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Introduction

The textile and fashion industry is a significant source of global waste, with a sub-
stantial amount ending up in landfills or undergoing incineration. This pervasive
issue necessitates a thorough examination of current waste management practices
and the exploration of more sustainable alternatives [1]. Recognizing the urgency,
researchers are actively developing innovative approaches for textile recycling to
mitigate environmental harm and conserve valuable resources. Advancements in
both mechanical and chemical recycling technologies are at the forefront of these
efforts, offering promising solutions for transforming waste into reusable materials

[1].

A critical challenge in textile recycling lies in the prevalence of blended fibers,
which complicates separation and processing. Addressing these complexities re-
quires specialized techniques and a deeper understanding of material properties
to achieve effective recovery [1]. Furthermore, the economic viability of circular
business models is a crucial consideration for the widespread adoption of tex-
tile recycling initiatives. Companies are increasingly exploring ways to integrate
reuse, repair, and material recovery into their operations to create closed-loop sys-
tems [1].

This shift represents a fundamental transition from the traditional linear 'take-
make-dispose’ economic model to a more sustainable circular economy. This new
paradigm emphasizes resource efficiency, waste reduction, and the maximization
of product lifecycles through innovative strategies and collaborative efforts [1]. The
growing body of research highlights the multifaceted nature of textile waste and the
need for comprehensive solutions that encompass technological, economic, and
social dimensions [1].

In parallel, research delves into the technical feasibility and environmental impact
of advanced chemical recycling methods. These techniques are crucial for pro-
cessing post-consumer textiles that are difficult to manage with conventional me-
chanical processes. Specifically, the depolymerization of polyester and the disso-
lution of cotton are being examined to understand their potential for high-quality
fiber regeneration [2]. Such methods are essential for closing the loop in tex-
tile manufacturing and reducing the industry’s heavy reliance on virgin resources,
thereby decreasing its environmental footprint [2].

The exploration of the circular economy within the fashion industry also extends to
addressing the multifaceted nature of textile waste through systemic changes. This
involves investigating the role of design for disassembly, which ensures that gar-
ments can be easily deconstructed for recycling at the end of their life [3]. Innova-
tive collection systems are also being developed to facilitate the efficient gathering
of used textiles, and new business models are emerging to incentivize consumer

participation in return and recycling programs [3].

The economic benefits and job creation opportunities associated with establish-
ing a robust textile recycling infrastructure are significant, offering a pathway to a
more sustainable and socially responsible fashion industry [3]. The environmental
footprint of the global fashion industry is substantial, with textile waste emerging
as a critical concern that demands immediate attention and innovative solutions

[5].

Studies focusing on the technical hurdles and advancements in mechanical re-
cycling, particularly for cotton-based textiles, are vital for improving existing pro-
cesses. These investigations examine the impact of fiber degradation during
shredding and carding on the quality of recycled yarn, proposing solutions to miti-
gate such damage and enhance the properties of mechanically recycled cotton for
wider application [4].

Beyond mechanical and traditional chemical methods, novel enzymatic ap-
proaches are being explored for selective fiber separation, particularly for com-
plex blended textiles. This innovative method offers a more sustainable and less
energy-intensive alternative to traditional separation techniques, paving the way
for improved recycling of composite textile materials by selectively breaking down
specific fiber components [6].

The market viability and consumer acceptance of recycled textile products are also
crucial factors for the success of circular economy initiatives. Research in this area
examines the factors influencing purchasing decisions, such as perceived quality,
price, and brand perception, aiming to foster greater demand for sustainable fash-
ion [7].

Finally, the policy and regulatory landscape plays a pivotal role in promoting tex-
tile recycling and waste management. Discussions focus on the role of govern-
ments and industry stakeholders in creating an enabling environment for circularity
through legislation, policy gaps identification, and the implementation of extended
producer responsibility schemes to accelerate the transition towards a circular tex-
tile economy [8].

Description

The textile and fashion industry’s substantial contribution to waste generation ne-
cessitates innovative recycling strategies and a transition towards a circular econ-
omy. A review of current literature highlights the growing urgency and the devel-
opment of advanced approaches for textile recycling, including mechanical and
chemical methods, as well as the challenges posed by blended fibers and the eco-
nomic viability of circular business models [1]. This signifies a move away from a
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linear consumption pattern towards one that prioritizes reuse, repair, and effective
material recovery, fostering a more sustainable approach to textile production and
consumption [1].

Advanced chemical recycling methods are being rigorously investigated for their
technical feasibility and environmental impact on post-consumer textiles. This in-
cludes detailed examinations of polyester depolymerization and cotton dissolution
processes, offering a comparative analysis of energy consumption and emissions.
The potential for high-quality fiber regeneration from these methods is crucial for
closing the loop in textile manufacturing and reducing dependence on virgin re-
sources [2].

Within the fashion industry, the concept of a circular economy is being explored
through various strategies to tackle textile waste. Key among these are the princi-
ples of design for disassembly, the implementation of innovative collection systems
for used garments, and the development of new business models that encourage
consumer participation in textile return and recycling programs. These initiatives
are seen as crucial for unlocking economic benefits and creating employment op-
portunities within a robust textile recycling infrastructure [3].

The environmental footprint of the global fashion industry is a significant concern,
with textile waste being a critical component of this impact. Life cycle assessments
(LCAs) of different textile waste management strategies, including landfilling, in-
cineration, and various recycling methods, reveal the substantial environmental
benefits of advanced recycling technologies and circular economy principles over
conventional disposal methods [5].

Mechanical recycling of cotton-based textiles presents its own set of technical hur-
dles, particularly concerning fiber quality. Research in this area investigates the
impact of fiber degradation during processing and proposes solutions, such as op-
timizing machinery and exploring pre-treatment methods, to improve the properties
of mechanically recycled cotton for broader applications [4].

To address the complexities of blended textiles, novel enzymatic approaches are
being developed for selective fiber separation. The enzymatic hydrolysis of cel-
lulose in cotton-polyester blends, for instance, allows for the recovery of intact
polyester fibers. This method offers a more sustainable and less energy-intensive
alternative to traditional separation techniques, promoting better recycling of com-
posite textile materials [6].

The success of recycled textile products hinges on their market viability and con-
sumer acceptance. Studies in this domain examine the factors that influence con-
sumer purchasing decisions, such as perceived quality, price, and brand percep-
tion, aiming to enhance the demand for sustainable fashion choices [7].

Policy and regulatory frameworks are essential for promoting textile recycling and
waste management. This involves analyzing existing legislation, identifying pol-
icy gaps, and proposing recommendations to foster an environment conducive to
circularity within the textile sector. The implementation of extended producer re-
sponsibility schemes and incentives for sustainable practices are highlighted as
key drivers for this transition [8].

Innovative chemical recycling methods, such as the use of ionic liquids for
polyester textiles, are being developed to create a closed-loop system. This pro-
cess allows for the efficient dissolution of polyester and subsequent regeneration
of high-purity components, significantly reducing the environmental impact asso-
ciated with polyester production and disposal [9].

Overall, the textile industry faces considerable challenges due to its extensive
waste generation. Understanding the limitations of traditional recycling methods
and the promise of emerging technologies is crucial. A holistic approach that
considers the economic, environmental, and social dimensions of textile waste,
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along with collaborative efforts among industry, researchers, and policymakers, is
paramount to achieving effective and sustainable textile circularity [10].

Conclusion

The textile industry faces significant waste generation, driving innovation in re-
cycling and the adoption of circular economy principles. Advanced mechanical
and chemical recycling techniques are being developed to address challenges like
blended fibers, aiming to recover high-quality materials and reduce reliance on
virgin resources. Life cycle assessments highlight the environmental benefits of
these sustainable approaches over traditional waste disposal. The success of re-
cycled products depends on market acceptance and supportive policies, including
extended producer responsibility schemes. Innovative methods like enzymatic and
ionic liquid-based recycling offer more sustainable pathways for material recovery.
Ultimately, achieving textile circularity requires collaboration across industry, re-
search, and policy sectors to move from a linear to a circular model.
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