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Abstract: This paper discusses the environmental, social, and economic benefits of coal gangue resource utilization, as well 
as the associated technical challenges and policy analysis. Coal gangue, a common industrial waste, plays a significant role in 
promoting sustainable development. The paper defines coal gangue and explains its origins, emphasizing the necessity of 
resource utilization. It then analyzes the application of physical, chemical, and biological methods in coal gangue treatment and 
explores integrated utilization approaches, such as transforming coal gangue into building materials and soil amendments. In 
discussing the comprehensive benefits of coal gangue resource utilization, the paper highlights contributions to environmental 
protection, including pollution reduction and energy conservation. Socially, resource utilization provides new job opportunities 
for local communities and contributes to public health improvement. Economically, the paper points out that resource utilization 
can promote industrial chain development and economic growth through cost analysis and market potential assessment. The 
discussion on technological innovation and future trends reveals the potential of emerging technologies to enhance resource 
utilization efficiency and support sustainable industry development. The paper also identifies technical challenges and research 
directions, emphasizing the importance of continuous R&D and interdisciplinary collaboration. 

Keywords: Coal Gangue Resource Utilization, Environmental Protection, Technological Innovation, Socio-economic 
Benefits. 

 

1. Introduction 

 
Figure 1. Comprehensive utilization of coal gangue[7] 

 
While pursuing economic development, human activities 

have significantly impacted the environment, particularly in 
energy-intensive industries like coal mining. Coal gangue, the 

primary solid waste produced during coal mining, has become 
one of China's urgent environmental issues. With the goals of 
"carbon peak and carbon neutrality," the green transformation 
and upgrading of the coal industry have become especially 
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important. The resource utilization of coal gangue not only 
helps reduce environmental pollution but also promotes the 
recycling of resources, which is a vital pathway to green and 
sustainable development. 

Coal gangue formation is closely related to coal mining. 
During coal formation, rocks formed by a mixture of organic 
and inorganic compounds are typically distributed in thin 
layers within or at the top and bottom of coal seams. Due to 
its low carbon content, hardness, and high ash content on a 
dry basis, the storage and disposal of coal gangue can cause a 
series of environmental problems, such as spontaneous 
combustion, acid rain, underground seepage, and river 
blockage[1-3]. Currently, the comprehensive utilization rate 
of coal gangue remains low, and a standardized and feasible 
research system has not yet been established. The resource 
utilization pathways for coal gangue include energy 
production, valuable metal recovery, and building material 
production. For instance, coal gangue can be used to prepare 
photocatalysts[4], adsorbents, and zeolite molecular sieves 
for wastewater treatment; it can also replace clay minerals in 
the production of concrete, cement, bricks[5], and other 
building materials; moreover, it can be used to improve soil, 
prepare seedling substrates, fertilizers, etc[6] (Figure 1). 

However, research on coal gangue resource utilization 
should consider regional differences, phased resource 
utilization, and secondary pollution issues. Future research 
directions should include increasing the resource utilization 
rate of coal gangue, developing new technologies for high-
value utilization, and exploring the application of coal gangue 
in preventing heavy metal pollution, soil remediation, and 
erosion control. In summary, coal gangue resource utilization 
is an important direction for the transformation and upgrading 
of China's coal industry and a necessary path to achieve green 
and sustainable development. Only through relentless efforts 
and continuous innovation can we better address the 
accumulation of coal gangue, promote its resource utilization 
towards more efficient, environmentally friendly, and 
sustainable development, and make a greater contribution to 
the sustainable development of China's economy and society. 

2. Methods of Coal Gangue Resource 
Utilization 

Coal gangue, a by-product of coal mining, has long been 
treated as waste. However, with the increasing awareness of 
resource scarcity and environmental protection, people have 
begun to explore ways to utilize coal gangue as a resource. 
The resource utilization of coal gangue can not only reduce 
environmental pollution but also provide new impetus for 
socio-economic development. Currently, the methods of coal 
gangue resource utilization mainly include physical, chemical, 
biological, and comprehensive utilization methods. 

2.1. Physical Methods 
Physical methods mainly include sorting, flotation, 

magnetic separation, etc., which separate the useful 
components from coal gangue through physical actions. For 
example, flotation technology can effectively recover coal 
powder from coal gangue, which can be used as industrial 
fuel[8, 9]. Magnetic separation technology can separate 
ferromagnetic substances from coal gangue, which can be 
used in the metallurgical industry. The advantage of physical 
methods is that the process is simple and the cost is low, but 
the disadvantage is that the recovery rate and purity are 

relatively low. The researchers proposed a physical method 
that uses high-concentration acid and microwave heating to 
extract high-purity silicon from coal gangue, and then adds 
Na2SO4 to prepare water glass, effectively achieving high-
value utilization of coal gangue[10]. 

2.2. Chemical Methods 
Chemical methods mainly use chemical reactions to extract 

valuable metals from coal gangue or change its properties. 
Acid washing is a common chemical method that can remove 
sulfur and other impurities from coal gangue. Leaching 
technology can extract valuable metals such as aluminum and 
silicon from coal gangue[11, 12], which have a wide range of 
applications in construction, chemical, and other industries. 
The advantage of chemical methods is that they can achieve 
higher recovery rates and purity, but the disadvantage is that 
secondary pollution may occur during the process. By using 
high-temperature calcination and low-temperature acid 
leaching processes to leach gallium from coal gangue, and 
then using solvent extraction from the above two leaching 
solutions, gallium can be enriched by more than 100 times, 
with a recovery rate of about 90%. 

2.3. Biological Methods 
Biological methods use the biological actions of 

microorganisms or plants to treat coal gangue[13-15]. 
Microbial treatment technology uses specific microbial 
communities to transform harmful substances in coal gangue 
into harmless substances. Phytoremediation technology uses 
the growth process of plants to absorb and transform harmful 
substances such as heavy metals in coal gangue. The 
advantage of biological methods is that they are 
environmentally friendly and sustainable, but the 
disadvantage is that the treatment cycle is long and greatly 
affected by environmental conditions. In Ningxia Dawukou 
coal washing plant, coal gangue hills were mixed planted with 
ash seedlings inoculated with and without arbuscular 
mycorrhizal fungi. The experimental results showed that 13 
months after inoculation with mycorrhizal fungi, the 
vegetation survival rate was effectively improved (15%), 
plant growth was promoted (the coverage of inoculated plants 
was 9% higher than the control), and the infection rate was 
over 90%. The length of mycelium was 1.4 times longer than 
the control, expanding the range of the root system, which 
greatly promoted the resource utilization of coal gangue and 
the ecological restoration around the gangue hills. 

2.4. Comprehensive Utilization Methods 
Comprehensive utilization methods combine physical, 

chemical, biological, and other methods to optimize the 
resource utilization of coal gangue. For example, first, use 
physical methods to separate coal powder and ferromagnetic 
substances from coal gangue, then use chemical methods to 
extract valuable metals, and finally use biological methods for 
environmental remediation. The advantage of comprehensive 
utilization methods is that they can fully utilize the 
advantages of various methods to maximize resource 
utilization, but the disadvantage is that the technology is 
complex and the cost is high. 
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3. Comprehensive Benefits of Coal 
Gangue Resource Utilization 

3.1. Environmental Benefits 
The environmental benefits of coal gangue resource 

utilization are mainly reflected in reducing environmental 
pollution and ecological restoration. By transforming coal 
gangue into useful resources, its pollution to land and water 
bodies can be reduced. For example, coal gangue can be used 
to produce building materials[16], which not only reduces the 
exploitation of natural resources but also decreases the land 
occupation and environmental pollution caused by coal 
gangue dumping. Additionally, the organic matter and trace 
elements in coal gangue can be used for soil improvement, 
promoting vegetation growth, and contributing to the 
recovery and stability of ecosystems. 

3.2. Economic Benefits 
The economic benefits of coal gangue resource utilization 

are primarily manifested in reducing treatment costs and 
creating new economic value. Resource-based products from 
coal gangue, such as building materials and chemical raw 
materials, have high market demand and can bring 
considerable economic benefits. Furthermore, the resource 
utilization of coal gangue can also promote the development 
of related industrial chains, such as building materials, 
chemicals, agriculture, etc., providing new growth points for 
socio-economic development[17]. 

3.3. Social Benefits 
The social benefits of coal gangue resource utilization are 

mainly reflected in promoting employment and improving 
public health. The resource utilization of coal gangue can 
create new job opportunities, especially in industries such as 
building materials and chemicals. At the same time, by 
improving environmental quality, the living standards of 
residents in mining areas and surrounding areas can be 
enhanced, promoting social stability and development. 

3.4. Sustainability Benefits 
The sustainability benefits of coal gangue resource 

utilization are reflected in promoting sustainable 
development. By effectively utilizing coal gangue, 
dependence on natural resources can be reduced, 
environmental pollution can be lowered, and the coordinated 
development of the economy, environment, and society can 
be achieved, aligning with the concept of sustainable 
development. 

4. Technological Innovation and 
Future Trends in Coal Gangue 
Resource Utilization 

Against the backdrop of achieving the "carbon peak and 
carbon neutrality" goals, technological innovation and future 
trends in coal gangue resource utilization have become hot 
research topics. Coal, as the cornerstone of national energy 
security, plays a crucial role in China's economic construction 
and social development. Coal gangue, as a major by-product 
associated with coal, has become the foremost bulk solid 
waste that China urgently needs to address. 

4.1. Technological Innovation 
Technological innovation is key to advancing the resource 

utilization of coal gangue. Currently, the comprehensive 
utilization rate of coal gangue is still low, and a standardized 
and feasible research system has not yet been formed. 
Therefore, in response to the water, air, and soil 
environmental pollution caused by coal mining and coal 
gangue accumulation, research progress shows that 
breakthroughs are continuously being made in the resource 
utilization of coal gangue in energy production, valuable 
metal recovery, building material production, and other 
directions. For example, the application of coal gangue in 
preventing heavy metal pollution, soil remediation, and 
erosion control has demonstrated its enormous potential in 
environmental governance. Additionally, research on the 
physical and chemical properties of coal gangue provides a 
scientific basis for its resource utilization. 

4.2. Future Trends 

 
Figure 2. Immobilization of hexavalent chromium in soil-plant environment[21] 
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The future development direction of coal gangue resource 

utilization will involve overall planning and resource 
integration. There will be a large number of conventional 
purposes for coal gangue resource utilization, as well as 
special uses for producing high-value-added products. By 
combining both, comprehensive and resource utilization of 
coal gangue can be achieved, providing a reference for its 
"reduction, resource-based, and recycling" development. 

The future development directions of coal gangue resource 
utilization include: (1) High-value utilization: Researching 
how to transform coal gangue into high-value-added products, 
such as advanced ceramic materials, rare metal extraction, 
etc[18]. (2) Ecological environment: Using coal gangue for 
soil reclamation and ecological restoration to improve the 
environmental quality of mining areas and surrounding 
regions[19] (Figure 2). (3) New process development: 
Developing new coal gangue resource utilization processes, 
such as interlayer zone grouting filling technology, to achieve 
effective bulk utilization of coal gangue[20]. 

5. Driving Forces Behind the Resource 
Utilization of Coal Gangue 

The policy environment provides the necessary legal, 
economic, and social support for the resource utilization of 
coal gangue, while the driving forces are the internal impetus 
that propels this process forward. 

5.1. Policy Environment 
The policy environment includes a series of laws, 

regulations, standards, and guiding principles established by 
national and local governments. These policies aim to 
promote the resource utilization of coal gangue, protect the 
environment, and simultaneously promote economic 
development. For example, the Chinese government has 
introduced several policies to encourage the comprehensive 
utilization of coal gangue, including tax incentives, financial 
subsidies, and project support. 

5.2. Development Drivers 
Development drivers include factors such as market 

demand, technological advancement, and increased 
awareness of environmental protection. Market demand is 
one of the main drivers of coal gangue resource utilization. 
As the markets for building materials and chemical products 
expand, the value of coal gangue utilization has been 
recognized. Technological progress has made the resource 
utilization of coal gangue more efficient and economical, 
while the rise in environmental protection awareness has 
prompted all sectors of society to pay attention to the impact 
of coal gangue on the environment and seek sustainable 
solutions. 

5.3. Future Outlook 
In the future, the policy environment and development 

drivers for the resource utilization of coal gangue will place 
even greater emphasis on sustainability and environmental 
friendliness. Policies are expected to be further refined to 
support more technological innovation and industrial 
development in coal gangue resource utilization. At the same 
time, with the public's increasing awareness of environmental 
protection and the development of clean energy technologies, 
the resource utilization of coal gangue will become an 

important way to promote the development of the green 
economy. 

6. Conclusion 
The resource utilization of coal gangue has significant 

benefits for environmental protection. By adopting advanced 
physical and chemical methods, the production and dumping 
of coal gangue can be effectively reduced, thereby alleviating 
environmental pollution. At the same time, biological 
methods such as microbial management and 
phytoremediation not only improve soil quality but also 
promote the recovery of ecosystems. Furthermore, the 
resource utilization of coal gangue has also had a positive 
impact on the social level. It has provided new job 
opportunities for local residents, especially in industries 
related to resource utilization. This not only helps to improve 
the economic level of the community but also improves 
public health and the quality of life for residents. The 
exploration and application of emerging technologies have 
opened up new possibilities for the resource utilization of coal 
gangue. These technologies not only improve the efficiency 
of resource utilization but also support the sustainable 
development of the industry. Faced with technological 
challenges and research directions, we must continue to invest 
in R&D and encourage interdisciplinary cooperation to 
promote technological progress and innovation. The resource 
utilization of coal gangue is not only an effective way to solve 
environmental problems but also an important strategy to 
promote the sustainable development of society and the 
economy. Future policy-making should focus more on the 
comprehensive benefits of resource utilization, encourage 
technological innovation, and through cooperation and 
exchange, achieve the internationalization and 
standardization of resource utilization. 
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