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Abstract

With the sustainable development of coal mine industry, coal mine garbage disposal has
become a key factor restricting the sustainable development of the industry. In order to
meet this challenge, this paper analyzes how blockchain technology provides a new
solution for coal mine garbage disposal. Through the introduction of blockchain
technology, the comprehensive monitoring and transparent management of coal mine
garbage disposal process are realized, and the treatment efficiency and credibility are
significantly improved. Specifically, blockchain technology is used for data recording
and traceability, ensuring the authenticity and traceability of garbage disposal
information; The application of intelligent contract realizes the automation and
intelligence of processing flow, reduces human intervention and improves processing
efficiency; At the same time, combined with the incentive mechanism, the enthusiasm of
all parties to participate in garbage disposal has been stimulated. In the future,
blockchain technology will be integrated with other advanced technologies to promote
the intelligence and efficiency of coal mine garbage disposal and contribute to
environmental protection and sustainable development.
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1. Introduction

As an important cornerstone to support global energy demand, coal mining industry has always
played a decisive role in economic development. However, with the continuous development of
coal mining activities, the problem of coal mine garbage disposal has become increasingly
prominent, which has become a key factor restricting the sustainable development of coal mine
industry [1]. Coal mine garbage not only poses a potential threat to the environment, but also
may lead to resource waste and ecological destruction. Therefore, it is particularly important
to explore efficient and environmentally friendly coal mine waste treatment methods.

In recent years, blockchain technology has shown great application potential in many fields,
such as finance and supply chain management, with its unique characteristics of distributed
ledger, decentralization and data tamper-proof. This paper aims to explore the innovative
application of blockchain technology in coal mine waste treatment, and analyze how it provides
new solutions for coal mine waste treatment, with a view to promoting the development of coal
mine industry in a greener and more efficient direction through the integration and innovation
of technology. Through the introduction of blockchain technology, the comprehensive
monitoring and transparent management of coal mine garbage disposal process are realized,
which provides new ideas and methods for solving coal mine garbage problems.
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2. Production Process and Treatment Method of Coal Mine Garbage

2.1. The Process of Coal Mine Garbage Generation

Coal mining is a complex and multi-step process, which is inevitably accompanied by the
production of various kinds of garbage. In the mining stage of coal mine, with the stripping of
coal seam, a large number of coal gangue was excavated. These coal gangue are the main solid
wastes produced in the process of coal mining, and they are usually regarded as low-value by-
products. A large number of piles not only occupy valuable land resources, but also have hidden
dangers of environmental pollution.

In the process of coal mining, a lot of wastewater will be produced. These wastewater contain
many kinds of harmful substances, and if discharged directly without treatment, it will cause
serious pollution to the surrounding water bodies. Heavy metals, sulfides and other toxic
substances in wastewater may pose a threat to aquatic ecosystem and human health. In
addition, a large number of coal dust, waste gas and harmful gases, such as hydrogen sulfide
and methane, will be produced during coal mining and coal processing. The emission of these
waste gases not only aggravates air pollution, but also may cause environmental problems such
as greenhouse effect and acid rain.

The generation of coal mine garbage is a multi-level and multi-dimensional process, involving
solid waste, waste water and waste gas. The generation of these wastes not only poses a threat
to the ecological environment around coal mines, but also may have a far-reaching impact on
human health and the sustainable development of society. Therefore, it is particularly
important to adopt effective garbage disposal methods and technologies to reduce the adverse
impact of coal mining activities on the environment.

2.2. Method of Coal Mine Garbage Treatment

Coal mine garbage disposal is an important link to ensure environmental sustainability and
effective utilization of resources. At present, the following methods are mainly adopted for the
treatment of coal mine garbage: firstly, landfill method, which is a traditional garbage treatment
method. For solid wastes such as coal gangue that can't be reused, it is usually chosen to landfill
in a suitable site. However, although the landfill method is simple and feasible, long-term
accumulation will occupy a lot of land and may cause problems of soil and groundwater
pollution. The second is incineration, which is mainly used to treat the combustible part of coal
mine garbage. Through high-temperature incineration, the volume of garbage can be greatly
reduced, and heat energy can be recovered to a certain extent [2-3]. However, harmful gases
and smoke may be produced during incineration, so it is necessary to equip with efficient dust
removal and disinfection devices to control pollution.

Resource utilization has been paid more and more attention in recent years. For example, coal
gangue can be used to produce building materials, such as bricks and cement [4]. After proper
treatment, wastewater can also be used for irrigation or industrial water. Combustible gases
such as methane in waste gas can be collected and used as energy. Resource utilization not only
solves the problem of garbage disposal, but also brings economic benefits.

In addition to the above methods, there are some emerging technologies that are trying to be
applied to coal mine waste treatment, such as biological treatment and pyrolysis technology.
Biological treatment uses the degradation of microorganisms to treat organic waste, while
pyrolysis technology converts waste into useful products such as gas and fuel oil under
anaerobic or hypoxic conditions [5].

Generally speaking, there are various methods of coal mine garbage disposal, and each method
has its advantages and disadvantages. In practical application, it is necessary to
comprehensively consider the composition, treatment cost, environmental requirements and
other factors of garbage, and the selection technology will continue to innovate and develop.
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3. Overview of Blockchain Technology

Blockchain technology is a decentralized, distributed and tamper-proof data storage and
transmission technology, which is based on a chained data structure and ensures the security
of data transmission and access through cryptographic algorithms (Figure 1). Simply put, the
blockchain is like a public and secure electronic account book, which can be viewed by everyone
but cannot be changed privately [6-7].
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Figure 1. Blockchain technology architecture

The core mechanisms of blockchain technology include decentralization, data tamper
resistance and consensus algorithm. Decentralization means that data does not depend on any
central organization or server for storage and management, and each node has a complete copy
of data, which ensures the security and reliability of data. The data can't be tampered with, and
each data block is marked by digital signature and time stamp. Once the data is recorded, it can't
be changed or deleted. Consensus algorithm is the key to ensure the data consistency of all
nodes, which allows the nodes in the network to reach a consensus without trusting the third
party.

The application of blockchain technology has surpassed its initial financial field and gradually
expanded to supply chain management, [oT, copyright protection and other fields [8-9]. In coal
mine garbage disposal, blockchain technology can provide a transparent and traceable platform
to ensure the fairness and efficiency of garbage disposal process. Through blockchain
technology, information such as the source, treatment process and treatment result of garbage
can be recorded, and the whole process of monitoring and management can be realized, thus
improving the transparency and credibility of coal mine garbage treatment.

4. The Application of Blockchain Technology in Coal Mine Garbage
Disposal

4.1. Data Recording and Tracing

Coal mine garbage disposal is a complex and key environmental protection problem.
Traditional recording methods often have the problems of inaccurate, incomplete or easily
tampered data, which leads to the difficulty of supervision and the inconvenience of tracing the
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coal mine garbage disposal process. The emergence of blockchain technology provides a new
solution to this problem.

In the process of coal mine garbage disposal, blockchain technology can be used to record and
trace the whole process of garbage generation, disposal and transportation (Figure 2). When
coal mine garbage is generated, relevant personnel can record the detailed information of
garbage generation, such as time, place, type and quantity, on the blockchain platform. In the
process of garbage disposal, every step of processing operations, including sorting, processing,
transformation, etc., will be recorded in the blockchain in real time. The transportation process
of garbage, including transportation time, route and vehicle information, will also be recorded
in the blockchain. Because the blockchain technology cannot be tampered with, any data
recorded on the blockchain is authentic. This means that the whole life cycle of coal mine waste
can be traced through the blockchain platform, and every link from generation to treatment to
transportation is clearly visible. In the case of audit or investigation, relevant personnel can
quickly and accurately obtain the whole process data of coal mine garbage disposal through the
blockchain platform, which greatly improves the supervision efficiency and transparency.
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Figure 2. Data recording and tracing system

The non-tampering of blockchain technology ensures the authenticity and credibility of data,
and effectively prevents data fraud and tampering. Through blockchain technology, the whole
treatment process of coal mine garbage can be easily traced back, which is convenient for
finding problems and investigating responsibilities. The application of blockchain technology
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enables the regulatory authorities to grasp the treatment of coal mine garbage in real time and
accurately, which improves the efficiency and effect of supervision. By improving the
transparency and efficiency of coal mine garbage disposal, blockchain technology is helpful to
promote the environmental protection work of coal mine industry and realize sustainable
development.

4.2. Intelligent Contract and Automatic Management

In the process of coal mine garbage disposal, there are often inefficient and error-prone
problems in manual management and execution process. By using the smart contract function
in blockchain technology, clear garbage disposal standards and automated processes can be set,
thus achieving efficient and accurate management.

Through intelligent contract, the classification standard, treatment method and quality
standard of coal mine waste are defined. These standards are coded into smart contracts to
ensure that all participants follow the same rules. Smart contracts can automatically execute
preset garbage disposal processes, such as garbage collection, classification, transportation and
disposal. Once a link is completed, the smart contract will automatically trigger the execution
of the next link without human intervention. Through the automatic execution of intelligent
contract, mistakes and negligence in human operation are avoided. Automatic management
accelerates the processing flow, shortens the processing cycle and improves the overall
efficiency. All operations are recorded in the blockchain, which increases the transparency and
credibility of the processing [10].

In coal mine waste treatment, the application of intelligent contract function of blockchain
technology can realize automatic management of treatment process, reduce human
intervention and significantly improve treatment efficiency, which is a great innovation in the
field of coal mine waste treatment.

4.3. Incentive Mechanism and Supervision

In order to promote the effective disposal of coal mine garbage, blockchain technology can be
combined with incentive mechanism to stimulate the enthusiasm of all parties to participate in
garbage disposal. At the same time, this technology can also strengthen the supervision of the
government and relevant departments on the treatment process and ensure the
standardization and efficiency of the treatment work.

Through blockchain technology, an incentive mechanism can be established to give digital
tokens, tax relief or other forms of incentives to enterprises or individuals who actively
participate in coal mine garbage disposal, thus encouraging more subjects to participate in
garbage disposal. Build a reputation system based on blockchain, publicly commend the
subjects who have outstanding performance in garbage disposal, improve their social
reputation, and further stimulate their enthusiasm for participation.

The transparency of blockchain technology makes all garbage disposal data publicly available,
and the government and relevant departments can monitor the processing progress and quality
in real time to ensure that the processing standards are strictly implemented. Through smart
contracts, the government can set regulatory rules and penalties. Once there is a violation, the
smart contract will automatically execute penalties, such as deducting rewards and lowering
the reputation score, so as to enhance the timeliness and effectiveness of supervision.

In coal mine garbage disposal, blockchain technology can effectively enhance the enthusiasm of
all parties through the combination with incentive mechanism. At the same time, its
transparency and intelligent contract function have greatly strengthened the supervision of the
government and relevant departments on the treatment process, and provided strong support
for the efficient and standardized treatment of coal mine garbage.
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5. Development Direction of Blockchain Technology in Coal Mine Garbage
Treatment Application

5.1. Technology Integration and Innovation

In order to further improve the processing efficiency and quality, blockchain technology is
developing in the direction of integration and innovation with other advanced technologies. By
combining the Internet of Things (IoT) sensor with blockchain technology, the process of coal
mine garbage generation, transportation and treatment can be monitored in real time. These
data are automatically recorded on the blockchain to ensure the authenticity and traceability
of the information and realize intelligent management. Using big data technology, the data of
coal mine garbage disposal recorded on the blockchain is deeply analyzed. This is helpful to find
bottlenecks and problems in the treatment process, optimize the treatment process, improve
efficiency and reduce costs. Combined with big data analysis and machine learning algorithm,
an intelligent prediction model is developed to provide decision support for coal mine garbage
disposal. This can predict the future garbage production and disposal demand, and help
managers make more informed decisions. With the help of the intelligent contract function of
blockchain, the automation and intelligence of coal mine garbage disposal process are realized.
Through preset rules and conditions, smart contracts can automatically trigger corresponding
operations, reduce human intervention and improve processing efficiency.

The development direction of blockchain technology in the application of coal mine waste
treatment is the integration and innovation with other advanced technologies. Through the
combination with IoT, big data and other technologies, the intelligent and efficient treatment of
coal mine garbage is realized, which makes an important contribution to environmental
protection and sustainable development. This technology integration and innovation will bring
revolutionary changes to coal mine garbage disposal.

5.2. Standardization and Normalization

With the in-depth application of blockchain technology in coal mine waste treatment, it is very
important to promote its standardization and standardized development. By formulating
unified standards and specifications, the universality and operability of the technology can be
improved, and the wide application of blockchain technology in the field of coal mine waste
treatment can be further promoted. Promote the formulation of relevant standards for the
application of blockchain technology in the field of coal mine garbage disposal, including data
formats, interface specifications, safety requirements, etc., to ensure compatibility and
interoperability between different systems. Encourage coal mine garbage disposal enterprises
and relevant institutions to adopt unified standards, promote the popularization and
application of blockchain technology, lower the technical threshold, and improve the
universality and convenience of technology application. Establish the operation specification of
the blockchain technology for coal mine garbage disposal, define the specific steps, methods
and requirements of technology application, and ensure the accuracy and consistency of
technology application. Establish a sound supervision mechanism to ensure that the application
of blockchain technology in coal mine garbage disposal meets the requirements of relevant laws,
regulations and policies, and ensure the legality and compliance of technology application.

Promoting the standardization and standardized development of blockchain technology in the
field of coal mine waste treatment is the key to improve the universality and operability of
technology. By formulating unified standards and improving operational norms, the wide
application of blockchain technology can be promoted, and the innovation and development of
coal mine garbage disposal industry can be further promoted. At the same time, strengthen
supervision and compliance, ensure that the application of technology meets the requirements
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of laws and regulations, and provide strong support for the sustainable development of coal
mine garbage disposal.

5.3. Policy Support and Popularization and Application

In order to promote the in-depth application of blockchain technology in coal mine waste
treatment, government policy support and capital investment are particularly important.
Through the active guidance of the government, the popularization and application of this
technology in a wider range can be accelerated. The government should formulate preferential
policies such as taxation and finance for the application of blockchain technology in coal mine
waste treatment, reduce the cost of adopting new technologies for enterprises and improve
their enthusiasm. Improve relevant laws and regulations, provide legal protection for the
application of blockchain technology in coal mine garbage disposal, and ensure the legality and
safety of technology application. Establish a demonstration project of blockchain technology
application in the field of coal mine garbage disposal, show the advanced and practical nature
of the technology, and drive more enterprises to adopt it. Through holding seminars, training
courses and other activities, we will strengthen the publicity and promotion of the application
of blockchain technology in coal mine waste treatment, and improve the public and enterprises'
awareness and acceptance of this technology.

Government policy support and capital investment are the key factors to promote the
application of blockchain technology in coal mine waste treatment. By formulating preferential
policies and providing legal protection, setting up special funds and guiding social capital
investment, as well as establishing demonstration projects and strengthening publicity and
promotion, we can promote the popularization and application of blockchain technology in a
wider range and inject new impetus into the innovative development of coal mine garbage
disposal industry.

6. Conclusion

Blockchain technology has shown remarkable application potential and advantages in coal
mine waste treatment. Through the introduction of blockchain technology, the comprehensive
monitoring and transparent management of coal mine garbage disposal process are realized,
the authenticity and credibility of data are ensured, and data fraud and tampering are
effectively prevented. The non-tamperability of blockchain makes the whole process of coal
mine garbage treatment, from generation to treatment to transportation, clearly visible, which
greatly improves the efficiency and transparency of supervision. In addition, the application of
smart contract realizes the automation and intelligence of processing flow, reduces human
intervention and improves processing efficiency. At the same time, the combination of
blockchain technology and incentive mechanism has effectively stimulated the enthusiasm of
all parties to participate in coal mine garbage disposal. By building a reputation system and
reward mechanism based on blockchain, not only more subjects are promoted to participate in
the garbage disposal work, but also the supervision of the government and relevant
departments on the disposal process is strengthened, ensuring the standardization and
efficiency of the disposal work. Looking forward to the future, blockchain technology is
developing in the direction of integration and innovation with other advanced technologies. By
combining with technologies such as the Internet of Things and big data, the efficiency and
quality of coal mine garbage disposal can be further improved. By monitoring the production,
transportation and treatment process of coal mine garbage in real time, the processing data is
deeply analyzed by using big data technology, and intelligent prediction model is developed by
combining machine learning algorithm, which provides decision support for coal mine garbage
treatment and promotes the development of coal mine industry in a greener and more efficient
direction.
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