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1. The Concept and Development of Green Textiles

Green textiles, as a significant development area in the global textile industry, have undergone a transformation from initial exploration to widespread application. Driven by innovations in environmental protection technologies, industrial chain collaboration, and consumer market demand, green textiles have become a key focus for the future of the industry. The core concept revolves around reducing environmental impact during fibre manufacturing and operations through energy conservation, carbon reduction, ecological protection, and the realisation of a circular economy. The purpose of green textiles is aiming at regulating production and consumption processes while emphasising sustainability in resource usage within the textile sector. Such policy guidance has accelerated the transition of numerous enterprises within the industry toward green production, including the adoption of natural fibre, recycled materials, and innovative manufacturing technologies.

In terms of technological innovation, green textiles have achieved significant progress during this period. The application of breakthrough materials and technologies, such as recycled polyester fibres, algae-based fabrics, and mycelium leather, has not only substantially reduced the demand for virgin resources but also opened up possibilities for innovation in textile product diversity. Furthermore, advancements in water-saving and dyeing technologies underscore the role of green technology. For example, waterless dyeing techniques and minimal chemical dyeing processes have significantly reduced water waste and chemical emissions during textile production. The commercialisation of these technologies provides a feasible and efficient pathway for the textile industry to reduce carbon emissions and meet environmental standards.

It is worth noting that consumer environmental awareness is a crucial driving force behind the popularisation of green textiles. As consumers increasingly accept and even prefer products with eco-friendly labels and sustainable concepts. Many brands have started responding to market trends by developing products aligned with the concept of “green fashion”. For instance, numerous international brands are utilising polyester fibres made from recycled plastic bottles or fibre materials containing natural components to produce clothing, thereby attracting environmentally conscious consumer groups. Moreover, the concept of green production has been integrated into brand identities, becoming a key aspect of corporate competitiveness.

In summary, the development of the green textile industry over the past decade demonstrates a synergistic drive from policy support, technological advancements, and market demand. During this period, environmental technologies in the textile industry have matured continuously, public acceptance of sustainable fashion has steadily increased, and global policies and markets have gradually formed a unified force, collectively propelling the green textile industry toward a more sustainable and innovative future.

1.1. Definition of Green Textiles  
Green textiles, also referred to as eco-friendly textiles, are defined as textiles produced through innovative technologies and sustainable methods that minimise negative impacts on the environment and resources throughout the entire lifecycle - from fibre manufacturing, processing, and production to consumption - while meeting human demands for safety, health, and high-quality textile products. This concept emphasises the environmental friendliness of textile materials (such as natural fibres, renewable or recycled fibres) and practices in the production process that focus on low carbon emissions, energy conservation, and pollution reduction.

The core characteristic of green textiles lies in their sustainability across the entire industrial chain. Firstly, in terms of raw material selection, green textile products predominantly use natural or renewable fibres, such as organic cotton, flax, and polyester fibres derived from recycling, effectively reducing reliance on virgin resources. Secondly, green textiles emphasise the environmental friendliness of the production process, such as adopting low-energy dyeing and finishing technologies and replacing traditional high-pollution substances with green chemicals, thereby reducing pollution to water resources and soil. Moreover, it focuses on the circular economy of products after use, including the recycling and reuse of waste textiles, achieving sustainable material circulation.

In addition to technological optimisation, green textiles also stress the importance of product safety for human health. OEKO-TEX has introduced certification standards that require textiles to meet stringent criteria in terms of being free from harmful substances, hypoallergenic, and harmless to human health. This not only enhances consumer trust in the products but also drives the textile industry toward a healthier and more environmentally friendly direction. In summary, the definition of green textiles is not limited to reducing environmental burdens but also embodies a sense of social responsibility. It aims to achieve a balance between economic benefits and sustainable development through technological innovation and collaboration across the entire industrial chain, thereby addressing the challenges of global resource scarcity and environmental changes.

1.2. Historical Background of Green Textiles  
[bookmark: _Hlk214990660]The historical background of green textiles can be traced back to the rise of environmental awareness in the late 20th century. As a highly polluting industry, the textile sector was increasingly required to reduce its environmental impact. In the 1990s, technological innovations began to be applied to the production of eco-friendly materials. For instance, the development of recycled polyethylene terephthalate (PET) bottle fibres in 1996 was pioneering the production of environmentally friendly recycled fabrics.

[bookmark: _Hlk214990757]In the early 21st century, driven by policies from the European Union and Asian countries, green textiles experienced rapid development. Improvements in dyeing and finishing technologies and the use of renewable materials made the production process more environmentally sustainable. After 2010, the concept of a circular economy was integrated into the industry. Through the recycling of waste textiles and low-carbon manufacturing, green textiles have become a core trend in the global textile industry. Today, green textiles are not only a solution to environmental issues but also a symbol of industrial transformation and innovation, showcasing the comprehensive transformation of the textile industry driven by technological advancements, policy support, and market demand.

1.3. Global Development Trends in Green Textiles  
Recently, the development of green textiles is increasingly moving toward comprehensiveness and globalisation. The deepening of the circular economy, technological innovation, consumer demand for environmental protection, policy support, as well as international cooperation and educational promotion, will collectively construct a more sustainable textile industry ecosystem. This is not only a critical direction for addressing global environmental challenges but also a key pathway for achieving economic and social value within the industry.

1.3.1. Deepening and Application of the Circular Economy  
The circular economy will become the core of green textile development. Global textile enterprises will place greater emphasis on the application of material recycling and regeneration. For instance, integrating effectively recycled materials into product development and enhance resource utilisation. Additionally, the development of global regenerated fibres will move toward greater diversification, such as replacing forest-based resources with non-wood bio-based fibres (e.g., mycelium fibres), thereby reducing reliance on traditional raw materials. Such developments not only promote the transition of the textile industry from a “production-use-disposal” linear model to a closed-loop model but also alleviate issues of resource depletion and environmental pollution.

1.3.2. Technological Innovation Driving Green Upgrades  
The continuous innovation in textile technology will accelerate the industry’s upgrading. Particularly, breakthroughs have been achieved in resource consumption and pollution control during the production process. For instance, technological innovations such as waterless dyeing and low-carbon coating technologies not only significantly reduce water usage but also minimise the emission of harmful chemicals. Additionally, the widespread application of bio-based materials, such as seaweed fibres and mycelium leather, offers more environmentally friendly options for textiles. Meanwhile, digital technologies and artificial intelligence (AI) are playing increasingly important roles in supply chain management, energy efficiency improvement, and waste recycling. These innovative technologies not only enhance production efficiency but also meet the growing market demand for green products. 

1.3.3. Consumer Demand as a Driving Force  
With the global increase in consumer awareness and demand for environmental protection, green fashion has become a mainstream trend in the market. Brands and companies are increasingly adopting second-hand materials and upcycling techniques as selling points for their products. For example, initiatives supporting old clothing recycling and upcycling are widely promoted. Furthermore, consumer demand for traceable supply chains is rising, and the market increasingly favours products with eco-labels and transparent production processes. This compels brands to actively promote green concepts and integrate more environmentally friendly materials and technologies into their production and design processes.

1.3.4. Policy Promotion and International Cooperation  
Policies and regulations targeting the textile industry are becoming stricter and more detailed across various countries. For example, the reinforcement of environmental requirements throughout the lifecycle of textile products, particularly in terms of low-carbon emissions and sustainability standards. Simultaneously, major global exhibitions are fostering international collaboration and innovation in the textile sector which will continue to serve as a crucial platform for driving the green and digital transformation of industries by pooling global resources to promote technological sharing and industrial collaboration.

1.3.5. Emphasis on Education and Awareness Enhancement  
In the future, education and awareness enhancement will become integral components of promoting green textiles. For instance, exhibitions and international forums will provide designers, suppliers, and brands with more opportunities for exchange, enabling them to better understand the latest technological advancements and policy changes. Meanwhile, national and industry initiatives will increasingly focus on raising public awareness of green consumption concepts, further advancing the market penetration of green textiles.



2.	Selection of Eco-Friendly Raw Materials

2.1. Advantages of Natural Fibres  
The advantages of natural fibres lie in their eco-friendliness, high comfort, multifunctionality, and cultural value. Particularly with the global demand for sustainability and a circular economy on the rise, their market potential and application value are expected to continue growing. Therefore, natural fibres remain an indispensable component in modern industries and provide significant opportunities for future green development. 

2.1.1. Environmental Friendliness and Renewability  
Natural fibres are derived from plants or animals, such as cotton, wool, flax, and abaca. Their production process primarily relies on natural resources, making them renewable and biodegradable, with minimal negative environmental impact. For instance, compared to synthetic fibres, natural fibres can naturally decompose at the end of their lifecycle, thereby reducing the issue of plastic waste. Additionally, organic cotton and other environmentally cultivated natural fibres avoid the use of chemical pesticides and fertilisers during production, further mitigating soil and water pollution. 

2.1.2. Skin-Friendliness and Comfort  
Natural fibres possess a soft texture and excellent breathability, making them particularly suitable for close-fitting garments. Fibres like cotton and wool can absorb and release moisture, helping to regulate body temperature while maintaining dryness. Furthermore, due to their natural origin, natural fibres are gentler on the skin, making them ideal for individuals with sensitive skin. This has ensured their long-standing prominence in the home textile and apparel markets. 

2.1.3. Multifunctionality and Broad Applications  
Natural fibres exhibit diverse properties and can provide various functionalities depending on their type. For example, abaca fibres, known for their high strength and durability, are widely used in rope-making and marine cordage. Wool, due to its thermal insulation and moisture-regulating properties, has become an essential material for winter clothing. In the field of architecture, natural fibres (such as hemp fibres) are also utilised in the production of thermal insulation materials and fire-resistant wall panels, demonstrating their value in energy-efficient and environmentally friendly construction.

2.1.4. Long Production History and Global Market Demand  
The use of natural fibres has a long history, as they are among the earliest textile materials utilised by humans, with rich cultural significance and accumulated craftsmanship. Meanwhile, with the widespread adoption of sustainable development concepts, consumer demand for natural fibre products continues to grow. They are increasingly becoming a key eco-friendly alternative in the global market, particularly in the construction, apparel, and home furnishing industries.

2.1.5. Customisation Potential  
Natural fibres possess unique structures and properties, enabling them to meet the needs of various industries. For instance, the length and softness of long-staple cotton fibres give them an advantage in the high-end apparel market, while Better Cotton Initiative (BCI) cotton balances environmental sustainability with efficient production. Such diversity and flexibility provide greater possibilities for product innovation.

2.2. Applications of Regenerated Fibres
2.2.1. Applications of Regenerated Cellulose Fibres in Apparel and Textiles  
Regenerated cellulose fibres (such as viscose rayon and lyocell) are chemically processed from natural plant fibres and exhibit excellent moisture absorption, breathability, and comfort, making them highly suitable for intimate apparel and high-end clothing. For example, viscose rayon excels in softness and lustre, making it widely used in women’s clothing, haute couture, and lingerie. Lyocell fibres, on the other hand, are known for their high strength, durability, and complete biodegradability, making them a key material in sustainable fashion. Regenerated fibres are also widely used in home textile products, particularly in bedding items (such as duvet covers and pillowcases) and curtains. Leveraging their moisture-absorbing, breathable, and eco-friendly properties, these fibres meet consumers’ demands for a green lifestyle. Moreover, such fibres are skin-friendly and non-irritating, making them especially suitable for household textiles used by individuals with sensitive skin. 

2.2.2. Application of Material Recycling and Reuse in Eco-Friendly Products  
The core value of regenerated fibres lies in their contribution to resource recycling. By reclaiming waste cellulose fibres (such as cotton and old garments) or industrial waste, companies can produce entirely new regenerated fibres for use in eco-friendly fabrics, packaging materials, and even biodegradable non-woven fabrics. For instance, paper utilises recycled pulp to produce regenerated fibres, which are not only applied in textiles but also extended to the paper industry, showcasing their versatile application potential.

2.2.3. Role in High-Performance Fibres and Specialised Applications  
Certain types of regenerated fibres exhibit high performance and eco-friendly characteristics, making them suitable for sportswear, outdoor gear, and industrial-use materials. For example, Sorona fibres are partially derived from plant-based raw materials and possess excellent elasticity, wrinkle resistance, and durability, making them ideal for high-demand athletic and leisure apparel.

2.2.4. Contribution to the Global Textile Supply Chain
With the increasing demand from end-user brands for sustainable raw materials, regenerated fibres have been widely integrated into green supply chains. For example, numerous brands and fibre suppliers collaborate to promote sustainable practices within the textile industry. Promoting the procurement and innovative application of regenerated fibres to drive the entire industry towards a low-carbon and environmentally friendly development trajectory.

2.3. Research and Development of Bio-based Materials
2.3.1. Sources and Characteristics of Bio-based Materials
Bio-based materials primarily use plant-based resources (such as corn, cassava, wheat, wood pulp, and cellulose) as raw materials. These resources are renewable and align with the requirements of a circular economy. Unlike petrochemical-based materials, the production process of bio-based materials generates relatively low carbon emissions, and most of these materials are naturally biodegradable, resulting in minimal environmental impact. For instance, polylactic acid (PLA), derived from corn starch, is a widely applied bio-based material characterised by excellent biodegradability and thermal stability. 

2.3.2. Key Research and Development Technologies and Manufacturing Methods  
2.3.2.1. Fermentation Technology  
Fermentation technology is one of the core methods for producing bio-based materials, wherein plant-based raw materials are converted into usable monomers or polymers through microbial metabolism. For example, cassava or corn starch can be fermented into lactic acid, which is subsequently polymerised to produce polylactic acid (PLA). The advantages of this technology lie in its sustainable utilisation of raw materials and environmentally friendly processing. Moreover, advancements in novel microorganisms and enzymes have significantly enhanced fermentation efficiency and cost-effectiveness. 

2.3.2.2. Biocatalysis Technology  
Biocatalysis technology employs enzymes or other biochemical tools to accelerate the conversion process from raw materials to final materials. For instance, plant-based cellulose raw materials can be decomposed into cellulose derivatives (such as cellulose acetate or cellulose ether) through biocatalysis technology. These derivatives can be utilised in the production of textile fibres and packaging materials.


2.3.2.3. Chemical Modification Technology  
To enhance the performance of bio-based materials, such as strength, flexibility, and durability, chemical modification technology is widely employed. For instance, by incorporating cross-linking agents or polymerisable monomers, the molecular structure of the material can be altered, thereby diversifying its applications. For example, polylactic acid (PLA), after chemical modification, can be used not only for fibre production but also for manufacturing high performance plastics. 

2.3.2.4. Thermoplastic Processing Technology  
The development of thermoplastic bio-based materials, such as bio-based thermoplastic polyurethane (Bio-Based TPU), combines the durability of traditional polyurethane with the environmental benefits of bio-based raw materials. These materials are commonly applied in high-demand fields such as shoe soles and sportswear, while also reducing reliance on petrochemical resources. 

2.3.3. Applications and Prospects of Bio-Based Materials  
· Clothing industry: Polylactic acid fibres (PLA), which are biodegradable and possess excellent moisture absorption properties, have begun to be used in sportswear and intimate apparel. 
· Home textiles: Regenerated fibres based on cellulose (such as viscose rayon and lyocell fibres) are not only comfortable but also environmentally friendly, making them popular materials for bed linens and curtains. 
· Packaging and industrial applications: For example, bio-based thermoplastic polyurethane (Bio-Based TPU) demonstrates significant application potential in industrial fields such as footwear, automotive interiors, and protective films. 
· Promotion of circular economy: With the global emphasis on a low-carbon economy, bio-based materials are poised to become a crucial alternative to petrochemical materials, contributing to the sustainable development of the textile industry. 

3.	Innovations in Sustainable Dyeing Technologies

3.1. Environmental Impacts of Traditional Dyeing Methods  
Traditional dyeing methods consume an enormous amount of water. The dyeing process relies on water as the primary medium for dissolving dyes, rinsing, and fixing colours. The dyeing and finishing industry is considered a major contributor to 20% of global industrial water pollution. If wastewater is not properly treated, dyeing factories may discharge wastewater containing chemical dyes directly into rivers or oceans, causing severe damage to ecosystems. 

Chemical pollution is another major issue associated with traditional dyeing methods. The dyeing process involves the use of various chemical auxiliaries and dyes, many of which contain heavy metals and non-biodegradable compounds. These chemicals not only pose risks to soil and water bodies but may also affect human health through the food chain. For instance, certain dyes and auxiliaries can lead to eutrophication of water sources or release toxic substances, posing threats to the environment and the lives of residents in nearby areas. 

High temperature operations in dyeing and finishing, such as boiling and steaming, require substantial thermal energy, directly resulting in the consumption of fossil fuels and increased carbon dioxide emissions. Globally, the textile dyeing and finishing industry contributes significantly to annual carbon emissions due to energy usage, exacerbating the issue of climate change. The multiple environmental pressures caused by traditional dyeing methods underscore the critical need for technological advancements. From the development of waterless dyeing technology to the partial adoption of more environmentally friendly dyeing processes, the textile industry is actively exploring solutions to reduce its negative environmental impact and promote the industry’s transition toward sustainability.

3.2. Digital Dyeing Technology  
In the field of green textiles, digital dyeing technology has emerged as a key innovative approach to advancing environmental protection and improving efficiency. This technology integrates digital tools with eco-friendly processes to address issues such as high-water consumption and pollution in traditional dyeing methods, while simultaneously enhancing production efficiency and design flexibility. 

3.2.1. Concept and Operating Principles  
Digital dyeing technology is a data-driven dyeing method that uses digital printing machines or other control systems to precisely apply dyes onto textiles. Compared to traditional dyeing, this process significantly reduces reliance on water and chemicals. By simulating colour generation schemes in advance and evaluating the feasibility and actual effects of colours based on data, digital technology minimises material waste. This not only improves operational precision but also allows for greater design flexibility. 

3.2.2. Environmental Advantages  
Digital dyeing technology demonstrates significant advantages in terms of sustainability:  
· Water conservation: Unlike traditional dyeing, which requires large amounts of water as a medium, digital dyeing drastically reduces water usage. Some technologies even achieve near “zero-water” production, minimizing water resource wastage. 
· Reduction of chemical pollution: Through precise dye application, this technology ensures that dyes are only used where necessary, avoiding excess dye discharge and reducing harmful chemicals in wastewater. Additionally, light-driven dyeing technology leverages renewable energy to further control environmental pollution during the dyeing process. 
· Reducing energy consumption: The digital dyeing process eliminates the need for frequent high temperature treatments, thereby saving energy and reducing carbon emissions.

3.2.3. Technological Applications and Practical Outcomes  
Digital dyeing technology has been successfully applied in denim, sportswear, and high-end fashion sectors. For instance, some brands have utilised digital technology to develop functional fabrics with antibacterial, wrinkle-resistant, or quick-drying properties, effectively achieving diversified designs and environmental goals. Additionally, studies on digital eco-friendly dyeing technology for denim have shown that water consumption can be reduced by up to 73%, while enzymatic dyeing techniques can further minimise the discharge of toxic substances.

3.2.4. Challenges and Future Development
Despite the significant potential of digital dyeing technology, certain challenges remain. On one hand, the cost of high-end digital printing and dyeing equipment may pose a burden for small and medium-sized enterprises; on the other hand, the global promotion of the technology requires improved infrastructure and standardised technical protocols. However, as the technology continues to mature and market demand for green textiles grows, the cost of digital dyeing technology is expected to decrease further, enabling its application in a broader range of fields.



3.3. Low-Water and Waterless Dyeing Technologies  
3.3.1. Overview of Technical Principles  
Low-water and waterless dyeing technologies primarily innovate dyeing processes and introduce alternative media to reduce or completely eliminate the use of water in dyeing. For example, waterless dyeing technology leverages the supercritical fluid properties of carbon dioxide as a dyeing medium, replacing traditional aqueous dyeing processes. This approach significantly reduces water resource demand and minimises the use of chemical auxiliaries.

3.3.2. Major Dyeing Technologies and Methods  
3.3.2.1. Supercritical Carbon Dioxide Dyeing Technology (Supercritical CO2 Dyeing)
This technology utilises supercritical carbon dioxide as a dyeing medium, allowing dyes to dissolve directly in carbon dioxide and penetrate textile fibres to achieve uniform dyeing. The technology completely eliminates the use of water, and the carbon dioxide used in the dyeing process can be recycled, demonstrating high environmental sustainability and cost efficiency.

3.3.2.2. Foam Dyeing Technology  
Foam dyeing technology combines dyes with stabilised foam, enabling dyeing operations with only a small amount of liquid. This technology significantly reduces the consumption of water and chemicals while minimising wastewater discharge, representing a major breakthrough in low-water-consumption dyeing methods.

3.3.2.3. Air Dye Technology  
Air dye technology uses thermal energy to transfer disperse dyes from a paper-based carrier onto the surface of fabrics, entirely eliminating the need for water. This technique is particularly suitable for polyester fibres, achieving efficient and precise dyeing results while substantially reducing energy and water consumption.

3.3.2.4. Plasma Dyeing and Bio-Dyeing Technologies  
Plasma dyeing technology employs plasma to activate the surface of fibres, enhancing dye adsorption. Bio-dyeing, on the other hand, utilises environmentally friendly biological auxiliaries or natural dyes, further reducing chemical pollution and promoting sustainable production.

3.3.2.5. Environmental Benefits and Industry Impact  
· Water resource conservation: Waterless and low-water-consumption dyeing technologies can reduce water usage in dyeing processes to 1% of traditional methods, with supercritical carbon dioxide dyeing achieving zero water usage. 
· Reduction of pollutant discharge: These technologies prevent the release of harmful chemicals (such as heavy metals and organic compounds) in wastewater during the dyeing and finishing processes, thereby mitigating pollution of water bodies and soil. 
· Energy conservation and carbon emission reduction: Low water consumption technologies in dyeing processes are often accompanied by low-temperature or non-heating operations, significantly reducing energy consumption and greenhouse gas emissions.

4.	Development of Functional Eco-Friendly Textiles

4.1. Antibacterial and Odour-Resistant Textiles  
Antibacterial and odour-resistant textiles refer to fibres or textiles that, through specific technical treatments, possess the functionality to inhibit the growth of microorganisms (such as bacteria and mould) and reduce unpleasant odours induced by them. These products are widely applied in clothing, home textiles (e.g., bed sheets, sofas), medical supplies (e.g., surgical gowns, masks), and sports equipment, enhancing comfort, hygiene, and extending product lifespan. The technical principles primarily include the mechanisms of antibacterial agents and material processing methods. 

The core of antibacterial textiles lies in inhibiting bacterial proliferation, typically based on the following mechanisms:
· Physical barrier: Utilising micro-porous structures to prevent microbial adhesion and penetration, suitable for medical textiles. 
· Chemical inhibition: Releasing metal ions or free radicals through antibacterial agents (e.g., silver, copper, zinc compounds) to disrupt bacterial cell structures. 
· Biocompatibility: Employing natural antibacterial materials (e.g., bamboo fibre or hemp) to suppress microbial growth while being harmless to the human body. 

Processing Techniques:  
· Surface treatment with antibacterial agents: Adding antibacterial finishing agents to the textile surface, such as coating with inorganic nano-silver particles. 
· Fibre matrix modification: Directly incorporating antibacterial components during the fibre raw material stage, such as embedding antibacterial agents into nylon fibres to enhance the long-term antibacterial effects of footwear and socks. 
· Plasma-assisted technology: Activating the fibre surface using plasma to increase the adsorption efficiency of antibacterial agents. 



Global Examples of Technological Applications
· Silver Ion antibacterial technology: Silver ions, due to their excellent antibacterial properties, are widely applied in textile processing. For example, silver compounds with non-woven fabrics to develop medical masks and hospital textiles with antibacterial and antiviral properties.
· Application of inorganic antibacterial agents: By fixing metal ion compounds such as silver, copper, and zinc onto carriers (e.g., zeolite, silica gel) and attaching them to the surface of textiles. Such technologies are widely applied in sportswear and bedding products.
· Hemp-based antibacterial textiles: Hemp-based textiles has been developed using natural hemp-cotton materials with strong heat resistance. These textiles not only possess antibacterial and deodorising functions but also exhibit excellent softness and durability.
· Nylon fibre technology: Nylon fibres developed with antibacterial and deodorising functions by integrating antibacterial agents into the inner layers of fibre yarns, ensuring wash resistance and long-lasting antibacterial performance, with applications in underwear and sportswear.
· Plasma antibacterial treatment technology: Plasma technology is applied to activate the surface of fibres, enabling antibacterial finishing agents to adhere more stably to textile materials. This technology has been adopted by several European companies for the production of high-end outdoor apparel.
· Application of natural antibacterial fibres: Some high-end textile brands utilise antibacterial natural fibres, such as bamboo fibres and silk fibres. These materials inherently possess antibacterial properties and are environmentally friendly, making them suitable for underwear and bedding products.

4.2. UV-Resistant and Protective Materials  
UV-resistant and protective materials refer to those designed and processed with specialised techniques to provide ultraviolet (UV) blocking capabilities and other protective functions. This type of material is primarily applied in various fields such as sun protection, thermal insulation, chemical protection, and physical impact resistance. Its core technological concepts include:
· UV resistance properties: The material effectively blocks short-wave ultraviolet (UVB, 280 - 315 nm) and long-wave ultraviolet (UVA, 315 - 400 nm) radiation, preventing aging, skin damage, and material degradation caused by UV penetration. This is typically achieved by adding UV-resistant coatings or embedding UV absorbers within the material.
· Optimisation of structure and functionality: UV-resistant materials take into account breathability, light transmittance, and physical durability. For instance, UV-resistant goggles protect users from UV damage while maintaining clear visual recognition capabilities.
· Multifunctional protection: High-performance protective materials combine UV resistance with other protective properties, such as chemical corrosion resistance, high-temperature resistance, and impact resistance. For example, chemical protective suits integrate UV resistance with chemical barrier functions to provide comprehensive protection.
· Material technology innovation: By introducing nanotechnology (e.g., nano silver, nano zinc oxide) and processing techniques such as electron beam irradiation, the molecular structure of materials can be modified to further enhance their UV resistance.

Examples of Global Technological Applications
· UV-resistant goggles and sun-protective glass materials: The UV-resistant goggles were developed by utilising advanced material technology. While maintaining high-efficiency UV resistance, they ensure that users’ visual recognition capabilities remain unaffected, representing a typical application in industrial and medical protection. 
· Comprehensive protection of chemical protective suits: Chemical protective suits with integration of multiple features, including UV resistance, chemical corrosion resistance, and physical strength. Its sealed design provides exceptional protection in high-risk chemical environments. In addition, no adhesive tape sealing is required, enabling quick and easy donning, which meets the demands of emergency scenarios.
· High-efficiency sunscreen filters and outdoor protection products: This innovation can block effectively extremely long-wave UVA (380 nm – 400 nm) that addresses gaps in current sunscreen technology, enhancing both skincare and sun protection efficacy. It can be widely used in outdoor sports products and daily sunscreen items, particularly for providing high-efficiency protection in prolonged sun exposure environments.

The development of UV-resistant and protective materials has become a critical field in addressing environmental changes and safety protection needs. From UV-resistant goggles and thermal insulation materials to multifunctional chemical protective suits and outdoor sun protection technologies, global technological innovation is driving continuous progress in this domain. With the advancement of material technologies, such as the introduction of nanotechnology and bio-inspired materials, the application areas and functional characteristics of UV-resistant and protective materials will continue to expand, providing more environmentally friendly and efficient solutions for human life and industrial development. 



4.3. Application of Thermochromic Technology  
Thermochromic technology is a multifunctional technology that utilises temperature-sensitive colour-changing materials (such as thermochromic dyes or pigments) to enable textiles to change colour with temperature variations, thereby imparting dynamic and innovative effects to textiles. The application of this technology not only enhances the functionality of products but also adds fashion value to textiles. 

4.3.1. Fashion Design and Apparel  
Thermochromic technology is widely applied in fashion design to create dynamic effects where colourations change with temperature variations. For example:  
· Using microencapsulation technology, invisible dyes and colour developers are encapsulated within microcapsules. When the temperature rises to a certain range, the colouration gradually disappears or changes. This technology is often used to design garments that display special patterns in response to environmental changes. 
· Thermochromic coatings that exhibit colour at high temperatures and are colourless at low temperatures are extensively applied in the fashion industry. For example, creating unique thermochromic clothing / apparel, such as winter clothing that displays different shades in cold and warm environments, or sportswear that changes colouration based on the wearer’s body temperature. 

4.3.2. Functional Textiles and Smart Applications  
Thermochromic technology is widely utilised in functional textiles to produce interactive and practical products:  
· Body temperature monitoring apparel: Thermochromic dyes are applied to infant clothing or medical textiles, changing colour with body temperature variations to enable real-time monitoring of the wearer’s health status. 
· Outdoor activity clothing: Used in outdoor sportswear and accessories, this technology provides visual cues of environmental or body temperature changes through colour shifts, aiding in the adjustment of activity intensity or clothing layers. 

4.3.3. Medical and Health Monitoring  
· Temperature-monitoring aids: For instance, gauze or bandages made with thermochromic materials can display different colourations based on the temperature of the patient’s skin surface, assisting medical personnel in quickly identifying wound infections or inflammation. 
· Temperature-controlled bed linens and pillowcases: In medical facilities or home settings, thermochromic technology can be integrated into bed linens and pillowcases to monitor patient body temperature, reducing reliance on traditional measurement devices. 

4.3.4. Safety and Children’s Products  
Develop children’s clothing that changes colouration with temperature variations, helping parents monitor their child’s body temperature in real time. Gloves and shoes incorporating thermochromic materials can monitor hand or foot temperature changes in cold environments, making them suitable for polar workers or specialised use scenarios. 

4.3.5. Decorative and Creative Applications  
· Home textiles: Items such as curtains, cushions, and sofa fabrics can be combined with thermochromic coatings to change colour in response to indoor temperature fluctuations. Enhancing interior design aesthetics while providing temperature indications. 
· Creative display: Thermochromic technology is widely applied in innovative textile exhibits to showcase the transformative effects of smart textiles, further enhancing product appeal. 

4.3.6. Technical Examples  
· Microencapsulation technology: The core of thermochromic functionality lies in encapsulating sensitive colour-changing materials within microcapsules. These materials control colour changes in response to temperature variations and are extensively used in dye screen printing and fibre coating processes. 
· Smart fibres: With advancements in smart fibre technology, thermochromic materials are now being integrated into fibre structures. For instance, nano-thermosensitive materials combined with fabrics are utilised in the production of high-end sportswear and medical assistive devices. 

5.	Green Production and Supply Chain Management

Green production and supply chain management represent critical directions for the development of the modern textile industry. The aim is to achieve the sustainable development of textiles through the design of environmentally friendly production processes, stringent environmental standards in the supply chain, and comprehensive assessments of performance and environmental impact. 



5.1. Design of Environmentally Friendly Production Processes  
5.1.1. Energy-Saving and Emission-Reducing Manufacturing Techniques  
Modern textile production processes emphasise the efficient use of energy and resources through technological innovation. For instance, in dyeing and finishing processes, low-water-consumption technologies (such as foam dyeing or waterless dyeing techniques) can significantly reduce water usage and pollutant discharge. Additionally, digital management is applied to production lines to optimise energy consumption. 

5.1.2. Circular Economy and Waste Utilisation  
In environmentally friendly manufacturing, the recycling and reuse of waste and offcuts have become central components. For example, discarded textiles can be reprocessed into new materials through regenerated fibre technologies, which are then used to produce functional textiles, thereby reducing resource waste and minimizing environmental impact. 

5.1.3. Environmentally Friendly Design Across the Entire Process  
From raw material selection to final product disposal, every stage incorporates green principles. This includes the use of natural fibres, organic dyes, and biodegradable materials, as well as the introduction of intelligent equipment to enhance production efficiency and reduce environmental burdens. 

5.2. Environmental Standards in the Supply Chain  
5.2.1. Establishing Green Product Standards  
Environmental requirements in the supply chain encompass the entire process, including design, material selection, transportation, manufacturing, and packaging. 

5.2.2. Promoting Responsible Supply Chains  
Multinational corporations are integrating environmental standards into their supply chains, requiring suppliers to adopt measures such as reducing carbon emissions, minimising pollutant discharge, and conserving water during production processes.

5.2.3. Advancement of Environmental Certifications  
Global environmental labeling and certification systems, such as OEKO-TEX and GOTS (Global Organic Textile Standard), have been established to ensure that environmentally friendly products within supply chains meet international standards, thereby enhancing consumer trust.



5.3. Performance Testing and Environmental Impact Assessment  
5.3.1. Performance Testing  
In the field of green textiles, performance testing includes durability, strength, and functionality tests (e.g., antibacterial and UV protection) to ensure that products meet environmental requirements while maintaining excellent usability.

5.3.2. Environmental Impact Assessment  
Environmental assessment is a critical measure to ensure that textile production processes align with sustainable development goals. For example, monitoring and remediation of wastewater discharge from dyeing and finishing processes are conducted, with risk-based corrective actions implemented to reduce pollution risks.

5.3.3. Life Cycle Analysis  
Life cycle analysis (LCA) of textiles systematically evaluates their environmental impact throughout the entire process, from raw material acquisition, production, and usage to disposal. For example, Incorporating circular economy principles into the early stages of product design, which helps reduce emissions and resource waste.

6.	Consumer Behaviour and Market Trends

6.1. The Rise of Sustainable Consumption Concepts  
6.1.1. Core Principles of Sustainable Consumption  
Sustainable consumption emphasises meeting current needs without compromising the ability of future generations to access resources and maintain environmental integrity. With the growing environmental awareness among consumers, more people are paying attention to the production methods, materials used, and environmental impacts of products. For instance, “reverse consumption” (i.e., moderate and rational consumption) has become an increasingly prominent behavioral trend among young people, indicating a conscious choice of products with lower environmental burdens. 

6.1.2. Drivers of Sustainable Consumption  
The rise of sustainable consumption concepts stems from multiple factors:  
· Environmental education and media promotion: Governments and media outlets emphasise issues such as climate change and biodiversity loss, heightening consumer awareness of green concerns. 
· Cultural and social trends: Emerging models such as reducing food waste and resource consumption, gaining widespread support among younger consumers. 

6.1.3. Impacts on the Textile Industry  
In the textile sector, sustainable principles are primarily reflected in reducing raw material waste, enhancing recycling rates, and adopting environmentally friendly production techniques. An increasing number of brands are integrating green culture into product design, such as launching clothing made from recycled fibres and natural dyes, to meet consumers’ environmental expectations. 

6.3. Market Demand Analysis for Green Products  
6.3.1. Growth in Demand for Green Products  
With consumers placing greater emphasis on environmental protection and health, the market demand for green products has surged. Particularly in developed countries, the supply of green products often falls short of meeting demand. In the textile industry, consumer demand for eco-friendly clothing (e.g., low-carbon, biodegradable materials) and functional textiles (e.g., antibacterial, UV-resistant) is steadily increasing. 

6.3.2. Price and Market Elasticity  
Although green products are generally priced higher, an increasing number of consumers are willing to pay for sustainable development. Surveys indicate that when products balance affordability with environmental considerations, consumer acceptance is significantly higher. Furthermore, companies can expand the market demand for green products by reducing production costs through technological innovation and policy support (e.g., subsidies). 

6.3.3. Competitive Advantages in the Textile Industry  
Textile brands can enhance market responsiveness and build environmental trust by introducing green extension products (e.g., T-shirts made from recycled fibres). For instance, marketing strategies that integrate brand green trust not only improve consumer satisfaction but also strengthen brand competitiveness. 

6.4. The Influence of Consumers in Green Choices  
6.4.1. The Role of Consumer Behaviour in Driving the Market  
As key drivers of market demand, consumers’ choices play a critical role in the circular development of green supply chains. With the growing prevalence of moderate consumption and rational shopping concepts, consumers increasingly prefer locally produced goods to reduce carbon emissions. Additionally, consumers are more actively participating in initiatives such as used clothing recycling, thereby enhancing the circular economy model within the textile industry. 



6.4.2. The Social Dimension of Consumer Influence
The choice of green products by consumers is not merely an individual behaviour but also carries significant social influence. For example, when certain celebrities or key opinion leaders (KOLs) actively promote eco-friendly clothing, they influence more people to join the ranks of green consumption. This “emotional dimension” also helps to form stronger social group influence, further altering traditional consumption behaviours.

6.4.3. Incentive Policies and Actions
Policy incentives and corporate actions play a crucial role in enhancing consumer influence. For instance, governments encourage consumers to choose low-carbon textiles through “green consumption subsidies”, while companies increase consumer participation and environmental awareness by launching old clothing recycling programs and introducing eco-labels.

Consumer behaviour and market trends in the textile sector are transitioning toward sustainable development. The demand for green products is growing rapidly, and significant influence is being exerted through green choices. In the future, with the proliferation of new technologies, improvements in price elasticity, and increased policy support, the market share of green textiles will continue to expand, further driving the industry toward sustainability.

7.	Future Challenges and Opportunities

7.1. Environmental Challenges Faced by the Industry  
· High pollution emissions and wastewater treatment: The dyeing and finishing processes use large amounts of water and chemical auxiliaries, with wastewater containing toxic substances that require costly treatment to mitigate threats to ecosystems.
· High energy consumption and carbon emissions: The dyeing, finishing, and yarn manufacturing processes demand significant energy, exacerbating carbon emission pressures and conflicting with global carbon reduction goals.
· Resource waste and insufficient material sustainability: Cotton cultivation consumes vast amounts of water, synthetic fibres rely on petrochemical raw materials, and the recycling rate of discarded textiles is low, intensifying resource waste.
· Use of hazardous chemicals: Dyes and auxiliaries often contain toxic substances. Technological upgrades are required to ensure product safety and environmental sustainability.
· High costs of green technology: Implementing green technologies (e.g., low-water-consumption dyeing) requires significant investment, posing a major challenge for small and medium-sized enterprises.
· Lack of consumer education: Some consumers have limited awareness of green products or avoid them due to higher prices, which restricts market promotion. 

7.2. Impacts of Policies and Regulations  
7.2.1. Environmental Policies Driving Industry Governance and Structural Adjustment  
In recent years, global and regional environmental policies have imposed stricter requirements on pollution control in the textile industry. For instance, the Paris Agreement encourages countries to reduce greenhouse gas emissions, enforcing stringent limits on energy consumption and carbon emissions in the textile sector, thereby prompting enterprises to adopt low-carbon technologies. 

7.2.2. Compliance Requirements of Global Market Environmental Regulations  
International markets are increasingly demanding higher environmental standards for imported textiles. For example, the European Union’s Biocidal Products Regulation (BPR) mandates that all textiles containing antibacterial, anti-mite, or anti-corrosion components must meet its certification requirements; otherwise, they cannot enter the market. Furthermore, the United States requires textiles and apparel products to comply with flammability standards (e.g., ASTM D1230-94), necessitating production process upgrades to meet these safety and environmental requirements. 

7.2.3. Impacts of Free Trade Agreements and Regional Cooperation  
Regional trade agreements (e.g., Regional Comprehensive Economic Partnership (RCEP)) present new opportunities and challenges for the textile industry. For instance, RCEP promotes the reduction of import and export tariffs among member countries. At the same time, enterprises are required to meet more stringent environmental protection requirements and product standards. This imposes higher demands on the supply chain management capabilities of the textile industry, particularly in the midstream processing and manufacturing stages.

7.2.4. Circular Economy and Resource Recycling Regulations  
Policies are gradually promoting the integration of the textile industry into a circular economy model. For instance, some regions have implemented Extended Producer Responsibility (EPR), requiring brands to take responsibility for the recycling and reuse of discarded textiles, thereby improving the material recycling rate. Some companies have achieved remarkable results in this regard, with functional textiles made from recycled plastics gaining widespread recognition in international markets.



7.2.5. Cost Pressures from Regulatory Compliance  
Stricter regulations and policies have led to increased production costs for enterprises. For example, upgrading wastewater treatment facilities, introducing low-energy consumption technologies, and adopting eco-friendly dyeing and finishing processes all require significant capital investment. For small and medium-sized textile enterprises, these requirements may pose operational pressures and even affect their market competitiveness.

7.3. The Driving Potential of Innovative Technologies
7.3.1. Driving Industrial Revolution and Economic Growth
Innovative technologies often serve as catalysts for new industrial revolutions. For example, the Fifth Industrial Revolution emphasises technological convergence, with the deep integration of technologies such as Artificial Intelligence (AI), the Internet of Things (IoT), and biotechnology reshaping traditional industrial structures and creating new growth momentum, particularly in the fields of bioeconomy and sustainable fuels. Such technological innovations not only optimise the utilization of existing resources but also bring about new business models and added value to industries.

7.3.2. Promoting Cross-Domain Applications and Technological Integration
The driving potential of technology also lies in its ability to be applied across different fields. For example, the integration of emerging technologies can break industry boundaries and unleash greater creativity. Information technology as core can promote sustainable social and economic development through interdisciplinary integration, thereby demonstrating the immense potential of technological convergence.

7.3.3. Advancing Technology Commercialisation and Social Applications
The value of innovative technologies lies in their ability to transition rapidly from the laboratory to the market. For instance, government supports for driving the practical application of cutting-edge technologies such as AI-assisted healthcare which highlights the potential of innovative technologies to address societal challenges.

7.3.4. Addressing Global Challenges and Sustainable Development  
Many innovative technologies have achieved breakthroughs in tackling global issues such as climate change and energy crises. For example, smart energy-saving platforms and building envelope insulation technologies are widely applied in near-zero carbon buildings, maximising energy efficiency. Meanwhile, the application of biotechnology in sustainable fuels and green energy provides robust support for global decarbonisation and energy transitions.



7.3.5. Promoting International Cooperation and Technology Dissemination  
Innovative technologies can also strengthen international collaboration and facilitate cross-border dissemination of technical knowledge. For example, the technological demands and barriers in the bioeconomy sector require multi-party cooperation and long-term investment. Through global collaboration, the potential of innovative technologies in fields such as energy, healthcare, and agriculture can be further explored. However, changes in international policies may hinder certain global cooperation projects. Nevertheless, the long-term driving potential of innovative technologies remains undiminished.

8.	Future Development Trends

8.1. Smart Sensing Integration
· Trends and technological highlights: Smart fabrics integrate miniature sensors and flexible circuits, enabling real-time health data monitoring for use in medical and fitness wearable devices.
· Major application areas: Medical supplies, sportswear
· Market demand drivers: Health management and personalised market
· Technological advantages: Real-time data monitoring and lightweight design
· Future challenges: Sensor battery life and fabric washability

8.2. Multifunctional Composite Fabric
· Trends and technological highlights: Developing composite textile materials with waterproof, stain-resistant, antibacterial, flame-retardant, and high-elasticity properties, designed for use in outdoor sports, firefighting gear, and specialised apparel.
· Major application areas: Outdoor gear, work protective clothing
· Market demand drivers: Outdoor extreme environment requirements
· Technological advantages: Versatility and durability
· Future challenges: Cost management and material structure complexity

8.3. Biomaterial Expansion
· Trends and technological highlights: Explore plant-based and biodegradable materials such as moringa fibre, seaweed fibre, and “cellular agriculture leather” to further reduce reliance on petrochemical fibres.
· Major application areas: Fashion apparel, home products
· Market demand drivers: The rise of sustainable consumption
· Technological advantages: Biodegradable and environmentally friendly
· Future challenges: Scaling up production and optimising supply chain efficiency

8.4. Enhancing Recycling and Remanufacturing
· Trends and technological highlights: Improve the recycling system and standards, including consumer-end recycling, product depolymerisation, and remanufacturing certification processes, while enhancing the influence of international policies.
· Major application areas: Mainstream consumer goods, industrial textiles
· Market demand drivers: Promotion of circular economy policies
· Technological advantages: Reducing waste and promoting resource reuse
· Future challenges: Global unified recycling standards and logistics costs


Learning Activities

(1) Green Textile Innovation Case Study
· Students form small groups and select one green textile technology from the document (e.g., waterless dyeing, regenerated fibres, bio‑based materials, thermochromic textiles).
· Each group researches how the chosen technology works, its environmental benefits, its industry applications, and challenges.
· Groups present their findings using a short presentation or poster, highlighting how the technology supports sustainability in the textile industry.
(2) Sustainable Product Design Task
· Students design a conceptual textile product (e.g., clothing item, home textile, functional fabric). 
· They prepare a brief design report explaining material choices, dyeing/finishing technologies, expected environmental benefits, and the product’s potential market appeal.
· Optional: Students create a simple prototype or sketch.

Assessment

(1) Explain the core concept of green textiles and discuss how it contributes to sustainability throughout the textile lifecycle.
(2) Describe the major historical developments that led to the rise of green textiles from the late 20th century to the present.
(3) Discuss how the circular economy model is applied within the green textile industry.
(4) Compare natural fibres and regenerated fibres in terms of environmental advantages, performance, and industrial applications.
(5) Describe at least three bio-based material production technologies and explain their roles in promoting sustainable textile development.
(6) Evaluate the environmental impacts of traditional dyeing methods and explain how innovative dyeing technologies (e.g., digital dyeing, supercritical CO₂ dyeing) mitigate these impacts.
(7) Explain the principles behind antibacterial textile technologies and provide global examples of their applications.
(8) Analyse how consumer behaviour influences the development of green textiles and describe at least two key drivers of sustainable consumption.
(9) Discuss the impacts of global environmental policies and regulations on textile manufacturing.
(10) Identify and explain three future development trends in green textiles, including their technological advantages and challenges.

