently modify gas storage capacity. Regional 
lithological characteristics directly determine pore 
architecture and flow capacity, governing both the magnitude 
and spatial distribution of methane reserves. Furthermore, 
CBM accumulation exhibits strong depositional environment 
dependence, as variations in paleo-sedimentary conditions 
fundamentally control coal composition and reservoir 
properties, thereby systematically affecting gas-in-place 
volumes. 

Significant variations in coal porosity across different 
regions directly govern gas storage capacity, necessitating 
porosity-dependent reservoir management strategies in 
development planning. Permeability disparities induced by 
geological conditions require tailored extraction approaches, 
particularly through permeability-enhancement technologies 
(e.g., stimulant injection) in low-permeability zones. 
Furthermore, spatial variability in organic matter content and 
distribution patterns exerts primary control on methane 
productivity, demanding region-specific production 
optimization protocols. 

5.2. Technology Innovation and Coal-Rock 
Properties Matching 

Coal rocks with different properties require distinct 
extraction technologies to maximize recovery rates and 
production output. In regions with favorable permeability, 
horizontal well technology can be employed to enhance coal 
seam-wellbore contact area, thereby improving extraction 
efficiency. For low-permeability formations, techniques such 
as water or gas injection are utilized to increase reservoir 
pressure and facilitate coalbed methane (CBM) desorption. 

The continuous integration of advanced technologies is 
critical for enhancing production output and recovery rates. 
By leveraging big data analytics and artificial intelligence 
(AI), real-time monitoring and data-driven decision-making 
can be achieved to optimize production parameters. 
Furthermore, tailored permeability-enhancing agents should 
be developed and applied based on regional permeability 
characteristics to improve coal seam permeability. 

6. Conclusions and Prospects 

6.1. Summary of the Relationship Between 
Coal-Rock Properties and Coalbed 
Methane Development 

Permeability and porosity serve as critical parameters in 
coalbed methane (CBM) reservoirs, fundamentally governing 
both gas migration capacity and storage space within coal 
seams. These petrophysical properties are influenced by 
multiple geological factors including the coal's micro-scale 
pore structure, thermal maturity, and in-situ stress conditions. 
Comprehensive reservoir characterization must account for 
spatial variations in permeability-porosity relationships to 
optimize development strategies. This includes selecting 
appropriate stimulation techniques (e.g., hydraulic fracturing 
design) and determining optimal well spacing patterns to 
enhance methane recovery from heterogeneous coal 
formations. 

The gas adsorption characteristics of coal seams 
significantly influence methane desorption rates and ultimate 
recovery efficiency, representing a critical factor in CBM 
development. These adsorption properties are governed by 
multiple geological parameters including coal pore structure, 
gas composition, and formation temperature. Understanding 
adsorption behavior enables optimal production pressure 
determination and enhances water injection strategy design 
for improved recovery performance. 

6.2. Critical Technologies and Development 
Trends in Future Coalbed Methane 
Exploitation 

To comprehensively advance the understanding of coal 
microstructure, future research will focus on applying 
advanced imaging techniques (e.g., micro-CT and FIB-SEM) 
coupled with numerical simulations to enhance structural 
resolution, thereby enabling more accurate permeability and 
porosity assessments. Regarding gas adsorption mechanisms, 
integrated experimental and modeling approaches will be 
employed to elucidate adsorption-desorption dynamics, 
providing theoretical support for optimizing production 
pressures and water injection strategies. For precise formation 
pressure estimation, modern geophysical exploration 
technologies will be integrated to improve measurement 
accuracy, offering reliable guidance for reservoir 
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management. Furthermore, systematic laboratory studies and 
field case analyses will be conducted to evaluate the impact 
of coal composition on gas utilization efficiency, facilitating 
the development of tailored extraction and processing 
technologies for heterogeneous CBM reservoirs. 

Future coalbed methane development will face several 
critical challenges and their potential solutions: Low 
permeability: Coal seams typically exhibit poor permeability, 
requiring effective stimulation techniques such as horizontal 
drilling and hydraulic fracturing to enhance gas flow. 
Hydrogeological impacts: CBM extraction may cause 
groundwater depletion, necessitating proper water injection 
strategies and comprehensive hydrogeological assessments. 
Environmental and social concerns: Potential ecological 
disturbances require strengthened mitigation measures and 
proactive community engagement to improve public 
acceptance. Economic viability: High exploration and 
production costs demand continuous technological 
innovation to improve efficiency and reduce expenses. 
Market volatility: Fluctuating natural gas prices require long-
term strategic planning and flexible market adaptation. 
Regulatory uncertainties: Evolving policies highlight the 
need for dynamic risk management frameworks to address 
legislative changes. 

Sustainable CBM production requires comprehensive 
integration of these critical technologies and challenges, 
achieved through scientific exploration, efficient extraction 
practices, and optimized reservoir management strategies. 
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