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[bookmark: _Toc168239798]Part 1 Importance of Literature Review
[bookmark: _Toc168239799]1.1 Definition of Literature Review
The literature review is a systematic research approach. This method provides a systematic, well-defined, and repeatable study of a topic related to the interests of researcher. The study of this research method enables the identification, evaluation and analysis of the work that has been done in the field. (Fink, 2014, p. 22). Also, a literature review is an academic paper on research findings in a particular field. It provides an overview of current knowledge on a topic, including research findings, theoretical and methodological contributions to the particular topic (Newman & Gough, 2020, p. 4). 
[bookmark: _Toc168239800]1.2 Purpose of the literature review
In the age of information explosion, the massive growth of articles every year leads to information overload. Faced with the onslaught of information, researchers often struggle to retrieve the information they need.(Booth et al., 2012, p. 6). At the same time, the growth of knowledge exists in the form of rapid development and interdisciplinary fragmentation (Snyder, 2019). The researchers believe that effective and thoughtful reviews previous articles establish a robust base for advancing knowledge and promoting the development of theories (Webster & Watson, 2002). A literature review of prior relevant research is an effective refresher on the topic one wishes to research. It provides a solid foundation for advancing knowledge in the field. By examining a large body of literature in the field, the literature review has made a significant contribution to advancing theory and revealing research gaps (Greetham, 2021). For researchers, a literature review usually serves several purposes：
[bookmark: _Toc168239801]1.2.1 Mapping knowledge
A systematic literature review allows for a quick overview of the relevant knowledge in a research area and the construction of a knowledge map of that area (Newman & Gough, 2020, p. 5), which helps the reader to understand the broader context of research in related areas (Oliver, 2012, p. 14). By analyzing the assumptions in the research question, systematic literature analysis helps to understand the intellectual framework of the research question. This approach enables the researcher to learn from what has already been researched, how it has been researched and what it has found(Gough et al., 2012). The study of literature review topics provides an understanding of the foundational elements that have been laid down by previous. Not only does it cover previous research findings, but also insightful concepts and theories. On this basis, it can also be effectively constructed and further researched(Brent & Leedy, 1990). The literature assesses the research components of the field as a whole and identifies how they contradict or confirm each other. It considers not only pieces of knowledge in areas of study, but also emphasise research in the field of knowledge as a whole (Booth et al., 2022, p. 2).
[bookmark: _Toc168239802]1.2.2 Building a conceptual framework
The literature review enables researchers to to obtain an information center on concepts and theories in the research area, which serve as an initial set of ideas that can be further developed and refined during the research. Using these concepts and theories, researchers can identify the key questions and hypotheses they wish to explore, as well as their interconnections. This not only facilitates comprehension of the investigated phenomena but also makes it easier for researchers to share their findings with others(Rocco & Plakhotnik, 2009). In this way, the importance of the research is made clear and the findings can be compared with the work of others. The inclusion of relevant academic literature was crucial to the foundational part of the study. Early in the planning of the study, the researcher started with a broad question and gradually focused on a more specific question, this specific question then guided the selection of a specific research methodology suitable for exploring the question(Boote & Beile, 2005).
[bookmark: _Toc168239803]1.2.3 Understanding Research Theory
The literature review is also an essential component in constructing a theoretical framework (Anfara & Mertz, 2015). Establishing a solid theoretical foundation and research framework was considered very important, which also meant that research should be based on existing knowledge and should be able to connect to that knowledge. This is seen as the initial stage in the development of any academic research. Literature review is an important part of building a theoretical framework. By carefully reading and analyzing previous studies, a researcher can get a clear idea of what theories already exist in a subject area. With an understanding of these theories, the researcher can add to or improve upon them, or even create entirely new knowledge (Snyder, 2019). An integral part of reviewing the literature is to determine what theories can be used to explore issues in academic research (Creswell & Creswell, 2023, p. 74). Different types of literature reviews provide an overview and guide to research methods as a business study (Palmatier et al., 2018). Literature review is the best methodological tool. It can offer answers to researchers to assess theories or proof in a particular research area. It can also examine the validity or accuracy of a particular theory or competitive theories (Tranfield et al., 2003).
[bookmark: _Toc168239804]1.2.4 Insufficient critical analysis of research
A literature review helps researchers connect a study to a broader discussion that has been taking place over a long period of academic articles. It identifies new issues that have not been covered in previous research and builds on and adds to these existing studies (Marshall et al., 2022). Thus, a literature review allows researchers to not only describe previous findings and assess the field of study, but also to inspire research goals, issues, and assumptions (Hempel, 2020). Although critical analysis can sometimes produce unpopularity, it challenges strongly held views and opinions (Booth et al., 2012).Critically analysing the literature is necessary because individual studies may contain errors or biases, and a review can provide a more comprehensive perspective, avoid duplicating irrelevant or unethical studies, and provide a solid background for new research (Gough et al., 2012). This means that when writing a literature review, researchers need to be critical of their own position through sustained reflection and supporting material, not just stating their opinion. Through a critical literature review the researcher can understand the biographical background of the study; locate the research gap and demonstrate the worthiness and importance of the research objectives (Saunders et al., 2019). Mingers (2000) states that the literature should be critiqued in terms of four aspects of method: “a critique of rhetoric”; “a critique of tradition”; “a critique of authority”; and“ a critique of objectivity”.
[bookmark: _Toc168239805]1.3 Importance of Literature Review
In summary, literature review is an important research methodology that allows the researcher to draw up a summary of past research results and analyse them inductively (Snyder, 2019). The use of literature as evidence (including research theories, research hypotheses, and research findings) proves the researcher's point of view (Wallace & Wray, 2011). Oliver(2012) states that a literature review is like building blocks on top of previous research, basing one's own research on the ideas of others. Analysing and summarising findings can help researchers understand what is known and what is unknown, and which methods are effective and which are ineffective (Booth et al., 2012). It builds links between related themes and identifies core issues in a given area (Creswell & Creswell, 2023).The more researchers know about research topics in related fields the more effectively they can address their research questions (Brent & Leedy, 1990).
[bookmark: _Toc168239806]1.4 Literature review methodology
A literature review is a method of collecting information to answer a research question or learn more about a particular topic. In order to achieve this goal, scientific critical analysis of criticality and effectiveness of the research, including the research design, the journals in which it was published, and the researchers, etc. (Fink, 2014). Describe the structure of the literature review more accurately, the literature review should follow certain scientific guidelines in order to make the literature review more scientific and the results more valuable (Moher et al., 2010). Booth et al.(2022) stated that there are five methods of synthesising literature reviews, including 'scoping reviews', 'systematic reviews', 'scoping meta-syntheses', 'syntheses of syntheses (overviews)' and 'mapping reviews'. There are some different in five methods of literature(Bowman, n.d.). Hempel (2020) summarized the six most widely used forms of review and their overall function, including Argumentative Review, Integrative Review, Historical Review, Methodological Review, Systematic Review, and Theoretical Review. Grant & Booth (2009) used the Search, Appraisal, Synthesis, and Analysis (SALSA) analytical framework to examine 14 main different of literature reviews(Fig2). The purpose of a systematic literature review is to find out all the studies that deal with a particular problem by providing a comprehensive and impartial summary of the literature.(Nightingale, 2009). A systematic literature review can minimise research bias due to researcher bias (Gough et al., 2012). Systematic evaluation of research not only increases the transparency and credibility of research, but by revealing its limitations, it also helps readers to understand which conclusions are reliable and which need to be further validated, thus elevating the research to a more scientific level (Booth et al., 2022).  
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Fig1 different five literature review(Bowman, n.d.)
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Fig 2 different of common types of literature review(Grant & Booth, 2009) 
Therefore, the systematic literature review approach was adopted for the literature review of this study. Despite the many advantages of the systematic literature, the systematic literature review requires a longer research period and is limited by the word limit of this report. It is not possible to present all of the systematic literature review in this report.
[bookmark: _Toc168239807]1.5 Purpose of the literature review
According to Fink(2014), the research literature review can be categorized into seven tasks and the Literature review process includes identifying the research question, selecting relevant databases and resources, selecting key words, using practical and descriptive filtering standards, performing the review, and ultimately synthesising the research findings. Seuring & Müller, (2008) constructed a conceptual framework for the study by drawing from a literature review approach and provided a foundation for the research theory.It is helpful in literature review studies to integrate concepts into a framework, as it is useful in mapping out what is known in the context of the review, thereby clarifying the boundaries and direction of the research (Gough et al., 2012).The conceptual framework explains the key issues, structures, or variables to be studied and the assumed relationships among them. (Miles et al., 2014). It is demonstrated that the work aims to address some of the deficiencies or limitations in previous research through a critical evaluation of prior literature (Wallace & Wray, 2011). The research scope is determined based on clear research questions and objectives. (Booth et al., 2022).Through a literature review, identify current research gaps and design the study based on theoretical frameworks and hypotheses.
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[bookmark: _Toc168239809]Part2 Critical Literature
[bookmark: _Toc168239810]2.1 Introduction
Since the inception of the I4.0, digital technologies have rapidly evolved within the industrial sector. With the integration of the Industrial Internet of Things (IIoT), cloud computing, big data analytics, and AI intelligence, many enterprises are recognizing the benefits of digital transformation. In the past few years, the outbreak of the pandemic severely disrupted supply chains, inflicting significant damage on businesses. However, it also highlighted how digital transformation can enhance the resilience of enterprises, effectively mitigating the impacts of such crises. Driven by the pressures of Industry 4.0 and external factors such as the pandemic, enterprises have been actively seeking pathways for digital transformation. Although digital transformation has been implemented in manufacturing, services, and supply chains, its adoption in the coal industry has been challenging due to the sector's complexity and specific needs. The purpose of this study is to conduct a overview of the literature from the past few years to gain a better insight of the digital transformation in the coal industry.
[bookmark: _Toc168239811]2.2 Aim of Literature Review
This research intends to elucidate the notion of digital transformation through a literature review and to determine the main research areas in recent years. This study is intended to investigate the digital transformation of the coal industry with the below goals:
Research Questions:
What are the influences to digital transformation in the coal industry?
What are the main impacts of digital transformation on enterprises within the coal industry?
[bookmark: _Toc168239812]2.3 Research Method of Literature Review
[bookmark: _Toc168239813]2.3.1 Research process: 
The procedure of this review is shown in Fig. 1, with the following steps: Analyze early literature to identify the initially highly-cited journals that introduced the concept of digital transformation. Determine the key research keywords and the scope of journals involved, and filter out relevant journals while removing those unrelated to the study. Conduct visual analysis of the selected articles and analyze the results through clustering research fields, thereby grasping the main research themes and significant findings.
[bookmark: _Toc168239814]2.3.2 Data collection 
The search results were used to capture general trends in digital transformation using “digital transformation” as a keyword in the Web of Science database. Articles that initially introduced the concept of digital transformation were identified, and these early highly cited articles on digital transformation were analyzed. Further searches for articles related to digital transformation from 2019 to April 2024 were conducted through the Web of Science and ScienceDirect databases to gain insights into research trends in recent years.
Search topic key words: TS=(("digital transformation" OR "digitalization")AND ("coal industry digital transformation" OR "digitalization in coal sector" OR "digital technologies in coal mining" OR "coal mining industry 4.0" OR "smart mining digital transformation" OR "innovation and digital strategies in coal enterprises" OR "digital solutions for coal companies" OR "sustainable digitalization in coal industry")AND("digital technology" OR "IoT" OR "AI" OR "machine learning" OR "cloud computing" OR "big data analysis" OR "deep learning" OR "arithmetic"))
Research areas include: management ,business,economics,energy,social science ,business, social issues,sociology,statistics probability.
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Fig 1 Research Process（Created by the author）
Overall, the earliest highly-cited journal articles on digital transformation appeared in 2003 and 2006, with limited research on the topic prior to 2018. After 2019, research on digital transformation saw a rapid growth (Fig2), with 923 research articles matching the selected keywords (Figure 3). In the second phase, "Identification and Screening," duplicates across different databases were removed, yielding a total of 890 articles. From this list, journal articles and book chapters were included. In this step, all irrelevant book chapters were removed, leaving 833 articles. After further excluding review-type journals, 624 articles remained. Articles unrelated to the study topic, such as those on chemistry, health, and education, were also removed, resulting in 185 articles. To identify the most relevant literature, 185 articles were screened for inclusion in high-impact journals indexed by the Science Citation Index (SCI) and ABS/AJG, which narrowed the field to 102 articles. Finally, these 102 articles were reviewed, categorized, and analyzed.
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Fig 2 Number of articles in WOS （web of science）
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Fig 3 Procedure of article collection(PRISMA Statement, n.d.)
[bookmark: _Toc168239815]2.3.3 Data Analysis
Development of DT
Search results show that there was relatively little discussion about digital transformation before 2010. The period between 2015 and 2018 marked the initial exploratory phase of digital transformation research, which laid the foundations for understanding digital transformation. From 2019 to 2024, there has been a dramatic increase in research of digital transformation, which shows the growing academic interest and focus on this topic.
Research area of DT
By analysing the co-citation network map of keywords(Fig4), it is obviously that the focus of research on digital transformation has gathered in several key areas: technology research, organisational performance, innovation capabilities, business model innovation and Industry 4.0. 
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Fig 4 Keyword Network Visualization（Created by the author with VOSviewer）
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Fig 5 Word frequency cloud（Created by the author with Nvivo ）
The main limitation of VOS software is that it can only analyze keywords and is unable to analyze the abstracts or other content of articles. Therefore, a word cloud analysis on the abstracts, the results display the most frequently occurring words (Fig5).  
A review study of the literature for the current year (2019-2024) as well as a bibliometric study are conducted to analyze the current field of digital transformation research with a critical perspective. First, the introduction of Industry 4.0 and the epidemic outbreak are important external drivers of digital transformation. Further, the notion of digital transformation is critically scrutinized to review how digital technologies can contribute to transforming organisations and improving performance. At the same time, the impact of these factors on the implementation of digital transformation is analyzed from the perspectives of organizational change and institutions. The last study focuses on digital transformation research in the coal industry. These discussions deepened the comprehension of the complexity of digital transformation and offered new perspectives for future research and practice.
[bookmark: _Toc168239816]3 Research Finding：
[bookmark: _Toc168239817]3.1 Early literature
Early research initially explored the barriers and drivers of digital transformation(Andal-Ancion et al., 2003). Zhu et al (, 2006) noted that the main impacts of digital transformation come from external factors and stakeholder influence. While the implementation of digital technologies can enhance the dynamic capabilities of an organisation (Ardolino et al., 2018)，and drive sustainability(Pappas et al., 2018)，transformation is a comprehensive process involving a complete reinvention of organizational and management processes(Gobble, 2018). It will revolutionize the original business relationships and business models, which is the result of the joint action of participants - resources - activities(Pagani & Pardo, 2017). Therefore,Organizational forms, infrastructures and institutional settings are important factors in digital transformation (Hinings et al., 2018). As Sjödin et al.(2018) point out, developing digital talent, bringing in the technology of flexible processes and allocation modularity are the main focus of building a smart factory. Digital transformation should be the result of the combination of technology organization and environment (Zhu et al., 2006).
[bookmark: _Toc168239818]3.2 Impact of Industry 4.0
The concept of Industry 4.0 is an external driver for digital transformation. Industry 4.0 was first introduced by three German engineers at the Hannover Messe in 2011 (Kagermann, H. et al.) Since then, a new industrial revolution has begun. Industry 4.0 enables sustained increases in resource productivity and efficiency across the whole value network. Intelligent assistance systems relieve employees from their daily work, enabling them to concentrate on creative, value-added activities (Pfeiffer, 2017). According to Frank et al.(2019), Industry 4.0 can be categorized into front-end technologies (intelligent of manufacturing, supply chains, and jobs) and foundational technologies (IoT, cloud services, BDA). The implementation of foundational technologies is currently a challenge for companies.
Industry 4.0 leads industry and operations towards sustainability, but the knowledge that makes up a company's production and operations, including its wide range of concepts and elements, still lacks a systematic approach.Tseng et al (2021) identified eight research directions for Industry 4.0. Fakhar Manesh et al (2021) argued that organizations should rely on knowledge to maintain long-term advantage, pointing out the importance of knowledge management (KM) processes in Industry 4.0. In particular. Behl et al.( 2023) state that to successfully implement Industry 4.0, organizations need to do several things. This includes training employees in Industry 4.0 technologies, establishing advanced production technologies (IoT, big data and blockchain), and increasing productivity through human-computer interaction and smart infrastructure. This helps create value by optimizing production processes for lifecycle management. Overall, Industry 4.0 processes contribute to the digital transformation of companies.
[bookmark: _Toc168239819]3.3 Impact of the epidemic
The COVID-19 pandemic has led to business closures and economic risk. Digital technologies are having an increasing impact on the overall economy, which creates new business model opportunities for the company (Soto-Acosta, 2020). Mohapatra et al., ( 2022) noted that the manufacturing sector faces great challenges in the Covid-19 pandemic. It also pointed out that the three main technologies(IoT, big data analytics and artificial intelligence) can easily cope with the impact of the epidemic. Manufacturing companies can effectively cope with the impact of the epidemic through advanced digital technology transformation. Overall, coronaviruses are seen as the “great accelerationl” of digital transformation, which is considered as an opportunity for companies to enchance their workflows and adopt digitalization. Digitization also poses high probability risks of uncertainty in scope and scale for businesses. One of the main challenges comes from access to digital technology (Amankwah-Amoah et al., 2021).
Papanagnou et al., (2022) emphasized that derived by data, digital transformation can create value for firms in COVID-19 crisis. The study concludes that data-driven digital transformation (DT) in emergencies improves firms' dynamic capabilities and organizational resilience. For example, Xiaoqian Lu et al (2022) argue that during the pandemic COVID-19, firms can achieve sustainable development by quickly adopting digital technologies such as artificial intelligence in manufacturing or servicing processes. Klein & Todesco (2021) state that internal process improvement and external business model innovation are the main directions of development for the application of AI in SMEs. Knowledge management strategies are an important way for companies to utilize the opportunities of digital transformation, which is an essential way for SMEs to deliver growth in value.
Overall Industry 4.0 and the epidemic are two important external factors for companies to develop digital technologies, although the development of digital technologies can bring new opportunities for companies to create value. The various negative impacts that companies suffered during the epidemic also made them realize the importance of digital technology, but there are still huge challenges for many companies in developing digital transformation. In many situations, organisations are not clear on what digital transformation is or how to embark on it.
[bookmark: _Toc168239820]3.4 Definition of Digital Transformation
Morakanyane et al.,(2017) proposed an inclusive definition of digital transformation study that explored the concept of digital transformation in definition of its characteristics, drivers and impacts:
“Characteristics : It is a continuous process. It brings about fundamental changes in the organization. Digital transformation focuses more on using emerging technologies.”
“Drivers: driving organizational transformation by building a digital technology foundation”
“Impact: Value-creation is recognized as an important influence of digital transformation, whichincludes many factors”
Gong & Ribiere, ( 2021) summarized the different concepts of digitization and establishes a standardised denefition. “Digital transformation is a basic process of change that can be realised by innovative application of digital technologies and strategic use of core resources and competencies. It aims to to radically change an organisation for the better and redefine its value offer to its stakeholders”.
Mergel et al., ( 2019) stated that main driver of digital transformation is the external environment rather than internal pressures(digital transformation of own processes and service delivery),which is considered to be a process that has no end, but is an ongoing process. It requires constant adaptation of processes, services and products according to external demands. It may improve relationships between stakeholders, increase satisfaction, and change organizational culture.
Frankiewicz & Chamorro-Premuzic,( 2020) argue that digital transformation is not so much about technology as it is about talent. Talent development is an important factor in combining soft skills and hard skills knowledge. And leadership affects all aspects of the organization, such as the top leaders' mindset, values, integrity, and especially competence will be the main factors affecting digital transformation.
Digital transformation is a comprehensive change. During this process, digital technologies can have a disruptive impact. This includes triggering a strategic response from the organization to seek its new path to value creation. At the same time, this process affects the organization generating positive or negative structural changes and barriers (Vial, 2019).
[bookmark: _Toc168239821]3.5 Influence of Leadership
At the organizational level, three factors are important components in facilitating the development of digital technologies (Leso et al., 2023). For example, Chen & Hao(2022) argue that board member diversity has a moderating role in digital transformation in a constructive way. Similarly, Benitez et al. (2022) argue that digital leaders have good business and digital skills. They can influence business performance and innovation with the help of platform digital capabilities. Weber et al., ( 2022) studied leadership importance in the digital age. The study points out that task-oriented leadership behaviors and people-centered leadership behaviors work together to help teams mitigate the negative impacts of digital transformation. This enables organizations to remain competitive. From a new institutional perspective, transformational leaders can make organizations more agile in the digital environment (AlNuaimi et al., 2022). There are three crucial new types of institutions in digital transformation. They are organizational forms, infrastructure and institutional building blocks. Existing institutional arrangements determine the implications of digital transformation for policy, practice and research (Hinings et al., 2018). For SMEs, the digital self-efficacy and professional leadership of SME entrepreneurs significantly affects the success of their digital transformation (Malodia et al., 2023). Jia et al.(2024) concluded that SMEs are more inclined to apply proven transformation strategies. The main influences of digital transformation in SMEs are the entrepreneurs, vendors, customers and governments working together.
[bookmark: _Toc168239822]3.6 Impact of Employees
The staff, as an important part of the organisation, has features and actions that affect the digital transformation of the organisation. Scuotto et al.(2021) state that the personal digital competence of employees can be considered an important critical asset that enables companies to capitalize on new opportunities, increase efficiency, and find out new approaches to create and manage your business. Similarly, Blanka et al.(2022) argue that the transformational capabilities of employees, including intrapreneurship and digital competence, are critical to the transformation of organizations to digital. Organisations are required to reach a certain level of digital maturity, which is a reflection of employees' transformational capabilities and gives the organization a competitive advantage. Matsunaga(2024) believes that employee uncertainty can dramatically disrupt an organization's implementation of digital transformation.It is necessary for company to develop employee understanding of digital transformation if they want to successfully implement a digital strategy. Ahn & Chen (2022) argue that it can develop employees' comprehension and awareness of new skills by providing training to employees on artificial intelligence techniques in government, which can lead to sustainable digital transformation. Similarly, Ullrich et al.,( 2023) pointed out two ways such as training or increasing intrinsic motivation to enhance the active participation of employees in the process of reform.
Overall, leadership styles and capabilities are important for undertaking digital transformation. Research has also shown that employees’ understanding and behaviours can positively or negatively impact an organization's digital transformation.
[bookmark: _Toc168239823]3.7 Digital transformation of the coal industry:
Many studies have been conducted on digital transformation in manufacturing and other industries. Recent years, the exploration of the development of digital transformation in the coal industry has just started, and the research on digital transformation within the coal industry is also very limited. In response to environmental protection pressures, the Chinese Academy of Engineering has proposed steps for the digital transformation of China's coal industry, namely Mining 3.0, 4.0, and 5.0. In the coal industry's 3.0 stage, resource utilization efficiency is enhanced by advancing the construction of digital and intelligent mining. Environmental damage is reduced and safety is improved by accelerating the transition to clean energy. stage 4.0 aims to achieve manless mining and emission reduction, while stage 5.0 aims to achieve no coal on the surface, no one in the well, zero emissions and zero damage. The ultimate goal is to achieve a complete transformation from conventional to clean energy. These strategies are designed to promote the sustainable development of the coal industry and to meet environmental requirements(Wang et al., 2019)。
Similarly, L. Chen et al., (2023) studied the concept of Mining 5.0. It is stated that Mining 5.0 represents a moving from CPS to CPSS. Mining 5.0 encompasses three domains (physical, manual, and virtual worlds), three modes (autonomous, parallel, and emergency modes), and three technologies (base models, scenario engineering, and intelligent operating systems). This framework aims to elevate Environmental, Social, Governance (ESG) and Ethics, Responsibility, and Sustainability (ERS) goals, and to achieve Diversity, Equity, and Inclusion (DEI) through digital efforts.
Research has shown that digital transformation of coal mines can improve business performance and bring significant benefits to the protection of the environment and improve the sustainability of the mining industry. 
Li et al.( 2024) argued that digitization and the successful influence of green finance on the transformation of the mining industry have significantly increased the greening of the mining industry and improved operational performance.
Xu et al.(2023) showed that digital technology is an important driver in shaping CSR practices. Digital technologies help companies to solve social problems such as environmental pollution and ecological damage caused by mining activities. While digital technology in mining companies is an useful tool for CSR performance enhancing. However, its effectiveness can be affected by external environmental factors.
Zhou(2024)indicated that mining industry innovative and digital transformation can facilitate a sustainable economy. Technological applications may reduce the industry's environmental impact. An embraced innovative and digitized transformation in the mining industry can lead to an environmentally safe and sustainable economic growth.
The coal industry has started the digitization transformation to achieve the goal of intelligent mines. At present, the digital transformation of the coal mining industry mainly focuses on advanced technology research, infrastructure construction and the construction of intelligent systems. For example Barnewold & Lottermoser (2020) examined 107 of the different digital technologies employed in the mining industry. Small businesses' limited digital skills are most likely because of a lack of resources suitable for their operations. In contrast, larger mining operations are able to select the right technology for their needs, while smaller enterprises require customized solutions to meet their specific capabilities and requirements. Wang et al.(2022) introduced the advanced technology of intelligent mines. It also proposes construction standards and technical specifications. It is suggested to promote the intelligent coal mine development through the implementation of classification and grading standards, accelerating the research of key technologies, and constructing a new type of management and control mode. Xie et al., (2022)proposed the Mining Smart Product Service System (MSPSS), which uses digitization to increase the quality and efficiency of decision-making, reduce design time, and lower costs, which make mining operations safer and more efficient. Fan et al.(2022) emphasized the importance of new digital infrastructure (NDI) building under the carbon neutrality goal, which effectively contributes to the transformation of the energy by increasing green production and supporting green finance. It is particularly significant in regions with low pollution and energy cooperation policies.
Solving the inefficiency of intelligent construction, He et al. (2023) pointed out that the intelligence of infrastructure, the intelligence of safety monitoring, and the construction of database, mobile internet, big data and model algorithm are key factors in intelligent mine. 
Although autonomous mining systems can increase mine productivity, efficiency and safety, which applicated in developed countries. However, there are gaps in developing countries. Knowledge gaps, lack of planning and enforceable policies, and concerns about rising unemployment are the main resistance. (Ali & Ur Rehman, 2020).
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Fig 6 key variables (created by author according to literature review)
[bookmark: _Toc168239824]4 Conclusions
The findings show that the advancement of Industry 4.0 and external factors such as epidemics have greatly accelerated the digital transformation of companies. Digital technology is a crucial factor in driving digital transformation, and it is particularly important in the coal industry. Researchers have identified key digital technologies in the industry. Digital transformation is a process that involves comprehensive change, which requires not only leadership support but also organizational responsiveness. The impact of policies and the establishment of institutions are also important factors driving digital transformation. In China, the coal industry has made remarkable progress after more than a decade of informationization. In recent years, the coal industry has actively promoted the construction of “digital coal” in the context of the country's efforts to promote digital transformation.According to literature reviews, this article illustrate the main variables and links of digital transformation in coal mining inductry(Fig6). 
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