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Abstract. The article is devoted to the problems of the formation of the market for the recycling and use of ICT equipment in the conditions of the circular economy of digital enterprises. It is justified that the development of the ICT equipment reuse and processing market in enterprises operating under conditions of digital transformation in the modern era, when the digital innovation economy is being formed, is one of the important issues in recent years. The rapid development of modern digital technologies has led to a significant increase in the production and consumption of new ICT equipment. The special importance of the help of UN Sustainable Development Goals was mentioned in solving such issues. The massive increase in the production and consumption of ICT equipment has made the formation of the second-hand ICT market a necessary issue. Therefore, the scientific-theoretical and normative-legal bases of the reuse and processing of ICT equipment were analyzed. Aspects of the influence of the second-hand market in improving the efficiency of ICT implementation have been determined. The essence of the market for the reuse and recycling of ICT equipment of digital enterprises has been explained, and the stages of the recycling process have been worked out. The current importance of the effective formation of the market for recycling and use of ICT equipment in digital enterprises in the conditions of a circular economy and increasing its sustainability by means of digital technologies has been shown for the modern era. Appropriate proposals and recommendations were made on the introduction of the elements of the Industry 4.0 platform, and the formation of the concept of the future development of the second-hand ICT market.
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Introduction, relevance, and setting of the problem. The rapid development of modern digital technologies has led to a significant increase in the production and consumption of new ICT equipment. This process has also led to a massive increase in e-waste, its management, and an ever-increasing concern in the disposal and recycling of ICT equipment. The rapid development of ICT has resulted in an increase in the amount of e-waste, indicating an urgent need for effective recycling processes. Therefore, the development of the circular economy, which aims to create a closed circular system that maximizes resource efficiency and minimizes environmental impacts in this sphere, is one of the urgent issues for the modern era. For this reason, in the continuous development of the digital circular economy, the formation of the ICT equipment recycling market of digital enterprises is of particular importance.
It should be noted that combating electronic waste is part of the UN Sustainable Development Goals [1], especially 1) Good health and well-being. To ensure a healthy lifestyle and promote well-being for all age groups; 2) Decent work and economic growth. Promote inclusive and sustainable economic development as well as full and productive employment for all; 3) Industry, innovation, and infrastructure. Build solid infrastructure, promote inclusive and sustainable industrialization and innovation; 4) Sustainable cities and communities. Making cities and other human settlements inclusive, safe, resilient, and sustainable; 5) Responsible production and consumption. Ensure sustainable consumption and production patterns; 6) Fight against climate change. Take urgent steps to combat climate change and its effects, etc. helps to solve such goals.
In the conditions of digital transformation (https://president.az/articles/51299), the formation of the ICT equipment recycling market has become an integral part of life. However, rapid technological advances and shorter product life have led to a significant increase in e-waste (United Nations Environment Programme - Global E-waste Monitor: www.globalewaste.org). 
To combat this problem and promote sustainable practices, the concept of circular economy has come to the fore. The massive increase in the production and consumption of ICT equipment has shaped the Second-hand ICT market. This plays a decisive role in the development of the circular economy by extending the life of ICT equipment (European Union Circular Economy Action Plan: ec.europa.eu/environment/circular-economy). 
In this regard, the main task and problem of the presented research are to improve the efficiency of the material resources used in the production process in the scientific-technological environment, to realize the reuse of waste, to determine the ecological and economic efficiency of the implementation of digital technology solutions in the field of processing raw materials, and to improve and develop new ones. The study of the main features, principles, problems, and potential solutions of the formation of the ICT equipment market is carried out as an important issue. For this reason, the presented article is dedicated to the investigation of some problems related to its efficient management using digital technologies in the formation of the market for recycling and the use of ICT equipment in the conditions of the digital circular economy in enterprises [2-6].
Scientific-theoretical basis of recycling and recycling of ICT equipment. The reuse and recycling of ICT equipment are supported by relevant scientific-theoretical foundations that include various concepts, principles, and frameworks (Figure 1).














Figure 1. Scientific-theoretical basis of recycling and recycling of ICT equipment

First of all, the scientific-theoretical basis for the reuse and recycling of ICT equipment is based on the Circular economy. The circular economy concept is the basis for the reuse and recycling of ICT equipment. It advocates reducing waste, increasing resource efficiency, and keeping products and materials in use as long as possible. The circular economy approach emphasizes the importance of designing products for reuse, repair, and recycling. Life cycle assessment under such conditions. Life cycle assessment is a methodology used to assess the environmental impacts of a product or system throughout its life cycle, including raw material extraction, production, use, and end of life. Life cycle assessment shows the environmental benefits of reusing and recycling ICT equipment compared to disposal [3, 5, 6]. 
Another key is the waste hierarchy. The waste hierarchy is a concept that prioritizes waste management strategies based on their environmental impact. It identifies a hierarchy of options with prevention as the most preferred option, followed by reuse, recycling, recovery, and disposal. Reuse and recycling of ICT equipment is considered higher in the waste hierarchy and helps to save resources. In terms of eco-design and product management, it should be noted that eco-design principles focus on designing products that minimize environmental impact throughout their life cycle, including ease of repair, upgrade, and disassembly for reuse and recycling [6-9]. 
Product stewardship refers to the responsibility of manufacturers and other stakeholders in managing the entire life cycle of a product, including the end-of-life phase. In this process, attention should be paid to material flow analysis. Thus, material flow analysis is a method used to measure and analyze the amount of flow of materials and products within a system. It helps identify opportunities for resource efficiency, waste reduction, and establishing effective recycling and reuse systems for ICT equipment.
Another important factor enabling efficient and effective reuse and recycling of ICT equipment is technological advances and innovations [8-11]. Innovations in data erasure and destruction, repair processes, and recycling technologies contribute to the scientific basis for the sustainable management of ICT equipment. At the same time, attention should be paid to the development of Sustainability and Environmental Management Systems in this process. Principles and frameworks of sustainability and environmental management systems such as ISO 14001 guide organizations in integrating environmental considerations into their operations. These systems provide a framework for implementing good practices for the reuse and recycling of ICT equipment.
As researchers and practitioners continually contribute to the understanding of environmental impacts, technological advances, and policy frameworks, the scientific basis for the reuse and recycling of ICT equipment continues to evolve. It provides the basis for developing strategies, policies, and best practices that support the continuous management of ICT equipment throughout its life cycle.
Normative and legal bases of ICT equipment reuse and processing. Some authoritative sources on the legal basis of recycling and recycling of ICT equipment should be cited: 1) United Nations University Institute for Advanced Research on Sustainability and related projects. The E-Waste Challenge initiative publishes research and reports, including the legal framework for e-waste management. Their website can be accessed to explore publications on the reuse and recycling of ICT equipment. 2) The United Nations Environment Program prepares reports and guidelines on e-waste management, including legal aspects. Their report "Legal Aspects of E-Waste Management" contains a wealth of information on international and national legal frameworks for the reuse and recycling of ICT equipment. 3) The Basel Convention on the Control of Transboundary Movements of Hazardous Wastes and Their Disposal is an international agreement that provides for the management of hazardous and electronic waste. The Convention's website provides access to a variety of resources, including publications and technical guidance on the legal framework for e-waste management. 4) The European Union has implemented directives and regulations governing e-waste management, including the Waste Electrical and Electronic Equipment Directive. The official website of the European Commission provides access to legislative documents, reports, and guidelines on e-waste management within the European Union. 5) Academic Journals. Several academic journals in environmental law, waste management, and sustainability frequently publish research articles on the legal basis of ICT equipment reuse and recycling. Some relevant journals include "The Journal of Environmental Law," "Journal of Cleaner Production," and "Resources, Conservation and Recycling," etc. can be shown. Articles in those journals can be searched using academic databases such as Scopus or Google Scholar.
 Aspects of second-hand market formation characteristics and impact on increasing ICT application efficiency. It is worth paying attention to some theses about the features of the second-hand market formation and its impact on increasing the efficiency of ICT applications (Figure 2).













Figure 2. Aspects of the impact of the second-hand market in improving the efficiency of ICT implementation
One of the main features of the second-hand market is the availability of affordable technology. As ICT equipment develops rapidly, new models are constantly introduced to the market. This leads to a higher turnover of devices, making it possible to obtain previous-generation technologies at lower prices on the second-hand market. This affordability factor gives individuals and businesses access to ICT tools and technologies that may otherwise be financially out of reach.
The second-hand market contributes to reducing the environmental impact by extending the useful life of ICT equipment. Instead of discarding devices prematurely, the market allows these products to be reused and repurposed. This reduces the need for new manufacturing, thereby conserving resources and minimizing e-waste. Longer use of ICT equipment through the second-hand market is in line with the principles of circular economy and sustainable consumption.
The second-hand market offers a wide range of ICT products from different manufacturers, models, and generations. This variety allows individuals and businesses to choose from a variety of devices that suit their specific needs and preferences. In addition, it allows experimentation with different technologies and provides opportunities for innovation and creative applications.
The second-hand market plays an important role in promoting digital inclusion by making ICT devices more accessible to individuals with limited financial resources. This is particularly important in terms of bridging the digital divide and ensuring equal opportunities for education, employment, and social participation. Access to affordable ICT equipment enables individuals and communities to connect, learn and contribute to the digital economy [10, 11].
The second-hand market contributes to resource efficiency by extending the life of ICT equipment. Instead of discarding the devices prematurely, they are given a second life, the need for new products is reduced and the removal of raw materials is minimized. This is in line with the principles of a circular economy where resources are optimized, waste is minimized and the value of products is maximized through reuse and recycling.
The second-hand market provides opportunities for innovation and experimentation with ICT applications. Individuals and businesses can purchase older model devices at a lower cost, allowing them to explore new technologies, develop innovative solutions, and test different software applications. It fosters a culture of creativity and facilitates the development of new ICT applications that can improve efficiency and productivity.
The essence of the digital enterprise ICT equipment reuse and recycling market. Second-hand experiences or reuse is a relatively broad concept. This means extending the useful life (İndex of second-hand. The Kijiji Second-Hand Economy Index Report). 
The second-hand economy is the lifetime of products by ensuring that they are reused by other people. This can take a number of different forms: donations, second-hand purchases, exchanges, free sharing, paid sharing, rentals, or loans. The growth of the ICT equipment reuse and recycling market is one of the issues of importance in recent years. As technology advances rapidly, consumers and businesses alike are looking for more affordable options and environmentally friendly alternatives. The second-hand ICT market plays an important role in meeting these demands by providing a platform for the sale and purchase of pre-owned ICT devices. For this purpose, the characteristics and principles underlying the formation of the second-hand ICT equipment market are investigated [3, 5].
In the era of rapid technological progress, the proliferation of ICT equipment is becoming more and more common. However, this rapid pace of technological innovation has resulted in a significant challenge – the proper disposal and management of e-waste. To solve this problem, the concept of recycling ICT equipment has emerged as a key component of the circular economy. In the context of the circular economy, it examines the characteristics and principles that give rise to the formation of ICT equipment recycling [11, 12]. As technology continues to advance rapidly, the disposal and management of ICT equipment is becoming increasingly important. With the ever-increasing use of smartphones, computers, tablets, and other electronic devices, proper recycling of ICT equipment has become essential to promote environmental sustainability.
The global regulatory environment for e-waste is rather weak. Currently, only 78 out of 193 countries (40% of countries) are covered by an e-waste policy, legislation, or regulation. By adopting the Connect 2030 Agenda, ITU Member States have set a global ITU e-waste target of increasing the global e-waste recycling rate to 30% and the percentage of countries with e-waste legislation to 50% by 2023. They have also committed to reducing unnecessary e-waste by 50% (Creating a circular economy for ICT equipment. https://www.itu.int/en/mediacentre/backgrounders/Pages/e-waste.aspx). 
The second-hand market for ICT products has emerged as an important sector within the wider technology industry. This market covers a wide range of used ICT equipment including computers, smartphones, and other electronic devices. The second-hand market can be broadly defined as the acquisition or intentional disposal of ICT goods: used or new; the original condition and function have been preserved; those who have one or more previous owners; transfer of ownership, use, or rental only. In general, the structural elements of the second-hand economy include 1) Personal purchases, 2) Rentals, 3) Online sales, 4) Exchanges, 5) Donations, etc. includes. The steps for recycling ICT equipment can be given as in Figure 3.

















Figure 3. Stages of ICT equipment recycling

Educating individuals and organizations about the importance of recycling ICT equipment is critical. Awareness campaigns provide information about recycling facilities and programs and demonstrate the environmental benefits of disposal. Collection points or recycling centers are established where individuals and businesses can dispose of old or obsolete ICT equipment. Collaborated with local authorities, e-retailers, and manufacturers to provide convenient access to recycling options. Manufacturers should be encouraged to be responsible for the life cycle of their products, including recycling and proper disposal of ICT equipment. Extended producer responsibility programs can encourage manufacturers to design devices with recycling in mind and facilitate e-waste management. Ensure that any sensitive information is securely erased or destroyed before recycling ICT equipment. It protects personal and confidential information from unauthorized access.
Conclusion. In the era of the formation of the Knowledge Society and Digital innovation economy, the recycling and use of ICT equipment are very important for building a sustainable future for enterprises operating in the scientific and technological environment. By effectively managing the disposal of electronic devices, you can minimize the impact on the environment, save resources and reduce e-waste. Governments, organizations, and individuals play an important role in promoting and participating in ICT equipment recycling initiatives. But with concerted efforts, we can adopt a more sustainable approach to technology and contribute greatly to a greener planet.
The formation of a recycling market for ICT equipment in digital enterprises is crucial for sustainable waste management and resource conservation. However, various challenges need to be addressed to promote the growth of this market. By raising awareness, developing supportive policies, leveraging technological advances, and addressing financial and supply chain complexities, businesses can overcome these challenges and contribute significantly to the creation of an ICT equipment recycling market. Collaboration between stakeholders, including government agencies, industry associations, and research institutes, is essential to drive innovation and find effective solutions to emerging challenges in the recycling market.
The formation of a recycling and recycling market for ICT equipment within the framework of a circular economy is important for resource management and waste reduction. However, several challenges also need to be addressed to promote the growth of this market. Raising awareness, developing supportive regulatory frameworks, improving the collection, sorting, and infrastructure of reusable equipment, addressing data security issues, and ensuring economic sustainability through innovative business models are key steps to overcome these challenges. Collaboration between government authorities, industry partners, and research institutes is crucial to accelerate the transition to a thriving ICT equipment reuse and recycling market in the circular economy.
The characteristics of the formation of the second-hand market for ICT products help to increase the efficiency of ICT applications in various ways. By providing affordable technology, reducing environmental impact, offering access to diverse products, supporting digital inclusion, and promoting resource efficiency and innovation, it is possible to increase the value and lifespan of second-hand market ICT equipment. Harnessing the potential of the second-hand market will lead to more efficient use of ICT resources, bringing greater benefits to individuals, businesses, and the environment.
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Проблемы формирования рынка повторного использования и переработки ИКТ-оборудования цифровой предприятий в условиях циркулярной экономики 

Аннотация. Статья посвящена проблемам формирования рынка переработки и использования ИКТ-оборудования в условиях циркулярной экономики цифровых предприятий. Обосновано, что развитие рынка повторного использования и переработки оборудования ИКТ на предприятиях, работающих в условиях цифровой трансформации в современную эпоху, когда формируется цифровая инновационная экономика, является одним из актуальных вопросов последних лет. Стремительное развитие современных цифровых технологий привело к значительному увеличению производства и потребления нового ИКТ-оборудования. Отмечена особая важность поддержки Целей устойчивого развития ООН в решении таких вопросов. Массовое увеличение производства и потребления оборудования ИКТ сделало необходимым формирование рынка подержанных ИКТ. Поэтому были проанализированы научно-теоретические и нормативно-правовые основы повторного использования и переработки ИКТ-оборудования. Определены аспекты влияния рынка вторичного  использования на повышение эффективности внедрения ИКТ. Объяснена сущность рынка повторного использования и переработки ИКТ-оборудования цифровых предприятий, проработаны этапы процесса переработки. Показана актуальность эффективного формирования рынка переработки и использования ИКТ-оборудования на цифровых предприятиях в условиях экономики циркулярной экономики и повышения его устойчивости посредством цифровых технологий для современной эпохи. Сделаны соответствующие предложения и рекомендации по внедрению элементов платформы Индустрии 4.0 по формированию концепции перспективного развития рынка повторного использования и переработки ИКТ-оборудования.
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