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This study is focused on applying environment-friendly materials (EFM) to construct sports facilities for sustainability. The current status and future potential of using EFM in sports facility construction are concretely discussed with a thorough literature review and analysis. First, we discuss the concept and significance of EFM, especially in terms of its advantages in reducing carbon emissions and conserving resources: e.g., Europe carries out the EU Horizon 2020 plan, which invests 3.018 billion euros for studying climate action, environment, resource efficiency, and rare materials for green manufacturing. Second, the application of EFM in venue construction, e.g., sports stadiums, is comprehensively reviewed and evaluated, including using renewable materials, energy-saving technologies, and eco-friendly architectural designs. Third, the challenges and future developing trends of applying EFM in sports facility construction are discussed by considering constructional design and material selection. We find that EFM shows great potential in constructing sports facilities, playing a key role in promoting the sustainable development of sports facilities and a low-carbon economy.
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1 INTRODUCTION
Environment-friendly materials (EFM) refer to materials posing a small or harmless impact on the environment and can promote sustainable development during their production, use, and disposal stages (Abdur et al., 2023) (Yashas Gowda et al., 2018). The purpose of the review is listed in the following several aspects: (i) Exploring the potential of EFM in constructing sports facilities0 (YUE et al., 2024), such as recreational areas, buildings, and fixed facilities used for sports competitions, training, teaching, and mass fitness activities: with the fast developing economy, environmental protection has become a global topic where EFM is essential in sports facilities. (ii) Exploring the feasibility of EFM in sports facilities: EFM exhibits unique properties such as ultraviolet resistance, corrosion resistance, and wear resistance. The feasibility of these materials in sports facilities needs to be studied in depth (Bharath et al., 2021). (iii) Promoting the concept of environmental protection: applying EFM in sports facilities can promote the concept of environmental protection, and raise public awareness of environmental protection (Kobetičová et al., 2022). (iv) Promoting the sustainable development of sports: using EFM in sports facilities can effectively promote the sustainable, green development of sports and the whole society (Zhang et al., 2019).
Currently, energy and resources are being largely consumed. There is an urgent need to develop new energy sources and reduce consumption, especially in the construction industry (Li et al., 2019; Yi et al., 2014). Some developed countries first used green materials and enacted laws to protect the environment (Rana et al., 2024) Using green materials and setting green standards then became popular worldwide (Du, 2017). In the 1960s, Paola Soleri put forward the idea of “eco-architecture”, which made green buildings come to light (Aiduang et al., 2022; Hadlahalli chandrashekar et al., 2024). Since the 1980s, the concept of green design involved in interior design. Since the 1990s, green design concepts have been emphasized by more designers (Jerry, 2014). In 1995, Leadership in Energy and Environmental Design (LEED™) was written by the U.S. Green Building Council, which proposed the LEED™ rating system to evaluate the national building design process with considerable authority and validity. U.S. architect, Jerry Yudelson, who wrote the LEED™ report published by the U.S. Green Building Council, has been a leading authoritarian in building design (Jerry, 2009). LEED™ was established and implemented by the United States Green Building Council. At present, it is considered to be the most perfect and influential evaluation standard in all kinds of building environmental protection assessment, green building assessment, and building sustainability assessment standards. LEED certification evaluation elements have 6 major evaluation indicators, each of which includes 2 to 8 evaluation subitems, with a total of 41 indicators with each dimension index score different. From high to low, they were Energy and Atmosphere (17 points), Indoor Environmental Quality (15 points), and Sustainable site evaluation (15 points) Sites (14 points), Materials and Resources (13 points), Water Efficiency (5 points), and Innovation and Design Process (5 points), with a total project score of 69 points. 26–32 points passed the certification; 33–38 points lead to a silver grade; 39–51 lead to a gold; 52–69 points lead to a platinum (Li and Liu, 2015). In Greening Existing Buildings,,Jerry Yudelson wrote about transforming existing buildings into more energy-, resource-efficient, and environment-friendly buildings and proposed a step-by-step approach to realizing the integration of green design concepts into the design of buildings, from pre-design and construction to post-operation and maintenance (Jerry, 2009; Xiong et al., 2022). In Development of a sustainable environment-friendly waste management system at large mass and sports events, Lada Rozhdestvenskaya presented the types of waste generated at the functional areas of the competition venues, examined the practice of solid waste disposal: possible utilization and collection technologies, and described the waste management options for the various phases of sports competitions (Verma et al., 2022; Rozhdestvenskaya et al., 2021). Energy-saving and environmental protection technology is constantly developing and moving forward (Thyavihalli Girijappa et al., 2019). After years of industrialization and urbanization, human beings prefer to live in a comfortable, close-to-nature living environment, which greatly improves the concept of energy-saving and EFM (O’Hegarty et al., 2021; Green Interior Design, 2012).
Applying EFM in constructing sports facilities is attracting more and more attention. However, the research and development cost of EFM is higher than that of traditional materials, especially in the early stage of research and development, which often requires a lot of manpower and material resources, and the economic benefits it brings are often difficult to reflect in the short term. Second, some EFM is still in the stage of research and development and preliminary application, and unified quality standards and technical specifications have not been established, and the overall standardization of the industry needs to be improved. Finally, although the application of EFM investment is a major trend, there is still a lack of policy support, in the future need to establish a more perfect reward and punishment mechanism and incentive measures, so that the application of EFM is implemented. To deal with the above problems, we can increase the investment in the research and development of EFM, and promote the reduction of research and development costs through the continuous promotion of technological innovation; Establish and improve the system of production and management of EFM, strengthen the cooperation between the production department of EFM and the competent department of the construction industry, build an integrated standard system from scientific research, production, building design to construction application, and improve product quality and credibility; Formulate and implement standards such as land saving, energy saving and water saving, and adopt policies such as tax relief and subsidies for the application of EFM, to comprehensively promote the application of EFM, more research will be done in the future to delve deeper into this topic.
In the Advanced Manufacturing Partnership Program (AMP2.0), the U.S. listed “sustainable manufacturing” as one of the 11 key technologies to revitalize manufacturing. The U.S. Department of Energy, the Department of Defense (Executive Office of the Presidents Council of Advisorson Scienceand Technology, 2019), the National Foundation Committee, the Department of Commerce, and other agencies jointly built the strategic framework of advanced manufacturing in the United States (Green Interior Design, 2012) Europe carries out the EU Horizon 2020 plan, in which 3.018 billion euros are used for the research of climate action, environment, resource efficiency and rare materials in the research field of social challenges closely related to green manufacturing (Horizon, 2019). The British government will promote sustainable manufacturing (Green manufacturing) defined as the next-generation of manufacturing and has developed a sustainable manufacturing roadmap for 2013–2050 (CAO et al., 2020a; United Nations Habitat, 2023; GOV.UK, 2019) Modern materials science emphasizes the needs of people on the spiritual level: the green concept begins to be applied to building space. At the same time, with the development of a variety of materials and along with new scientific technologies, the construction of engineering equipment has made outstanding contributions to the development of new building materials all over the world. (Wu, 2018; LUHAR et al., 2019).
In the 1980s, researchers began to pay attention to the protection of the environment, and more and more designers began to study how to incorporate environmental design concepts into contemporary design, and how to reduce the waste of resources and its damage to the environment in the process of the interior and exterior design (Victor, 2020). In the 1990s, researchers in many developing countries gradually applied green design concepts to architecture and interior design. For example, in The Application of New Plastic Composite Materials in Sports Facilities and Equipment in the Context of Environmental Protection, Zhu suggests that new plastic composite materials have begun to be widely used in manufacturing sports facilities and equipment, and have been verified through practice (Zhu, 2023). Compared with conventional metal and alloy materials, new plastic composite materials have the advantages of longer service life, easier processing, and lower cost. The manufacturing of these materials is mostly based on green technology and has little environmental impact (Elfaleh et al., 2023; Kumar et al., 2024a). Cui points out in The Application of Green Materials in the Construction of Sports Facilities Based on Environmental Sustainability that in the context of sustainable development of the socio-economic environment, the construction of sports facilities has begun to use green materials (Cui, 2022). These can not only reduce the consumption of resources but also reduce its harm to the ecological environment (Elfaleh et al., 2023; Cui, 2022). Therefore, in the reform and development of sports equipment, it is necessary to study green materials, focusing on their application in sports facilities, especially nanomaterials. In the Use of EFM in Sports Equipment Design, Jiang points out that the application of EFM in sports is becoming increasingly widespread, from sports equipment to sports clothing and even in constructing sports facilities0 (YUE et al., 2024). China’s national standard GB/T 50378–2019 (2024 edition) “Green Building Evaluation Standard” is implemented on Oct. 1, 2024. Further, clarifying the requirements for the pre-evaluation stage of green buildings, adding new provisions on green building design, green building instruction manual, green building performance insurance, etc., and continuing to lead the development of high-quality green buildings (Jiang, 2022). Despite the rapid development of many developing countries’ sports industry in recent years, EFM needs to be further used (Jiang, 2022; Wang et al., 2024). Studying and developing green materials require high costs, which limits the popularization of EFM. Nonetheless, in recent years, with the state’s strong support, the green industry is expanding, and technology in the sports industry is also on the rise (Cao et al., 2020).
In general, applying EFM in the design of gymnasium buildings is mainly focused on exploring the characteristics of EFM and their positive effects on the environment and the promotion of environmental protection concepts. However, we still need to develop and apply practical green materials. Much of the literature is focused on applying EFM in constructing sports facilities, analyzing the environmental friendliness, feasibility, and benefits of EFM from different perspectives and methods, and providing a good reference for their applications (Qin and Kaewunruen, 2022).
2 RESEARCH THOUGHTS AND OBJECTIVES
The data of this study were collected from the Web of Science Core Collection database from “January 1, 2010 to January 1, 2025”, and the language was limited to English. The SCI-EXPANDED core database was further screened. Search with the keywords “environment-friendly Materials”, “Environment Friendly Materials” or “sports facilities”. A total of 3468 foreign literature were retrieved and included in the research sample rows (except critical articles, frontispiece, etc.), as shown in Figure 1. Screening of included literature selects 9 Web of Science categories: Materials Science Multidisciplinary, Chemistry Physical, Chemistry Multidisciplinary, Green sustainable Science Technology, Physics Applied, etc., are screened according to document types, document titles, and keywords; 193 pieces of literature related to this research theme were obtained.
[image: Figure 1]FIGURE 1 | Literature review flow chart.
2.1 Research thoughts
2.1.1 The types and properties of EFM
This study investigates the physical and chemical properties of various EFM, such as renewable energy, recycled building materials, green roofs, and water recycling systems. The goal is to understand their potential applications in sports stadiums.
2.1.2 The application of EFM in sports stadium construction
This study explores the specific applications of EFM in sports stadiums, including building structures, roofs, walls, floors, underground pipes, and equipment (Vinod et al., 2021). The goal is to assess their specific application effects and sustainability.
2.1.3 The application of EFM in sports stadium operation and management
This study analyzes the application of EFM in the operation and management of sports stadiums, including energy management, waste management, and water resource management (Elfaleh et al., 2023). The goal is to understand their potential benefits in these areas.
2.1.4 The impact of social, economic, and policy factors on the application of EFM in sports stadiums
This research investigates the impact of social, economic, and policy factors on the application of EFM in sports stadiums. The goal is to understand how these factors can be leveraged to promote the adoption of EFM.
2.1.5 Development of optimized solutions for the application of EFM in sports facility construction
This research synthesizes the findings from the previous research phases to develop optimized solutions for the application of EFM in sports facility construction. The goal is to maximize the environmental and economic benefits of these materials.
2.2 Research objective
2.2.1 Exploration of the application potential of EFM in sports stadiums
This objective is to understand the potential applications of EFM in sports stadiums by studying their physical and chemical properties (Cao et al., 2020).
2.2.2 Assessment of the application effects of EFM in sports stadium construction
This objective is to evaluate the specific application effects of EFM in sports stadiums in terms of sustainability, energy conservation, and emission reduction (Qin and Kaewunruen, 2022).
2.2.3 Analysis of the impact of social, economic, and policy factors on the application of EFM in sports stadiums
This objective is to understand how social, economic, and policy factors can influence the application of EFM in sports stadiums.
2.2.4 Development of optimized solutions for the application of EFM in sports facility construction
This objective is to develop optimized solutions for the application of EFM in sports facility construction to maximize their environmental and economic benefits (Elfaleh et al., 2023; Reis et al., 2024).
Overall, the goal of this research is to explore the application of EFM in sports stadiums to achieve sustainability, reduce carbon emissions, and conserve energy. The research will contribute to environmental protection and sustainable development.
3 KEY ISSUES ADDRESSED AND INNOVATIONS OF EFM
3.1 Key issues
3.1.1 Types and properties
Studying the physical and chemical properties of various EFM and their applicability in constructing sports facilities (Reis et al., 2024).
3.1.2 Cost and feasibility
Assessing the economic cost, feasibility, and advantages and shortcomings compared with traditional materials; combining them for the best results (Zhang H, 2020).
3.1.3 Assessing the efficacy of the application in constructing sports facilities
Using scientific methods to assess the efficacy of applying them in constructing sports venues, including sustainability, energy saving, and emission reduction, and maintenance costs.
3.1.4 Influence of social, economic, and policy factors
The influence of social, economic, and policy factors on promoting and applying them in constructing sports facilities and the corresponding solutions (Adams, 2019).
3.2 Innovations
3.2.1 Application of EFM
The application of EFM to construct sports facilities provides a new option for constructing sports facilities.
3.2.2 Promoting sustainable development
Adopting EFM helps reduce carbon emissions, energy consumption, and environmental pollution and promotes sustainable development (Adams, 2019).
3.2.3 Comprehensive benefits
EFM can improve sports facilities’ efficiency, reliability, and safety and reduce operation and maintenance costs.
3.2.4 Policy guidance
The study will help promote policy formulation to guide the broader use of EFM and support the technological development of EFM.
4 TECHNICAL ROUTES
The current situation and development trend of the application of EFM in constructing sports facilities and evaluating the application of EFM in constructing sports facilities is understood by considering a variety of factors such as theoretical research, practical effects, socio-economics as well as policy requirements.
4.1 Screening of EFM
First, it is necessary to screen EFM and select materials that meet environmental requirements and are suitable for constructing sports facilities. These materials can be renewable resources, biodegradable materials, etc.
4.2 Material performance test
The screened environmental materials are subjected to performance tests, including strength, durability, waterproofness, and corrosion resistance. These tests can ensure that the selected EFM meets the sports facilities’ construction requirements.
4.3 Material application
According to the needs of different sports facilities construction, an application test is carried out on the selected EFM. For example, the use of renewable materials in paving sports venues or the use of degradable materials in manufacturing sports equipment.
4.4 Environmental assessment
When EFM is used in constructing sports facilities, their impact on the environment needs to be assessed. These can ensure that the EFM used will not harm the ecological environment (Turk and Demirhan, 2013).
4.5 Technological innovation and promotion
In the application test of the environment-protected materials, there is a need for continuous technological innovation and promotion (Kuhn et al., 2022). The utilization process of EFM is a complex system engineering problem that fully considers resource and environment issues and reflects the characteristics of interdisciplinary research. The utilization process of EFM is shown in Figure 2. It covers a wide range, including machinery, electronics, chemical industry, etc., covering almost the entire engineering field. Green design, green use, clean production, and green recycling are the embodiment of sustainable development strategy in the field of materials science. These can promote the application of EFM in constructing sports facilities and promoting environmental protection.
[image: Figure 2]FIGURE 2 | Schematic diagram of the utilization process of EFM.
5 BRIEF DESCRIPTION OF THE STUDY, EXPECTED RESULTS, AND FORM OF APPLICATION
5.1 Overview of EFM in the environmentally sustainable development context
In the context of environmentally sustainable development, eco-friendly material is a solution to mitigate environmental problems, primarily aiming at reducing carbon emissions, minimizing resource consumption, and protecting the environment. Eco-friendly materials have less negative impact on the environment during their life cycle (MA et al., 2014). These materials usually have the following characteristics.
5.1.1 Low carbon emissions
The production and use of EFM produces less greenhouse gas emissions (Li, 2023). They can reduce their carbon footprint by adopting clean energy supply chains, reducing energy consumption, and using renewable energy sources.
5.1.2 Resource conservation
EFM is produced to minimize excessive consumption and depletion of natural resources (FAY et al., 2007). The need for raw materials can be reduced by recycling waste, using renewable resources, or adopting efficient production techniques.
5.1.3 Environment-friendly
EFM tends to have a lower risk of environmental pollution and ecological damage (Ul Haq et al., 2023). They contain no or fewer hazardous substances and can effectively reduce the risk of soil, water, and atmosphere pollution.
5.1.4 Long life and recyclability
EFM typically has a long service life and can be recycled and reused to reduce waste generation. They are designed and manufactured with recyclability and secondary use of materials (Wu, 2021; He, 2018).
In the context of environmentally sustainable development, EFM is used in various applications, covering various fields such as construction, transportation, energy, and electronics. They can be used in constructing and renovating buildings and infrastructure, manufacturing environment-friendly transportation and electronics, and promoting the development and use of renewable energy.
In conclusion, environment-friendly material in the environmentally sustainable development context is a sustainable solution that can help reduce carbon emissions, minimize resource consumption, and protect the environment. Through wide applications of these materials, a low-carbon economy can be promoted, and sustainable development goals can be realized (Chandran et al., 2024).
5.2 Developing direction of EFM in the context of the environmentally sustainable development
5.2.1 Low-carbon material innovation
In the context of environmentally sustainable development, low-carbon material innovation is one of the crucial directions in developing EFM. The R&D and application of low-carbon materials aim to reduce carbon emissions during the production and use of materials (Li, 2020). The decarbonization of materials can be achieved by introducing new material preparation methods and technologies, such as carbon fiber composites and energy-efficient materials. In addition, developing and promoting sustainable resources, such as using recycled raw materials, waste, and biomass as the basis for materials, is also an essential direction for low-carbon materials innovation. Energy consumption and carbon emissions can be reduced through low-carbon materials innovation, promoting green and sustainable development in the environmentally sustainable development context.
5.2.2 Utilization of renewable materials
Renewable materials are an essential part of EFM, and their utilization is one of the critical development directions in the environmentally sustainable development context. Renewable materials include renewable energy sources, and biomass materials. Utilizing renewable energy, such as solar energy, wind energy, water energy, and other materials as energy sources, leads to lower carbon emissions and environmental impacts (Yan, 2021; Călătan and Dico, 2022). In addition, developing and utilizing biomass materials, such as plant fibers and bioplastics, can reduce dependence on fossil resources and bring better environmental benefits. By promoting and applying renewable materials, the demand for non-renewable resources can be reduced, and the sustainable use of resources can be realized, contributing to sustainable development in the environmentally sustainable development context.
5.2.3 Circular economy and resource recycling
In the context of environmentally sustainable development, promoting a circular economy is an essential direction for developing EFM. Circular economy emphasizes combining the use of resources and recycling links to reduce the waste and emission of resources (HU, 2020; Ustaoglu et al., 2021). Specifically, the development of EFM should focus on the design and production of materials with recyclability and encourage the recycling and reuse of waste. By establishing and improving the waste recycling system and integrating waste materials into the renewable resource supply chain, the demand for raw materials can be reduced, and carbon emissions and environmental pressure can be lowered. At the same time, promoting the effective recycling of resources, such as the reuse of waste and the remanufacturing of used products, can prolong the service life of materials, improve the resource utilization rate, and achieve the goals of a circular economy and the sustainable use of resources (Zhang Z, 2020).
5.2.4 Development of new functional materials
One of the directions for developing environmental protection materials in the context of environmental, sustainable development is the development of new functional materials. New functional materials have special functions such as high energy efficiency, self-cleaning, anti-pollution, and antibacterial, and have a wide range of application potential in environmental protection. For example, the development of materials with excellent adiabatic properties and photocatalytic degradation ability can be used for building energy-saving and indoor air purification; materials with antibacterial and microbial defense ability can be used for medical equipment and disinfection products (National Academies of Sciences Engineering, and Medicine, 2020; SUN et al., 2023). Through the research and development of new functional materials, environmental quality and quality of life can be improved, providing technical support for sustainable development in the context of environmental sustainability.
5.2.5 Green building materials
One of the focuses of developing EFM in the environmentally sustainable development context is green building materials. Green building materials focus on energy saving, environmental friendliness, and indoor air quality considerations. The development and application of green building materials involve a variety of fields, such as building envelope materials, thermal insulation materials, energy-saving materials, etc. (Kang, 2019). For example, the use of materials with high insulating and energy-saving properties to reduce the energy consumption of buildings; the use of renewable materials as the main construction materials of buildings to reduce the dependence on limited resources; and the use of environment-friendly paints, flooring materials, etc. to improve indoor air quality (Wang and Wen, 2016). The development of green building materials can help improve buildings’ energy efficiency performance and reduce carbon emissions, thus promoting sustainable building development in the environmentally sustainable development context.
5.3 Expected results of EFM in the context of the environmentally sustainable development
5.3.1 Reduce carbon emissions
Low-carbon materials are those whose manufacturing process produces lower CO2 emissions (Li et al., 2014). EFM boasts the characteristics of low carbon, energy saving, and emission reduction, and by using EFM to build sports facilities, carbon emissions can be effectively reduced and environmental pollution minimized (Chichane et al., 2023). Biodegradable materials can be decomposed by microorganisms in the natural environment without causing pollution to the environment (Jiang and Jin, 2022). In the construction of sports facilities, biodegradable materials can be used to make seating, running tracks, and other equipment to minimize the environmental impact.
5.3.2 Improve resource utilization rate
Renewable resources are recovered and reused by using used items or waste (Yuan, 2010), circular economy is one of the cores of “environmentally sustainable” development, and the use of recycled and EFM in the construction of sports facilities can greatly improve the utilization of resources and reduce wastage. In the construction of sports facilities, recycled resources can be used to make basketball hoops, soccer goals, and other equipment for recycling.
5.3.3 Enhance the comfort of sports venues and Reduce maintenance costs
EFM has good sound insulation, heat insulation, moisture, and other properties; the use of these materials can improve the comfort and use of the interior of the venue. EFM usually have a longer service life and lower maintenance costs, which reduces the operating costs of sports venues.
5.3.4 Promote sustainable development
Green buildings minimize their impact on the environment and human health during design, construction, use, and demolition (Qaidi et al., 2022; Chatterjee et al., 2020). By applying EFM to the construction of sports facilities, we can not only meet people’s sports needs but also promote sustainable development and leave a better environment and resources for future generations. In the construction of sports facilities, the concept of green buildings can be promoted, and EFM and energy-saving technologies can be used to create more environment-friendly and sustainable venues.
5.4 Application of EFM in constructing sports facilities
The application of EFM in constructing sports facilities has a comprehensive and positive impact (Zhang and Yang, 2007; SONG et al., 2021). The application of EFM in the construction of sports facilities has a comprehensive and positive impact. Using EFM makes it possible to reduce the consumption of natural resources, reduce environmental pollution and carbon emissions, and realize sustainable development.
5.4.1 Environment-friendly design
Designing for environmental protection is a crucial aspect in constructing sports facilities, which considers several factors such as energy efficiency, water resource management, environmental landscape, use of renewable energy, choice of materials and circular economy, intelligent and sustainable management, etc. (Jiang, 2022). To realize the goals of sustainable development and environmental protection. Through rational design, sports facilities can meet functional needs and realize the goals of energy efficiency, low carbon emission, resource conservation, and environmental protection.
5.4.1.1 Energy-saving design
Energy-saving design is a crucial aspect in the construction of sports facilities. By optimizing the orientation and layout of buildings, the use of natural light and natural ventilation is maximized, and reliance on artificial lighting and air conditioning is reduced. Highly efficient insulating and heat-insulating materials help improve the building’s thermal insulation performance and energy conservation. Apply intelligent systems to control lighting, air conditioning, heating, and other equipment operations for precise energy management (Zhao and Li, 2022; Kumar et al., 2024b).
5.4.1.2 Water resources management
Water is a limited resource, and it is essential to manage and utilize water resources rationally in the construction of sports facilities. Reduce water consumption by using water-saving equipment and technology, such as low-flow faucets, water-saving showers, and automatic sensor faucets (Qiaoning and Wang, 2020; Peng, 2019). Through rainwater collection systems, rainwater is used for irrigation of plants and washing facilities to minimize dependence on tap water.
5.4.1.3 Environmental landscape planning
Incorporate natural elements into the surroundings of sports facilities through ecological landscaping principles. Locally adapted plants are selected for greening to reduce the need for water and chemical fertilizers and to provide ecosystem restoration and habitat protection. At the same time, the landscape layout is rationally planned to incorporate natural green spaces and wildlife protection areas into the design to provide better ecological services and environmental quality.
5.4.1.4 Renewable energy utilization
Utilizing renewable energy is one of the most essential directions in designing sports facilities that are environment-friendly. With the help of renewable energy sources such as solar and wind power, sports facilities can be provided with clean energy (Sfameni et al., 2023; Liping, 2015). During the design process, consideration can be given to installing solar panels and wind turbines to meet the facility’s power requirements. These can reduce dependence on traditional energy sources, lower carbon emissions, and improve the facility’s sustainability (Felekoglu et al., 2014).
5.4.1.5 Material selection and circular economy
When designing for environmental protection, choose EFM and focus on circular economy principles. Prioritize renewable or recycled materials to reduce the consumption of limited resources. Consider the life cycle analysis of materials and select durable and easy-to-maintain materials to reduce resource waste and environmental pollution. At the same time, encourage recycling and reuse of materials to minimize waste generation during the construction process and to promote a circular economy (LIN et al., 2020; CHENG, 2020).
Designing for the environment is a crucial aspect of the construction of sports facilities (Yan, 2016). Through rational design, it is possible to reduce resource consumption, lower energy consumption, and reduce environmental impacts, thus realizing the environmental objectives of sports facilities.
5.4.2 Environmental protection in the construction process
In sports facilities, construction environmental protection is a crucial aspect. Through the use of EFM and the implementation of environment-friendly measures, it is possible to reduce the consumption of natural resources, reduce environmental pollution, and ensure that the construction process meets environmental protection requirements.
5.4.2.1 Selection of EFM
In the construction of sports facilities, priority is given to EFM that meet environmental standards (Fang, 2021). These materials can be certified as environment-friendly building materials or recyclable and reusable. For example, use paints and adhesives that contain fewer volatile organic compounds (VOCs) to reduce the release of harmful gases. Reduce resource consumption by choosing building materials such as recyclable steel, wood, and concrete (Yan, 2021).
5.4.2.2 Reduction of waste generation
Take steps to minimize waste generation during the construction of sports facilities (Wu, 2021). Accurate material measurement and construction planning can avoid excessive purchasing and waste. At the same time, construction site management should be strengthened by sorting, collecting, and recycling reusable waste materials, such as concrete, steel, and timber. These will reduce the consumption of natural resources and minimize the negative impact on the environment (Rajeshkumar et al., 2021).
5.4.2.3 Control of pollutant emissions
Pollutant emissions need to be controlled during the construction process of building sports facilities (Chawla et al., 2022). Contractors are required to use low-polluting vehicles and mechanical equipment to reduce pollution from motor vehicle exhaust emissions. At the same time, appropriate dust control measures, such as covering the land and spraying water mist, are set up at the construction site to reduce dust pollution during construction. In addition, hazardous wastes must be handled appropriately and disposed of by the procedures stipulated in the Environmental Protection Law to prevent damage to the environment and human health.
5.4.2.4 Construction noise control
The impact of construction noise on the surrounding environment and residents during the construction of sports facilities also needs to be emphasized (Bhuyan and Gogoi, 2020). During the construction period, noise control measures, such as setting up noise barriers, adopting low-noise equipment, and restricting the construction time, are taken to minimize the noise disturbance and impact on the surrounding residents. In addition, real-time monitoring of the noise at the construction site should be carried out to ensure that the noise level meets the relevant standards and requirements (Yljungberg, 2007).
By applying EFM and constructing environment-friendly measures in sports facilities, the consumption of natural resources can be reduced, environmental pollution can be minimized, and the ecological environment can be protected. These are beneficial to environmental protection and in line with the requirements of sustainable development (Ren, 2011; Dong et al., 2024).
5.4.3 EFM
5.4.3.1 Low-carbon materials
In the environmentally sustainable development context, the selection of low-carbon materials is crucial. These materials have a low carbon footprint and can reduce greenhouse gas emissions during the construction and use of sports facilities (More et al., 2022). Examples include the use of bamboo and timber produced from renewable resources, as well as recyclable construction materials such as steel and concrete. Properly selecting efficient insulation materials for building facades and roofs of sports facilities can help reduce energy consumption. High-efficiency insulation materials improve the thermal performance of buildings and reduce the energy demand for air conditioning and heating equipment. These help to reduce carbon emissions and lower operating costs (Cheng et al., 2024). Choosing low-carbon materials can help reduce the carbon footprint and mitigate the effects of climate change (Chen et al., 2023).
5.4.3.2 Renewable materials
Renewable resources refer to the resources that can multiply and grow and continue to regenerate to keep up with the rate of consumption under the specific time and space conditions of nature, constantly maintaining or expanding their reserves, and can be reused by human beings. Forests, soils, grasslands, wetlands, solar energy, wind energy, water energy, animals, plants, microorganisms, and various natural biomes are all renewable resources (Zhao and Li, 2022). Renewable materials are materials that rely on such renewable resources to produce. Typically, such materials can be made or produced quickly, or replaced or supplemented by biological and other natural processes to keep pace with their use. Wood, cardboard, paper, and pulp are all widely used renewable materials. Through effective and sustainable forestry management, a continuous supply of wood can be achieved to support the normal functioning of society (Cenci et al., 2022). Preference is given to renewable materials such as bamboo and wood. These materials can be regenerated in a relatively short period and can reduce dependence on finite resources, bamboo and wood are renewable and fast-growing resources, and its planting and collection have less impact on the environment. In engineering construction, the use of bamboo and wood materials can reduce the demand for traditional wood and reduce forest mining and felling (Liu et al., 2023; Amrillah et al., 2023). Compared with traditional wood, bamboo and wood materials have lower energy consumption and greenhouse gas emissions, and at the same time, bamboo and wood materials have better strength and durability, which can meet the requirements of construction projects (More et al., 2022). The preparation process and properties of bamboo and wood are shown in Table 1. This issue could be partially addressed by making partially biodegradable composites of polymers with natural fibers (Yashas Gowda et al., 2018). Compared to traditional building materials, renewable materials have lower life cycle carbon emissions (Zhang, 2018; Shi et al., 2023a). The choice of renewable materials in the construction of sports facilities meets the requirements of sustainable development in the environmentally sustainable development context.
TABLE 1 | Raw materials, preparation process, and the properties of plant fiber self-bonding molding environment-friendly materials.
[image: Table 1]5.4.3.3 Biodegradable materials
In recycling, there are two other common concepts: biodegradable and compostable. Biodegradable means that a substance can be completely broken down into natural components by biological methods. The EU standard defines biodegradable material as within 6 months, with the help of bacteria, fungi, or other simple organisms, 90% of the original material can eventually be broken down into carbon dioxide, water, and minerals. Compostable is a higher standard than biodegradable: the efficiency of biodegradation is improved by controlling humidity, temperature, and oxidation processes, and requires that substances are ultimately broken down into completely non-toxic components. The whole process is environmentally friendly. It can be seen that compostable materials must be biodegradable, but biodegradable materials are not necessarily compostable (Qi et al., 2022; Erkmen et al., 2020).
5.4.3.4 Recyclable material
Recyclable materials, as the name suggests, refer to materials that have recyclable value and can be recycled after recovery. Common recyclable materials in life include paper, cardboard, glass, plastic, metal, and so on. Among them, paper and cardboard take into account the dual characteristics of renewable and recyclable materials (Liu et al., 2023) (Amrillah et al., 2023). Recyclable materials play a huge role in energy conservation and environmental protection. Data show that a ton of waste paper can produce 850 kg of recycled paper, saving 3 cubic meters of wood; Discarded plastic bottles can also be recycled into yarn and used as fabric materials in furniture, automobiles, and other industries (Dušek et al., 2021). Promoting the recycling and reuse of construction waste helps to reduce the demand for raw materials and the generation of waste (Singhal, 2023). Waste concrete can be crushed and reused in the construction of road foundations, and waste steel can be recycled and reused in other construction projects. This circular economy approach helps to reduce resource consumption and environmental loads (Zhang and Liu, 2022).
In the environmentally sustainable development context, using EFM is a crucial aspect of the construction of sports facilities. The selection of low-carbon materials, renewable materials, high-efficiency insulation materials, and the promotion of reuse of construction waste can help reduce carbon emissions, resource consumption, and environmental pollution. By applying these EFM, sports facilities can positively respond to the environmentally sustainable development goal and contribute to sustainable development (Li et al., 2021).
6 CONCLUSION
In summary, EFM is a new model formed by the deep integration of scientific and technological innovation and the transformation and development of manufacturing, which can lead to environment-friendly manufacturing. It is an important emerging field in the new round of global industrial revolution and scientific and technological competition. First, using EFM in sports facilities are significant for environmental sustainability. With low-carbon and renewable materials, carbon emissions and resource consumption can be reduced (Gayathiri et al., 2022). Meanwhile, using highly efficient, water-saving equipment, and environment-friendly paints can reduce energy consumption and environmental pollution. Second, using EFM in sports facilities can improve the facilities’ sustainability and resource-use efficiency. Selecting materials that meet environmental standards optimizes the performance of building structures and components, improves energy-use efficiency, and reduces operating costs. Meanwhile, rationally managing water resources and controlling waste generation achieve a circular economy and maximize the use of resources (Wang et al., 2024). Third, using EFM in sports facilities not only contributes to environmental protection but also enhances user experience, social recognition, and environmental sustainability. The environment-friendly construction of sports facilities is in line with the pursuit of socially sustainable development. More importantly, a healthy, green, and comfortable environment attracts more athletes and audiences to actively participate in sports activities, thereby promoting sports development.
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