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ABSTRACT: This review aims to address the environmental issues associated with the textile sector and
explores innovative and optimal approaches for the zero-waste recycling of post-consumer cotton waste.
The textile industry can transition toward a circular economy by implementing various recycling techniques.
This will significantly cut the waste and raw material consumption, while promoting sustainability and
environmental responsibility in textile manufacturing and consumption practices. This study focuses on
several key techniques, including producing carbon fibres from waste, which provides a sustainable
alternative to petroleum-based precursors. In addition, the regeneration of viscose fibres is achieved by
chemical recycling of cotton waste and enzymatitc recycling. Method of Gasification and Thermochemical
Valorisation, ioncell process is also discussed, emphasizing its potential to encourage resource conservation
and lessen dependency on virgin resources. It also explains how cellulose nanofibrils (CNFs) can be
extracted from post-consumer textiles and utilised to produce high-performance materials. Additionally,
despite difficulties in preserving fibre quality, the potential of mechanical recycling techniques to yield
viable yarns from recycled fibres is investigated.

Keywords: Cellulose recycling; Eco-friendliness; Repurposing waste; Regenerative economy; Sustainable
growth

1. Introduction

The manufacture of textiles, including natural and synthetic fibres, and the Preparation, finishing, and
garmenting procedures are some of the stages that contribute to the textile industry’s significant pollution.
Furthermore, the environmental issues associated with this business are exacerbated by the problem of
textile waste, particularly post-consumer waste. Achieving a zero-waste goal requires innovative strategies
for post-consumer waste. Textile waste should be considered a new source of energy and carbon in the
circular economy framework. Textile consumption is increasing daily; a new idea is needed to address the
rise in post-consumer waste. Due to the fast fashion cycle and the production of less expensive, shorter-
lived textile products, post-consumer textile waste has increased. Concerns about pollution reduction led to
upcycling textile waste to recover, at least in part, the materials and energy used in their production, hence
lowering the products’ carbon and water footprints [1]. In addition to the environmental impacts of textile
production, the issue of textile waste management has become a global sustainability challenge. Rapid
industrialisation and increasing consumer purchasing behaviour have accelerated textile consumption
across the world. Used apparel, home textiles, and other fabric-based items that are thrown away after usage
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are all considered post-consumer textile waste. Recycling of clothes is difficult because they are made of
different materials. For example, a t-shirt can be made of cotton and polyester mixed together. This makes
it tricky to recycle. Therefore, developing innovative recycling technologies that can efficiently recover
fibres and valuable materials from textile waste is essential for sustainable resource management.

The three necessities of humans are clothes, food, and shelter. The textile industry meets people’s basic
clothing needs. The textile and garment industry has produced more clothes at lower prices due to
globalisation [2]. The textile industry is now creating a significant amount of environmental pollution while
meeting the increased demand for garments. A significant amount of energy and water is consumed in the
synthesis and manufacture of textile fibres and converting them into fashion items [3,4]. By recycling or at
least partially recovering the resources and energy used in creating these things, this transformation aims
to value post-consumer waste. Reaching a zero-waste target requires efficient handling of post-consumer
textile waste [5].

In addition, after use, millions of tons of textile items are discarded annually. Incineration is one of the
primary strategies for managing post-consumer textile waste, although each approach has its disadvantages.
In addition to the sluggish and drawn-out process of fibre degradation in landfills, burning textile waste
increases air pollution and exacerbates the greenhouse gas impact [6]. Still, no complete sustainable
recycling alternative exists for this substantial amount of post-consumer textile waste. Recycling textile
waste has been a significant concern for many years, despite several obstacles. Furthermore, the concept of
circular economy has gained significant attention as a sustainable alternative to the traditional linear
production model of “take—make—dispose”. Circular economy tactics in the textile industry place a strong
emphasis on prolonging product life cycles, enhancing recyclability, and recovering valuable materials
from waste streams. Because it is renewable and has a high cellulose content, post-consumer cotton waste
is a great feedstock for the creation of value-added materials. The textile sector may create economic
possibilities and drastically lessen its environmental impact by combining cutting-edge recycling
technology with sustainable production methods. Research on innovative recycling pathways for cotton-
based textile waste has increased in recent years, with a focus on upcycling of discarded materials into
functional fibres, chemicals, and advanced biomaterials [7]. This review aims to address the environmental
issues associated with the textile sector and explores innovative and optimal approaches for the zero-waste
recycling of post-consumer cotton waste. The textile industry can transition toward a circular economy by
implementing various recycling techniques. This will significantly cut the waste and raw material
consumption, while promoting sustainability and environmental responsibility in textile manufacturing and
consumption practices. This study focuses on several key techniques, including producing carbon fibres
from waste, which provides a sustainable alternative to petroleum-based precursors. in addition, the
regeneration of viscose fibres by chemical recycling of cotton waste, enzymatitc recycling, Method of
Gasification and Thermochemical Valorisation, and the ioncell process is discussed, emphasizing its
potential to encourage resource conservation and lessen dependency on virgin resources. It also explains
how cellulose nanofibrils (CNFs) can be extracted from post-consumer textiles and utilised to produce high-
performance materials. Additionally, despite difficulties in preserving fibre quality, the potential of
mechanical recycling techniques to yield viable yarns from recycled fibres is investigated.

2. Need for Waste Recycling of Textile Waste

The fashion industry is one of the most polluting industries, with one of the largest supply chains [8].
Its operations produce a substantial amount of trash, including both liquid and solid waste, with a low
recycling rate of 15%. These factors make the fashion and apparel industry an ideal place to implement the
principles of the circular economy (CE) [9]. Plant-based and synthetic cellulosic fibres accounted for 36%
of the 109 million tonnes of fibre produced worldwide in 2020. Cotton remains the most widely used fibre,
with a yearly output of 26.2 million tonnes [10]. According to a study by the Ellen MacArthur Foundation,



Green Chem. Technol. 2026, 3(3), 10014. doi:10.70322/gct.2026.10014 3of 11

only a very small portion of post-consumer textile waste was recycled in 2017 (14%); the rest was burnt or
disposed of in landfills. Only about 1% of the fibres used to create clothing are derived from recycled
materials, and others are categorised as downcycled materials. Some experts even assert that the amount
may be as low as 0.1%. The value-adding of waste and abandoned goods has several advantages from an
economic, social, and environmental standpoint [11,12].

In addition to its negative effects on the environment, textile waste represents a significant loss of
valuable raw materials and financial resources. Land, water, fertilisers, and pesticides are just a few of the
many agricultural inputs needed for cotton production. The resources used to manufacture cotton-based
textiles are lost when they are thrown away after only a few uses. By reducing the need for virgin cotton
production, recycling cotton waste can help preserve natural resources and lessen the negative effects of
agriculture on the environment. Additionally, recycling procedures frequently utilise less energy than
manufacturing fibres from raw materials, which helps reduce greenhouse gas emissions along the whole
textile production chain [13]. Concern over landfill capacity and waste management infrastructure is a
major driving force for the recycling of textile waste. Particularly when textiles contain synthetic mixes,
large amounts of textile waste build up in landfills, where degradation happens extremely slowly. Long-
term environmental damage and the emission of greenhouse gases like methane can be caused by this
gradual degradation. Further environmental risks might result from textile dyes and finishing chemicals
seeping into groundwater and soil. Therefore, improving textile recycling technologies is crucial to address
these environmental risks while promoting sustainable waste management practices [14].

3. The Difficulties in Recycling Post-Consumer Textiles

e Recycling of post-consumer cotton waste is a major problem. The main issue with recycling post-
consumer fabric is that it is made up of different fibres, including cotton and synthetic fibres like
polyester. This makes it difficult to separate and recycle.

e The dyes and other chemicals used on post-consumer waste create a challenge for recycling and
extracting high-quality fibres from it. When we try to recycle post-consumer cotton waste mechanically,
the fibres get weaker, which limits the usability of the fibres.

e Chemical methods of recycling post-consumer cotton waste are a better option, but they use a lot of
energy and chemicals that create adverse effects on the environment. The real fact is that we are still
lagging in an efficient system for collecting, sorting, and categorising post-consumer cotton waste,
which is the biggest obstacle in recycling a lot of textiles.

e Economic feasibility is another critical challenge, as recycled fibres often struggle to compete with
low-cost virgin cotton in the global market [15].

4. Innovative Approaches Can Be Adopted for Recycling Post-Consumer Cotton Waste

Ongoing developments in material science and chemical engineering have enabled the exploration of
innovative and effective approaches to recovering textile waste. In addition to recovering fibres, these
technologies aim to convert textile waste into advanced materials with better useful properties. A number of
studies have concentrated on turning cotton waste into valuable goods, including carbon-based compounds,
nanomaterials, and regenerated fibres. Depending on the intended end-use applications, each recycling
method has special benefits. Therefore, identifying suitable recycling approaches is important for maximising
the value recovered from post-consumer cotton waste while ensuring environmental sustainability.

Post-consumer cotton waste can be recycled in different ways into valuable end products. This paper
focuses on different interesting methods and their benefits of recycling cotton waste, each of which will be
discussed sequentially.
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4.1. The Formation of High-Value Carbon Fibres from Cotton Waste

Cotton-based post-consumer textile can also be used to produce carbon material by pyrolysis in
nitrogen at higher temperatures, resulting in the best structural quality and the highest carbon content.
Carbon fibres are lightweight, strong, and resistant to heat, chemicals, and corrosion, making them useful
in industries such as sports, construction, and electronics. Although conventional precursors available on
the market, such as PAN and pitch, produce fibres with high strength, they rely on non-renewable, polluting,
and expensive methods. By using bio-based materials like cotton waste offers a more eco-friendly
alternative that works on lower carbonisation temperatures, though the resulting fibres have comparatively
lower tensile strength. The overall process includes cleaning and drying the waste fabric, then heating it in
a nitrogen-filled furnace to produce sustainable carbon fibres [16].

4.2. Hydrated Zinc Chloride Converts Cotton Waste into Viscose Staple Fibre

Chemical recycling is one of the most appealing options, which converts the waste cellulosic textiles
into fibres like Modal, Lyocell, or viscose. It is estimated that the need for raw wood in the production of
viscose fibres can be eliminated by recycling 25% of cotton and rayon waste [17].

In this approach of recycling, the treatment of cotton waste can be done by either low-consistency or
high-consistency treatment. Low and high-consistency pulp preparation from cotton waste textiles utilising
a ZnCl2-4H20 solution shows an efficient and sustainable method for recycling textile waste for advanced
material fabrication. In the low-consistency approach, a smaller amount of cotton by weight (approximately
2%) is gradually incorporated into a ZnClz solution. In the high-consistency process, we use a stronger
ZnCl2 solution, and a larger amount of textile waste is added in batches up to 4.3% cotton. After
precipitation, the pulp undergoes several washes to remove residual chemicals. Each process offers an
adaptable route to generate clean pulp from cotton waste, providing a highly valuable fibre production and
other sustainable material developments [18].

Solvents are essential to chemical recycling because they allow cellulose fibres to dissolve and
regenerate. Hydrated zinc chloride (ZnCl2-4H20) is one of the better solvent systems because of its ability
to break up cellulose’s large hydrogen bonding network, which makes cellulose easier to dissolve. ZnCl2
functions as a Lewis acid, as it interacts with the hydroxyl groups in cellulose to promote swelling and fibre
solubilization. The ZnClz-based method provides a more safer and environmental friendly alternative
forconventional viscose processing, which is done by carbon disulfide, but efficient recovery and recycling
of zinc salts are still essential for process sustainability [19]. However, these traditional solvents present
several limitations, including toxicity, high energy consumption, and challenges in solvent recovery, which
raise environmental and occupational health concerns.

Preparation of Viscose Fibre

The pulp made with zinc chloride is washed with water and a dilute sodium hydroxide solution to
remove zinc salts (if any). The cleaned pulp is then air-dried & to make viscose, the pulp goes through
modified processing steps:

Spends a longer time in the alkali solution (Mercerisation) to swell properly.

Pre-aged at a lower temperature to prevent excessive breakdown of the cellulose.

Less carbon disulfide is required in the xanthation step to maintain high-quality viscose.
Extruded through a spinneret with many small holes into a warm spin bath.

4.3. Recycling of Cotton Waste into Anionic and Cationic Nanofibrils

Extracting cellulose nanofibrils (CNFs) from discarded cotton textiles offers a sustainable route for
transforming waste into valuable resources. The process typically employs one of two chemical treatments:
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1. cationization, which involves applying (2,3-epoxypropyl) trimethylammonium chloride to produce
positively charged CNFs (Cat-CNFs); and 2. oxidation through TEMPO/NaBr, resulting in negatively
charged CNFs (TO-CNFs).

Cotton has a high cellulose content of over 90% of its mass, and these fibres are a perfect source for
nanofibril production. The structural composition of cellulose allows for the breakdown into nano-sized
fibrils, which can be classified by their shape as cellulose nanocrystals (CNCs) or cellulose nanofibrils
(CNFs). CNFs typically extend up to 100 um in length and 3—100 nm in diameter. Creating charged groups
on the fibre surface through chemical pre-treatment enhances mechanical separation efficiency by reducing
fibre-fibre bonding. These methods have garnered attention for their potential use in developing sustainable,
high-performance materials, thereby reducing reliance on fossil fuel-derived products [20].

Benefits of this method of recycling:

Even when CNFs are in low amounts in water, they can form gels.

This is because they are long, bendable, and have little twists and branches that make them easy to tangle.
CNFs are great building blocks for making various materials, such as fibres, thin sheets, and foams.
They are strong, have a large surface area, and a flexible fibre structure.

Using CNFs, it is possible to make new types of materials that combine the unique shapes of these
materials with the special properties of CNFs.

4.4. Mechanical Recycling

The technique of turning textile fabric back into fibres without chemicals is known as mechanical
recycling. This procedure includes shredding cloth; however, it shortens the fibres and diminishes their
quality. Fabrics manufactured from mechanically recycled fibres can not be very robust as a result. Both
new items and discarded cotton clothing can be recycled mechanically. This can be the best chemical-free
approach demonstrated for creating textiles and goods from recycled cotton. Mechanical recycling is
chemical free recycling, but it shows many technological challenges. It affects fibre quality and product
performance. The fiber length is drastically shortened during the shredding and opening procedures, which
lowers yarn strength and spinning efficiency.

Furthermore, impurities like stitching threads, accessories, or finishing chemicals are frequently
present in recycled fibers and need to be eliminated during the preparation phase. Advanced sorting
technologies, such as near-infrared spectroscopy and automated optical systems, are being developed to
improve the separation of textile materials by fibre type and colour. These technologies may significantly
enhance the efficiency and quality of mechanically recycled fibres in the future. At least 80% cotton was
utilized in the fabrics created from worn clothing. In this recycling method, first, Yarns are manufactured
by combining fresh cotton with both pre- & post-consumer recycled cotton on a ring spinning machine, as
seen in Figure 1 [21].
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1. Sorting waste 2. Cleaning, cutting, 3. Blending recycled 4, Carding and
by composition shredding, and fiber fibers with virgin spinning yarn in
and color extraction cotton ring frame

Figure 1. Manufacturing of yarns by blending of virgin and recycled waste.

The following procedures are used in recycling industries for the mechanical conversion of textile
waste into recycled cotton. Following sorting, a cutter is used to reduce the discarded materials into tiny
pieces. In order to prevent any fire incidents during shredding, waste has to be conditioned. The resulting
extracted fibres are formed into bundles and sent to the mixing room [22]. Flow chart of mechanical
recycling has showm in Figure 2.

Sorting of the material based on the type of
fabric, blend, and other composition

\ 4

Feeding of material to the shredder

¥

Several zones for shredding

\ 4

( Delivery of material

\ 4

Final bale making.

Figure 2. Flow chart of mchanical recycling process.

Recycled fibres still included a lot of hard fibre lumps even after being crushed and opened violently
in a shredding machine.

The properties of recycled cotton from cotton waste and virgin cotton differ significantly, making it
more difficult to obtain the exact functional qualities of virgin cotton. However, recycled cotton can be
blended with virgin cotton for everyday use or other applications.

4.5. Enzymatic and Biological Recycling

For the purpose of valuing post-consumer cotton waste, enzymatic recycling has become a viable,
sustainable substitute for traditional chemical procedures. This technique uses cellulase enzymes to
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hydrolyse cellulose specifically into glucose or oligosaccharides under mild working conditions. Enzymatic
systems operate at neutral pH and require less energy than chemical recycling, since they function at lower
temperatures. According to recent studies, cotton-rich textile waste may be successfully handled by
enzymatic hydrolysis, particularly if it is pre-treated to eliminate dyes and finishes. The resultant sugars
can be transformed into biopolymers or used to manufacture bioethanol, thereby extending the textile
recycling value chain [23].

Limitations like sluggish reaction kinetics, expensive enzymes, and contaminant sensitivity, however,
continue to be major obstacles. Enzyme engineering and process optimisation are the main areas of ongoing
research to improve productivity and industrial viability.

4.6. Hydrothermal and Solvolysis Recycling

By treating textile waste with water at high temperatures and pressures, hydrothermal recycling breaks
down cellulose into smaller molecules, such as hydrochar, sugars, and platform chemicals. This approach is
environmentally appealing as it doesn’t call for extra chemicals [24]. In contrast, solvolysis uses organic
solvents (such as ethanol and methanol) to separate mixed fibres and depolymerise cellulose. This technique
is especially helpful for cotton-polyester blends [25]. These methods can be used for blending textile with a
lower amount of chemicals. Large-scale adoption is still hampered by high energy needs and reactor prices.

4.7. Gasification and Thermochemical Valorisation

Thermochemical processes such as gasification provide an alternative route for converting cotton waste
into energy and valuable chemicals. In gasification, textile waste is heated to high temperatures (700—
1000 °C) in an oxygen-controlled atmosphere to create synthesis gas (CO and H2), which may be used to
make chemicals or fuel.

Gasification has more product uses and a greater energy recovery efficiency than pyrolysis.

Compared to pyrolysis, gasification offers higher energy recovery efficiency and broader product
applications. Additionally, this method can handle contaminated and blended textile waste streams that are
difficult to recycle mechanically or chemically [26].

However, the process requires significant capital investment and advanced emission control systems,
limiting its widespread adoption.

4.8. Ioncell Process

In recent years, significant attention has been directed toward the development of green solvent systems
that offer improved sustainability and efficiency in textile recycling processes. Recent advancements in
textile recycling have focused on fibre-to-fibre closed-loop systems, where post-consumer cotton waste is
directly converted into new textile fibres of comparable quality. Technologies such as Ioncell, Refibra™,
and Circulose® represent significant progress in this area [27].

Ionic liquids are used in the loncell process to break down cellulose and produce fibres with superior
mechanical qualities that are on par with commercial lyocell fibres. Similarly, industrial-scale textile
recycling is made possible by Circulose® technology, which transforms cotton waste into dissolving pulp
for the manufacturing of viscose fibre. Although these technologies are a significant step toward the
manufacture of circular textiles, issues with cost, scalability, and infrastructure integration still exist.

Ionic liquids (ILs) that dissolve cellulose without derivatisation, such as 1-ethyl-3-methylimidazolium
acetate [EMIM][OAc], have become very successful solvents. Because these solvents have strong hydrogen
bond disruption properties, cotton fibres may be immediately dissolved and regenerated into better cellulose
materials [28]. Additionally, ionic liquids have shown potential in selectively dissolving cellulose from
blended textiles such as polycotton, enabling efficient separation of fibres.



Green Chem. Technol. 2026, 3(3), 10014. doi:10.70322/gct.2026.10014 8of 11

In case of Deep eutectic solvents (DESs), formed by combining hydrogen bond donors and acceptors
(e.g, choline chloride and urea), represent another class of green solvents for cellulose processing.
Compared to traditional solvents, DESs are economical, biodegradable, and less hazardous. In blends of
textiles, these technologies have proven to be able to dissolve cellulose selectively while maintaining
polyester components, making fibre separation and recycling easier. However, high viscosity and slower
dissolution kinetics remain challenges that require further optimisation for industrial-scale applications [29].

Despite these advantages, challenges such as high solvent cost, viscosity, and recycling efficiency
remain barriers to large-scale industrial adoption.

5. Comparison of the Above Discussed Approaches for Recycling of Waste

Various approaches have been developed for the recycling of cotton waste, each based on different
principles such as mechanical, chemical, thermal, and biological processes. These methods vary in terms
of efficiency, environmental impact, cost, and suitability for specific applications. A comparative overview
of these recycling techniques, along with their advantages, limitations, and key applications, is presented

in Table 1.

Table 1. Comparison of different approaches for the recycling of cotton waste.

Method Working Principle Advantages Limitations Best Applications
Heating cotton waste in Eco-friendly alternative to
. . . . . Lower strength than Sports goods,
Carbon Fibre nitrogen (no oxygen) at high  PAN, lightweight, good . .
. . . commercial carbon construction,
(Pyrolysis) temperature to convert into thermal & chemical . . .
fibres, energy intensive electronics

carbon fibres

resistance

ZnCl,-Based
Viscose Process

Dissolving cellulose using
hydrated zinc chloride and
regenerating fibres

Safer than conventional
viscose, efficient cellulose
dissolution, reduces wood
usage

ZnCl; recovery needed,
still involves chemicals

Regenerated fibres
(viscose, modal)

. . . . Composites
. Chemical + mechanical High strength, large surface Costly processing .p ’
Nanofibrils . . . . coatings,
treatment to break cotton into area, forms gels, versatile requires chemical . .
(CNFs/CNCs) . . . biomedical
nano-sized fibrils material pretreatment .
materials
. Physical shredding and re- . Fibre damage, reduced
Mechanical .y . g . Low cost, no chemicals, g% .. Blended yarns, low-
. spinning of fibres without . strength, contamination .
Recycling . simple process . value textiles
chemicals issues
Cellulase enzymes break Slow process; expensive
Enzymatic . Y Low energy, eco-friendly, P o P Bioethanol,
. cellulose into sugars under . L. enzymes, sensitive to .
Recycling . .. high selectivity . . biopolymers
mild conditions impurities
High temperature & pressure . . . .
Hydrothermal & p P ) No chemicals needed; High energy requirement; Biofuels, platform
. water breaks cellulose into . . .
Recycling handles mixed waste expensive reactors chemicals
smaller molecules
Organic solvents dissolve
. g Effective for cotton—polyesterSolvent recovery needed, Fibre separation,
Solvolysis cellulose and separate blended . .
blends, good fibre recovery cost issues recycling blends
fibres
High-temperature partial . . . .
. . Ty High energy recovery; High capital cost, Fuel production,
Gasification oxidation produces syngas (CO . . .
T Hy) handles contaminated waste emission control needed chemicals
2
Ionic liquids or green solvents __. . High solvent cost; . .
Ioncell/IL/DES . d £ High-quality fibres; closed- . S T Textile-to-textile
dissolve cellulose and ] . viscosity issues; scaling .
Process loop recycling; sustainable recycling

regenerate fibres

challenges
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6. Conclusions

Recycling post-consumer cotton waste is a viable technique to apply the circular economy and produce
textiles in a sustainable manner. The methods included in this study, such as chemical regeneration,
mechanical recycling, thermochemical conversion, and nanomaterial extraction, show promise for turning
textile waste into products with additional value. These technologies lower the demand for virgin raw
materials, preserve resources, and lessen their negative effects on the environment.

But despite tremendous progress, there are still a number of important obstacles that prevent these
recycling systems from being widely used. The diverse makeup of textile waste, especially the
pervasiveness of mixed materials like cotton-polyester, which makes fibre separation more difficult and
lowers recycling efficiency, is one of the main problems. Furthermore, the quality of regenerated goods and
processing efficiency are negatively impacted by dyes, finishing chemicals, and pollutants found in post-
consumer textiles. In particular, for mixed textiles, future research should concentrate on creating effective
and selective fibre separation methods. lonic liquids and deep eutectic solvents are examples of advanced
solvent systems with great potential, but more work is needed to increase their affordability, recyclability,
and large-scale application.

Solvent recovery and process sustainability are another significant obstacle. Solvents used in many
chemical recycling processes are either ecologically toxic or require a lot of energy to recover. There is a
need to develop closed-loop, less energy-consuming solvent recovery systems for industrial applications in
the aspect of sustainability. Maintaining fibre tensile strength and length remains a major challenge in
mechanical recycling. More future research and development is needed, and should include hybrid
recycling techniques that combine mechanical and chemical treatments to preserve fibre properties while
improving process efficiency. The absence of effective mechanisms for collecting, classifying, and sorting
textile waste remains a major obstacle from an industrial standpoint. Recycling efficiency and material
recovery rates might be greatly increased by using cutting-edge technology like near-infrared spectroscopy
and artificial intelligence-based sorting.

Life cycle assessment (LCA) is also necessary to analyse the actual environmental benefits of new
recycling technologies and ensure that reductions in carbon and water footprints are achieved without
unforeseen trade-offs. In conclusion, a different strategy that incorporates technical innovation, industrial
scalability, regulatory intervention, and consumer awareness is mandatory to achieve a sustainable and
circular textile industry. To overcome current problems and efficiently recycle waste, further research and
cooperation between academics and industry will be necessary.
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