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Abstract

The increasing volume of textile waste in Europe presents a critical environmental and economic
challenge, particularly in isolated regions such as the Canary Islands and the broader
Macaronesian region. This study presents a comprehensive review of textile waste generation,
legislation, and management strategies across Europe, with a special focus in this isolated
territory, comprising Canary Islands, Madeira, Azores and Cape Verde. An assessment of the
specificities of this region, its low market volume and relatively lower technological development
compared to continental Europe, the difficulties in logistics, together with its high biodiversity
and fragile territory makes it necessary to undertake specific actions adapted to the territory. The
comparative analysis performed allows to determine a number of challenges and opportunities for
textile circularity in the Macaronesian region, which should target a decentralized infrastructure,
improve data systems, and produce or adapt targeted policy measures to advance towards textile
waste valorization in insular and isolated environments.

Keywords: Textile Waste, Circular Economy, Macaronesia, Waste Management, Canary Islands,
Recycling

1. Introduction

The management of textile waste has become an increasingly pressing environmental concern.
The linear consumption model, together with the rise of fast fashion, has made the production and
disposal of textiles grow significantly, leading to environmental pollution and resource depletion.
Textile waste includes discarded clothing, household textiles, and industrial fabrics, which often
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end up in landfills or are incinerated, and with recycling ratios that still need to be further
improved to reach the objectives set by 2030. This report provides an overview of textile waste
in Europe, Spain, the Canary Islands, and the Macaronesian region, with an emphasis on the types
of waste generated, current management practices, and strategies to improve waste valorization.
The limitations in the availability of data make it difficult to analyze the actual production of such
type of residues, especially in the Macaronesian region. This is in fact one of the main objectives
of initiatives such as the TEXTIL project (MAC/2/2.6/0096), which aims to bring an updated
picture on the state of collection, separation and valorization of such materials in these isolated
territories (Macaronesia).

Legislation and public policy play a critical role in aligning the fast fashion industry with more
sustainable practices. Emerging regulations worldwide are set to enforce higher recycling
standards and establish a set of objectives for textile waste management (European Commission
2022; Watkins et al. 2024). While the potential impact of these policies is still unfolding, they are
expected to encourage brands to adopt sustainable practices and integrate recycling into their
supply chains more thoroughly.

The European Union (EU) has also recognized the need for improved management of textile
waste and has introduced policies, such as the EU strategy for sustainable and circular textiles in
(European Commission 2022), aimed at transitioning towards a circular greener economy. These
policies include directives and strategies that encourage recycling, reuse, and sustainable
production practices, being the main ones:

e Waste Framework Directive (2008/98/EC): It requires the member states to apply the
waste hierarchy, prioritizing prevention, reuse, and recycling over disposal.

e Circular Economy Action Plan (2020): it focuses on sustainable production and
consumption, including mandatory requirements for recycled content in textiles, although
not completely in place yet.

e EU Directive on Green Claims (2023): to prevent misleading or false environmental
claims made by companies, ensuring that green claims are based on credible evidence,
avoiding green washing and fake claims.

e EU Strategy for Sustainable and Circular Textiles (2022): with the objective of ensuring
that textiles placed on the EU market are durable, repairable, and recyclable by 2030.

e Revision of the Waste Framework Directive (2023): it aims at including Extended
Producer Responsibility schemes into the textile sector.

The new legislation also mandates separate collection of textile waste by 2025, which is expected
to significantly increase their recycling rates (European Commission 2022).

Textile recycling is a critical component of sustainable waste management, intimately linked to
the goals of a circular economy aimed at minimizing waste and reducing environmental impact.
The textile industry, characterized by its rapid growth and heavy reliance on synthetic fibers,
generates significant amounts of waste, needing effective recycling strategies. As outlined by
Indrie et al., successful management of post-consumer textile waste is imperative for achieving
zero-waste targets and improving sustainability across industries (Indrie et al. 2023). Effective
recycling involves not only the conversion of textiles into new products but also their reuse to
enhance value retention and reduce the need for virgin materials (Ashish Karnad 2023).

Fast fashion contributes to increased consumer demand and textile waste, opening discussions
around sustainable recycling practices to mitigate environmental damage. Fast fashion, typified
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by rapid production cycles and low-cost garments, contributes significantly to global textile
waste. It is estimated that approximately 92 million tons of textile waste are generated annually,
with a substantial proportion ending up in landfills or being incinerated, reflecting a very low
global recycling rate of less than 1% for textiles (Wagaw and Babu 2023; Zhai et al. 2022). The
disposable culture fostered by fast fashion promotes shorter garment lifespans, with many
consumers purchasing items to wear only a few times before discarding them (Ruiz-Caldas et al.
2022); research suggests that consumer attitudes show a recognition of the low quality of fast
fashion textiles (Polajnar Horvat and Srimpf Vendramin 2021).

This decrease in textile reutilization reinforces a linear economy where waste is the norm rather
than an exception (Juanga-Labayen, Labayen, and Yuan 2022a; Valtere, Bezrucko, and
Blumberga 2023a). Consumer attitudes towards fast fashion complicate the recycling situation,
as individuals express disillusionment regarding the quality of fast fashion textiles and a desire
for the durability seen in past products (Polajnar Horvat and Srimpf Vendramin 2021), while
aiming, at the same time, at prioritizing trends, aesthetics and cost, diminishing the perceived
value of sustainable practices such as reusing or recycling (Anjimoon et al. 2024). Although
consumers may express awareness of their responsibility in managing textile waste, practical
barriers to recycling persist (Ponnambalam et al. 2023).

The growing environmental and social concerns regarding fast fashion are forcing innovative
approaches in textile recycling. Research is increasingly focused on enhancing recycling
technologies, such as enzymatic processes and methods like catalytic hydrolysis for recovering
valuable raw materials from blended textiles (Ruuth et al. 2022; Wu et al. 2024), while the
potential use of these residues for composites production is also gaining attention (Huang, Ye,
and Zhao 2025). These advancements aim to address the challenges posed by complex fabrics,
supporting the transition towards a more sustainable, circular textile economy, wherein materials
can be regenerated with minimal loss of quality.

Fast fashion profoundly influences the landscape of textile recycling, presenting numerous
challenges while simultaneously fostering innovative solutions. As consumers become
increasingly aware of the environmental repercussions of their purchasing habits, the dialogue
surrounding sustainable recycling practices continues to get increased attention. Coordinated
efforts, including advanced recycling technologies and strong legislative frameworks, among
others, to avoid green washing strategies, are essential for transitioning the textile industry toward
a more circular and sustainable future.

2. Methodological approach, scope and limitations of the work

The preparation of this work mainly involved the search in different databases to clarify the
picture about the status of textile wastes in the Macaronesia region. It performs a comparative
review, integrating policy analysis, infrastructure assessment, and regional contextualization. The
approach combines qualitative analysis of legislative frameworks with quantitative data on waste
generation and collection rates, which are very limited, aiming to identify gaps, challenges, and
opportunities for circular textile waste management in outermost regions. Several reports about
the status of the collection, separation and potential recyclability of the textile fraction have been
analyzed and compared to the few statistical data available. For the moment, as it is shown later
in this document, the databases about wastes collection and separation are not including the textile
fraction in a separated way, and therefore it is not possible to provide agglutinated data about the
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evolution of textile wastes, even less in isolated regions, such as the ones that are within the scope
of the work, i.e. Macaronesia.

The main objective of this review is to analyze the current state of textile waste management in
the Macaronesia region, identifying specific challenges and opportunities for implementing
circular economy strategies. The study seeks to propose territory-adapted solutions that consider
the insular nature, limited infrastructure, and ecological sensitivity of the region, contributing to
the development of sustainable and scalable waste valorization models.

2.1. Scope
This work focuses on:

- The Macaronesian region (Canary Islands, Madeira, Azores, Cape Verde), with
comparative references to continental Europe.

- Textile waste management, including collection, sorting, recycling technologies, and
policy frameworks.

- Circular economy strategies, emphasizing reuse, recycling, and downcycling
applications.

- Pilot initiatives and commercial applications relevant to insular and isolated territories.

2.2. Limitations
As already mentioned, the work has some limitations, summarized in:

- Data availability: There is a lack of consistent and updated data on textile waste
generation and management in Macaronesia, which limits the precision of quantitative
comparisons.

- Technological constraints: Many recycling technologies are not yet adapted to small-
scale or low-volume waste streams typical of insular regions.

- Economic viability: The cost-effectiveness of recycling solutions is challenged by limited
market size and logistical barriers.

- Policy implementation: While EU directives provide a framework, their application in
outermost regions faces structural and administrative hurdles.

3. Fate of Textile Waste: synthetic versus natural fibers

Europe generates approximately 5.8 million tons of textile waste annually (European
Environment Agency 2024). This waste comes from various sources, including post-consumer
products (clothing and household textiles) and pre-consumer waste from the manufacturing
process. The increase in fast fashion consumption has resulted in higher production of short-lived
textile products, leading to a growing waste problem.

According to the European Environment Agency (EEA), about 87% of textile waste generated in
Europe is sent to landfill or incinerated, with only a small fraction being recycled or reused
(European Environment Agency 2024). The most common types of textile waste include:

e Clothing and apparel (e.g., shirts, trousers, dresses)
¢ Household textiles (e.g., bed linen, curtains, carpets)

e Industrial textiles (e.g., protective clothing, geotextiles)
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The fate of textile waste is a pressing issue in modern waste management, driven largely by the
rapid increase in textile consumption characterized by the fast fashion model. The overwhelming
volume of textile waste presents numerous environmental challenges, as textiles are often non-
biodegradable and can remain in landfills for hundreds of years, contributing to pollution and
resource depletion. Most commonly, textile products end:

o Landfilling: Textile waste often ends up in landfills, taking years to decompose (if
happening). Over 44,2% of post-consumer textile waste ended up in landfills in the EU
in 2019 (Napolano et al. 2025).

e Incineration: 46,1% of this post-consumer waste was used for energy recovery (Napolano
et al. 2025).

e Recycling: Textile recycling rates in Europe remain low (EU has estimated that less than
1% of textile wastes are transformed into new textile products (European Commission
2022)). Mechanical recycling is the most common method, where fabrics are shredded to
produce fibers for new products. Chemical recycling, though less common, breaks down
textiles into their raw materials for reuse, and it’s a promising strategy for the future
management of residues, particularly for mixed fractions.

e Reuse: Second-hand clothing markets and charitable organizations play a significant role
in extending the lifespan of textile products (Valtere, Bezrucko, and Blumberga 2023b).

It should be highlighted that the composition of textile products plays a crucial role in determining
their fate after disposal. Different materials require different recycling processes, and their
environmental impact varies significantly (Juanga-Labayen, Labayen, and Yuan 2022b).

Understanding the differences in the material’s behavior is crucial for developing effective waste
management strategies and enhancing recycling practices in the textile industry. Therefore, their
potential recycling or decomposition capabilities should be considered when settling a path for
end-of-life planning of such products.

Natural fibers such as cotton, wool, and bamboo are generally more biodegradable than their
synthetic counterparts. When disposed of in landfills, natural fibers can decompose through
microbial activity; however, this process may lead to greenhouse gas emissions such as methane
and carbon dioxide, depending on environmental conditions (Weber, Lynes, and Young 2017).
For instance, cotton and other natural fibers may produce acid leachate that can contaminate soil
and groundwater (Weber et al. 2017). In contrast, synthetic fibers, including polyester, nylon, and
acrylic, are derived from petrochemical sources and are resistant to biodegradation. This
resistance means that synthetic textiles can persist in landfills for hundreds of years, contributing
to significant environmental pollution and soil degradation (Indrie et al. 2023). Their breakdown
is typically limited to physical degradation rather than biological processes, leading to
microplastic pollution (Tang 2023). However, they are more durable and can be recycled into new
products if processed correctly (Akram 2024).

Blended fabrics, which combine natural and synthetic fibers, present significant recycling
challenges. Separating the fibers is a complex process that requires advanced technology. As a
result, most blended fabrics are either incinerated or landfilled.

The recycling of textile waste is more advanced for some natural fibers than for synthetic
materials. While natural fibers can be composted or enzymatically processed for recycling,
synthetic fibers often require more complex and energy-intensive methods, such as chemical
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recycling that involves high temperatures and solvents (Damayanti et al. 2021; Tang 2023). For
example, the composting process for natural fibers promotes sustainable waste management
practices, allowing these materials to naturally decompose and return nutrients to the soil (Ashish
Karnad 2023). Meanwhile, recycling technologies for synthetic fibers are still developing,
entailing significant challenges related to the recovery of the fibers and maintaining their quality
during processing (Indrie et al. 2023).

Post-consumer textile waste is more challenging to recycle than pre-consumer waste due to its
mixed-material composition, which can include various fiber blends and synthetic additives that
hinder effective processing (Todor et al. 2022). The lack of efficient sorting technologies, and
their high cost, further complicates the recycling of mixed or contaminated textile waste, leading
to the conclusion that much of it ends up in landfills or incineration (Zandberga, Kalnins, and
Gusca 2023). Notably, the global recycling rate for textiles is less than 1% for worn clothes, with
a significant amount of waste being improperly managed due to complex material compositions
that challenge recycling efficacy (Abrishami et al. 2024).

Emerging policies focused on sustainability and circular economy principles aim to improve the
fates of textile waste from both natural and synthetic sources. Initiatives include extended
producer responsibility (EPR), and mandatory recycling targets intended to divert waste from
landfills and promote higher recycling rates (Ishchuck, Ivanishena, and Grekhova 2023).
Sustainable fashion practices emphasize the use of organic and recycled fibers, reflecting a
growing awareness of the necessity of reducing textile waste generated by consumer behavior
tied to fast fashion models (Ishchuck et al. 2023). As part of these principles, natural fibers can
be strategically managed to minimize their environmental footprints through composting and
other eco-friendly treatments, while advanced recycling methods for synthetic fibers could
mitigate their long-term persistence in waste (Tang 2023).

A holistic approach that incorporates sustainable practices, improved recycling technologies, and
proactive legislation is vital for effectively managing textile waste across different fiber types.

4. Textile Waste in Macaronesia
4.1. Context

Macaronesia consists of several archipelagos located in the North Atlantic Ocean, including the
Azores, Madeira, the Canary Islands, and Cape Verde. These islands represent a unique
biogeographical region characterized by their isolation and distinct biodiversity, with many
endemic species resulting from a complex colonization history and evolutionary dynamics (Duran
et al. 2020; Vieira et al. 2019). The geographical characteristics range from volcanic landscapes
in the Canary Islands to the arid structures of Cape Verde, underscoring the diverse ecosystems
present across the region (Calado et al. 2019; Duran et al. 2020).

Macaronesia is classified as an outermost region of the European Union, which comes with
distinct political and economic implications. Being under the jurisdiction of EU policies allows
for specific funding and developmental aids, leading to initiatives designed to reduce disparities
with mainland Europe. This political framework also facilitates collaboration on safeguarding its
unique environmental heritage while addressing local challenges stemming from isolation and
limited resources (OECD 2023). Additionally, the socio-political dynamics often involve
discussions on managing biodiversity, sustainable tourism, and environmental conservation
strategies critical for the region's economic viability. This specific framework considers the
particularities of this region, namely its strategic position, its high and unique biodiversity, but
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also its main limitations, such as the distance to the continent, the limited market size, the reduced
technological development, or the dependence on external resources.

The unusual aspect of Macaronesia lies in its highly contrasting ecosystems and unique
biodiversity, which includes a wealth of endemic species such as the Macaronesian dragon trees
and various forms of vegetation adapted to arid conditions (Duran et al. 2020; Martin-Hernanz et
al. 2023). The islands also serve as key locations for studying the evolution of species due to their
remoteness and distinct climatic conditions that enhance biodiversity (Martin-Hernanz et al. 2023;
Vieira et al. 2019). Along with flora, endemic fauna such as unique species of marine
invertebrates thrive in these waters, making Macaronesia a biodiversity hotspot facing
conservation challenges (Castro et al. 2022; Jiménez et al. 2017; Zamora-Marin et al. 2023)

Strategically, Macaronesia serves as a crucial maritime crossroads between Europe, Africa, and
the Americas. Its position enhances its potential as a hub for scientific research, particularly in
fields such as marine biology, ecology, and climate studies. This strategic significance is notable
for the development of emerging technologies and practices that can influence other outermost
regions (OECD 2023; Vieira et al. 2019). The islands are increasingly viewed as valuable sites
for testing and deploying innovative ecological management strategies that could be replicated
elsewhere.
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Figure 1. Map on the Macaronesia region (created on ChatGPT 4.0 — free version; adapted
from (Wikipedia 2025))

The insularity of the Macaronesian islands poses significant challenges, including limited
accessibility to resources, economic vulnerabilities, and increased dependence on tourism.
Isolation can hinder the dissemination of technological advancements and best practices in areas
like waste management and biodiversity conservation (OECD 2023). Moreover, the islands face
environmental threats such as climate change impacts leading to habitat degradation, invasive
species proliferation, and alterations in local ecosystems, which turn very fragile. Similarly, there
are undeniable limitations from the point of view of market scale, technological development and
access to resources. In the context of this work, dealing with waste treatment, the limitation of the
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amount of residues, paradoxically hinders the establishment of industrial establishment for their
valorization and the establishing a value chain around resources recovery.

The Macaronesian islands have considerable potential to become reference points for sustainable
practices in emerging technologies, particularly due to their unique ecological challenges and
isolation. Initiatives in biodiversity preservation, waste management, and climate adaptation are
already showing promise, with studies documenting innovative approaches to tackle
environmental pressures (Atchoi et al. 2021; OECD 2023). Furthermore, technological
collaborations aimed at developing eco-friendly practices can be effectively translated to other
isolated territories, enhancing overall sustainability. As such, Macaronesia stands to play a pivotal
role in advancing ecological research and management practices that can inform policies globally.

4.2. Textile Waste in Spain

Once established a general framework for the work, it is needed to take a step back and analyze
the state of the art of textile waste collection and treatment in the continent, before focusing on
the Macaronesian region. This is an important step to fully address and consider the unique
confluence of geographical, ecological, and socio-political characteristics that not only highlight
its individual challenges and opportunities but also position it as a vital area for the
implementation and dissemination of sustainable initiatives.

It is well-known that textile industry is responsible for 10% of the carbon dioxide emissions and
20% of polluted industrial waters (Moda-RE, Anthesis Lavola, and InTexter - Universitat
Poltécnica de Catalunya 2021; Morell-Delgado, Talens Peird, and Toboso-Chavero 2024). On the
other hand, it is interesting to highlight that from all textile products imported into the EU, only
a third was sold at its original price, while another third was sold at sales price, with the remaining
third not sold (Moda-RE et al. 2021). This same report estimates that in the last 50 years the world
production of textile fibers has been folded by 4, while the population has increased by 2. In
particular, between 1996 and 2012 the amount of clothes acquired in the EU increased by 40%;
in particular, this means that the annual consumption of textile products has increased from 7 to
13 kg/person, arriving to a total of 100 million tons of textile products yearly, with a forecast of
130 million tons for 2025 (Mishra et al. 2022). Most of these will be discarded as a waste within
a short period of time. A recent work analyses the textile waste recycling in Spain, categorizing
the processes in manual sorting, mechanical recycling, and chemical recycling, each with distinct
advantages and limitations (Lanz et al. 2024). Mechanical methods are mature but yield lower-
quality fibers, while chemical recycling, though capable of producing virgin-grade outputs,
remains costly and less developed. Automated sorting technologies show promise but require
greater implementation. The article also discusses European and Spanish policies promoting
circularity, including Spain’s upcoming mandate for separate textile collection and ambitious
reuse/recycling targets. The authors emphasize that achieving an effective circular economy for
textiles will require a combined approach involving improved sorting, technological investment,
and regulatory support. However, no mentions are done in this work to the particularities of
Canary Islands or other isolated regions in Europe, and therefore the limitations regarding size
and availability of technology.

Textile residues are produced mainly in two different ways, either by the textile producers (pre-
consumption) either by consumers (post-consumer wastes). Some examples of pre-consumption
residues are scraps from cutting or short fibers that cannot be processed into the yarns (Serra et
al. 2019); items that have never been sold are also considered as pre-consumption residues. Post-
consumer residues are those products that have been used and are discarded either because they
are age-worn or because the consumer is no longer using them.
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Spain generates approximately 900,000 tons of textile waste annually (Statista 2025). However,
only about 12% of this waste is separately collected for recycling or reuse (Figure 2). The majority
of textile waste in Spain is landfilled or incinerated.

100.000

80.000

60.000

40.000

Waste (thousand metric tons)

20.000

Figure 2. Annual textile waste managed in Spain from 2010 to 2021 (in metric tons) (Statista
2025)

The Spanish Ministry for Ecological Transition (MITECO) has identified textile waste as a
priority area and has set targets to increase recycling rates. The country has also introduced
extended producer responsibility (EPR) schemes for textile products (ETC/WMGE and ETC/CE
2022), in order to improve the management of waste. In this sense, in 2025, a pilot program called
RE-VISTE will be launched in collaboration with major retailers such as Inditex, H&M, El Corte
Inglés, Mango, Ikea, etc. The program aims to facilitate the collection and recycling of discarded
clothing (Akram 2024; Pons 2024; RE-VISTE 2025).

According to the report issued by Moda-re (assessment of clothes collection in Spain): “only the
15 % of post-consumer textile wastes were collected separately for their recycling in 2015, while
less than 1% of the total production (0.5 million tons) were recycled in a closed system” (Moda-
RE et al. 2021). In 2019 there were only 21,822 systems to collect textile residues, including
dropsites and specific containers, according to this same report. Therefore, there is insufficient
infrastructure to achieve the challenges settled.

Only 15% of post-consumer residues collected in Spain in 2015 were recycled (Moda-RE et al.
2021), while some studies consider that most textile products are fully recyclable (Hawley 2008).
Most of these products were recycled in applications with a lower value (downcycling), being
transformed into isolating material for building applications, wipers or filling for mattresses. In
addition, about 1.1 million tons of material was lost during the collection and processing (Moda-
RE etal. 2021). It is important to highlight that the recycling of textile products is relatively recent
and the technologies to carry it out are still economically not accessible. In fact, the first records
on Scopus about textile residues start from 1972, in a review paper where urban residues include
the textile ones, estimating a share of 2.7% (Kupchik 1972). The fact that for both industrially
and from a scientific point of view the recycling of textiles is relatively recent does not mean that
individuals has not carried out the reuse or recycling of such products; it is thought that the
technique known as Patchwork, consisting in joining several pieces of discarded fabric to make
a new product, was already being in use in ancient Egypt or China, that is, about 3,000 years b.C.,
with the first registers appearing in Europe in the 12% century (Eskridge 2017).
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Some works state that an increase of 12% in the reuse of clothes in good conditions and a 15% in
the recycling can reduce the impact of textile products by 8 % in the EU, assuming the recycled
material substitutes virgin one (Morell-Delgado et al. 2024). On the other hand, the approach to
Zero waste strategies generates more job opportunities than incineration or landfilling (Patel,
Sahu, and Rajak 2022). In any case, the approach providing more benefits would be undoubtedly
the reduction in the quantity of textile products sold; their design for durability and an adequate
planning of the product’s lifecycle can reduce up to 80 % of its overall impact (Hur and Cassidy
2019). In this line the movement Slow Fashion arises (Nerurkar 2016), which main philosophy is
to produce high-quality durable clothes, aiming at getting special long-lasting items; that way, the
user would need less clothes and would thus produce lower residues.

The information collected shows that, as said, textile wastes collected in Spain are about 80,000
tons/year, with a clear deficit of specific systems for collection of these items. Table 1 shows the
amount of textile products collected in each Spanish region in 2019, with big differences due not
only to the population or economic model but also to the availability of specific management and
collection systems.

Table 1. Textile wastes collected in 2019 in Spain (in tons) by region (Moda-RE et al. 2021)

To achieve the intended objectives by 2030 many regions plan to increase the number of
municipal containers; for instance, Vigo has increased its number of bins from 50 to 300, and
Malaga plans to increase theirs from 2 to 233 (Medina 2023).

Once the textile products have been collected, apart from the problems related to obtain a separate
collection, there is a further problem: the huge variety of materials and the difficulties in
distinguishing them. Besides, recycling procedures need to remove non-textile materials, such as
zippers, buttons or bags. Generally, these processes are done manually, with the subsequent high
costs (Moda-RE et al. 2021). Some initiatives to solve these problems have been investigated,
such as the use of smart labels, sensors, Big Data, IoT, etc. The costs of these systems are still not
in use due to the high costs and the lack of appropriate systems for sorting.

Some further sorting would be by condition (suitable to be reused or not), materials, or colors.
Some technological systems used in materials sorting are near infrared (NIR), hyperspectral
images, or artificial intelligence, among others (Tang 2023). The most common method among
them is the use of NIR, although for hybrid materials, made of a blend of materials (especially
with low percentages of one material), or layered products, this technology is not useful (Moda-
RE et al. 2021). A different method quite extended is the use of radiofrequency identification
(RFID); it consists of the incorporation of a microchip containing useful data, such as
composition. This is currently done in the labels, although they are mostly cut or degraded at the
end of their lifetime. The advantage of RFID is that they are not visible, being placed generally
on the seams or hidden places, thus being kept throughout the entire lifetime of the textile product.

For example, in Ribarroja (Valencia) there is plant to manage 6,000 tons of textile items yearly,
mainly coming from over 700 collection points established by Caritas. Items are classified firstly
according to their reuse possibilities, being 10% of the collected items resold in Spain. Another
10% is transformed into short fibers to make new yarns, while most of the collected material
(70%) is sent to different countries (Medina 2023).

On the other hand, the recycling process needs to consider the colors of the items fed; Uchimaru
and collaborators proposed that the items introduced in a same batch for recycling should not be
separated more than 85° in the Munsell scale (Uchimaru, Kimura, and Sato 2013).
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The methods for recycling textiles can be classified into mechanical, chemical, and biochemical
processes (Baloyi et al. 2024; Damayanti et al. 2021). As mentioned before, mechanical recycling
typically involves shredding textiles into smaller pieces, while chemical recycling focuses on
breaking down fibers into their fundamental chemical structures to produce new raw materials.
For instance, chemical processes such as pyrolysis and enzymatic hydrolysis are gaining attention
due to their ability to handle complex blended fabrics that are common in textile products
nowadays (Choudhury, Tsianou, and Alexandridis 2024; Ndagano et al. 2025). Biochemical
recycling, which utilizes microorganisms and enzymes, offers a promising direction for
sustainable practices by potentially reducing reliance on harsh chemicals (Piribauer, Bartl, and
Ipsmiller 2021; Tang 2023). Advances in sorting technologies have enhanced the efficiency of
these recycling processes, crucial for separating the diverse materials often found in textile waste.

On the other hand, consumer perceptions of recycled textiles significantly influence recycling
efforts. As stated by Wagner and Heinzel, public awareness regarding the sustainability of
products has propelled brands to align with recycling practices, thus promoting a shift toward
circular fashion (Wagner and Heinzel 2020). The role of consumers, as highlighted in recent
discussions, is pivotal in implementing these sustainable practices and earning them recognition
as key stakeholders in the recycling process (Riemens et al. 2021).

Despite the advancements and available technologies in textile recycling, several challenges
persist. The complexity of textile compositions, which includes various blends of fibers, presents
technical obstacles for recycling facilities (Ndagano et al. 2025; Wojnowska-Baryta et al. 2024).
Moreover, legislative frameworks, such as the European Union's directives mandating the
separation of textiles by 2025, seek to enhance recycling rates but also pose implementation
challenges for stakeholders within the recycling ecosystem (European Commission 2022;
European Environment Agency 2024; Piribauer et al. 2021; Zandberga et al. 2023). The joint
effort of industry leaders, policymakers, and consumers is essential for overcoming these barriers
and optimizing textile recycling processes, ultimately contributing to the sustainability of the
textile industry.

While diverse and evolving technologies offer potential pathways for recycling, ongoing
challenges related to material complexity and legislative compliance must be addressed
collaboratively by all stakeholders to achieve meaningful progress toward a circular economy
model in the textile industry.

4.3. Current Situation in the Canary Islands

The Macaronesian region has similar challenges in managing textile waste. The insular nature of
these territories makes transportation and processing of waste difficult, and the market is medium
or low size, which poses another particular challenge due to the potential lack of enough material
for the appropriate management or a market suitable to absorb such recycled items.

It is well accepted that the Canary Islands face unique challenges due to their insular and
fragmented territory. The limited land area restricts the establishment of large-scale recycling
facilities, while the costs associated with transporting textile waste to continental Europe for
processing are significantly higher. For example, transporting textile waste from the Canary
Islands to mainland Spain can increase costs by 30-50% compared to local processing due to
logistical expenses and emissions from maritime transport (Das et al. 2025; Juanga-Labayen,
Labayen, and Yuan 2022c). Additionally, transporting one ton of textile waste by ship can
produce approximately 150 kg of CO, emissions, contributing to an increased carbon footprint of
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waste management (Valtere et al. 2023b). The lack of space for landfills and the reliance on
imports also make it critical for these regions to develop local solutions, such as small-scale
recycling plants and circular economy initiatives. Furthermore, the islands' reliance on imported
goods makes the waste management still more complex, as textile products are not designed with
local recycling capabilities or market demands in mind. Therefore, the need of innovative,
localized solutions tailored to the specific needs of those isolated small territories, such as
developing small-scale recycling plants or incentivizing sustainable fashion practices to reduce
waste generation on the islands, is patent. Waste management infrastructure is limited, and textile
waste is often sent to landfills, which are more and more saturated. However, the regional
government has implemented measures to improve waste separation and recycling, such as plants
for sorting and treating electric and electronic residues (MangoPress 2024); textile wastes are not
included though for the moment in such initiatives.

In 2019, the Canary Islands collected approximately 1.3 million tons of waste, with textile waste
accounting for a significant portion (about 10%, as shown in Table 1). The majority of this waste
is unsorted, highlighting the need for improved collection systems.

In the Canary Islands there are mainly two companies collecting textile wastes: Canarias
Recycling S.L. and Martinez Cano, although other associations or companies also participate:
Ataretaco, Urbaser and Mancomunidad del Nordeste de Tenerife (Moda-RE et al. 2021). As found
in Table 1, the ratio of collected/produced wastes in Canary Islands is 2.5% under the average for
the country (9.68 vs. 12.16%). This could be related to the lack of updated data in this region and
possibly to a deficient implementation and management of those wastes.

4.4, Current Situation in Madeira and Acores

According to the annual report of urban residues in the autonomous region of Madeira in 2021,
there is no separate collection of textiles residues in this area, but an analysis of urban residues
led to an 8.5% of residues related to sanitary textile products, while 4.4% were included within
the textile category (Secretaria Regional de Ambiente and Climaticas 2022). Considering that the
total amount of residues collected in the period of this report exceeded 115,000 t, these data
emphasizes the need to perform an adequate valorization of these materials and plan a separated
collection system to ease their later processing. Unfortunately, no more data has been found to
date.

However, the new national plan for wastes management includes as an objective for 2030 the
obligatoriness of a selective recovery of textile products, among other types of residues, which is
also reflected in the wastes strategy settled for Madeira (Aguas e Residuos da Madeira 2023).

In Agores, the Direcdo Regional/Municipios have installed textile collection bins (“contentores
de roupa usada”) across all nine islands—at least one per municipality, often more in larger urban
areas such as Terceira-. There are 7 containers in total, being the most of content of these bins
directed to reuse, donation, or recycling, reducing landfill or incineration (Governo dos Agores
2025). Estimations indicate that about 4% of urban wastes correspond to textile products, as
averaged for the rest of the country, with about 200,000 t/year disposed in the entire country
(AJITER 2025).

5. Global Pilot Strategies for Textile Waste Valorization

Several pilot strategies have been implemented worldwide to improve textile waste management:
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The Swedish Chemical Recycling Project (Luled University of Technology 2025): Aims
to develop chemical recycling methods to recover fibers from mixed textile waste. The
project utilizes advanced chemical processes to break down both natural and synthetic
fibers into their fundamental components, which can then be reused to create new textiles.
The pilot has shown promising results in reducing textile waste and recovering high-
quality fibers suitable for the production of new garments. It also addresses challenges
such as separating blended fabrics and removing contaminants, making the recycling
process more efficient and scalable.

The Fibersort Project (Netherlands) (Fibersort 2025): Uses automated sorting technology
to separate textile waste by fiber type, enabling more efficient recycling. The project
employs near-infrared (NIR) technology to distinguish between different fiber types,
allowing for precise sorting and better downstream recycling outcomes. This method has
proven effective in separating natural and synthetic fibers, as well as blended fabrics,
making it easier to process them into new textile products.

The Worn Again Technologies (UK): Focuses on chemical recycling to convert textiles
into new fibers and polymers. The technology focuses on the recycling of blended fabrics,
particularly on the separation of polyester and cotton fibers from discarded textiles. The
recovered materials are then processed into new raw materials for the fashion and textile
industries. The company has partnered with major brands like H&M and Kering to scale
up its operations and promote closed-loop recycling systems. The H&M Conscious
Collection (Akram 2024) is a global initiative to collect and recycle used clothing in
H&M stores.

RE-VISTE: The Association for the Management of Textile and Footwear Waste has
been presented in October in Spain and will operate under the SCRAP system (Collective
System of Extended Producer Responsibility). The pilot test is expected to begin in April
2025, with the collaboration of the Spanish Federation of Municipalities and Provinces.
Around 300,000 citizens from six urban, rural and semi-urban municipalities in different
regions of Spain will participate in the pilot project (MangoPress 2024).

According to RE-VISTE association (RE-VISTE 2025), the idea on this proposal is to
analyze different options for textile collection and adapt them to different municipal
contexts; the collection routes will include the installation of specific containers on public
roads and at municipal clean points. Moreover, collection points will be set up in private
spaces such as shopping centers, shops or schools, thus making them available in different
environments to boost the participation of citizens. After their collection, the discarded
textile products will be transported to sorting plants, where they will be evaluated
according to the waste hierarchy principle. Items that are in good condition will be
destined for sale in second-hand shops, while those not suitable for reuse will be sorted
according to their composition for their later recycling, with the aim of transforming them
into new textiles.

The pilot project will last at least one year. At the end of the project, the aim is to produce
a guide of recommendations that will include the good practices identified, in order to
provide local authorities with tools and guidelines that will enable them to successfully
implement selective textile collection in their territories.

Challenges to Increasing Circularity and Sustainability in the Textile Industry
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The textile industry faces several challenges in transitioning to a more circular and sustainable
model:

1. Complexity of Recycling Processes: The diversity of textile materials and the prevalence
of blended fabrics make recycling challenging. Mechanical recycling processes often
degrade the quality of fibers, while chemical recycling is expensive and energy-intensive.

2. Consumer Behavior: Fast fashion culture promotes the rapid disposal of clothing.
Changing the consumer behavior to encourage longer use of textile products and
responsible disposal is critical for improving sustainability in this sector.

3. Lack of Infrastructure: Many regions lack the necessary infrastructure for collecting,
sorting, and recycling textile waste. This is especially true in isolated regions such as the
Canary Islands, or the Macaronesian region in general, where waste management is
further complicated by transportation challenges. Furthermore, the region's reliance on
imported textiles with no end-of-life planning reinforces a linear economy.

4. Economic Viability: The cost of recycling textiles often exceeds the value of the recycled
materials. Developing economically viable recycling methods is essential for increasing
circularity. The lack of consistent data on the amount of textile wastes generated and their
actual fate is a first issue to solve to design a cost-effective approach for the reuse and
recycle of textile items.

5. Legislation and Incentives: While EU legislation is pushing for more sustainable
practices, there is a need for stronger incentives to promote recycling and reuse within
the industry.

7. Current commercial applications of products derived from circular textile waste

In addition to the various pilot strategies mentioned earlier, numerous companies are already
working on commercial solutions for textile waste, currently offering real solutions and
developing both semi-finished and final products for various economic sectors.

7.1. Recovered fibers for general applications

Currently, mechanical and chemical recycling processes are the most widely used technologies
for producing semi-processed products. Mechanical recycling typically involves shredding used
fabrics to obtain reusable fibers. Companies such as Texlimca, Acorcertex o Recover Textile
Systems, in Spain, employ this method to produce and commercialize industrial rags, stuffing
materials o new recycled fibers (Alcocertex n.d.; Recover Textile Systems 2025; Texlimca 2025).
Although these methods are low cost and mature technology, the fiber quality deteriorates with
each cycle, limiting its use to low-grade products such as insulation or padding.

Moreover, chemical recycling breaks down fibers at the molecular level to regenerate virgin-
quality materials. For instance, Eastman and the Inditex-BASF partnership have developed
technologies to recycle complex blends like cotton-polyester or nylon-elastane (Inditex 2025).
While this method enables the recycling of textiles unsuitable for mechanical processing, it is
energy-intensive, requires prior material separation, and remains in the industrial scaling phase.
Gr3n, headquartered in Switzerland and Italy, has pioneered a chemical recycling technology that
enables the depolymerization of polyester-based textiles into their original monomeric
components. This process facilitates the production of high-quality raw materials suitable for
reintroduction into the textile manufacturing cycle (GR3N 2025). In parallel, Worn Again
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Technologies, as mentioned previously, has developed a proprietary chemical separation process
capable of isolating and purifying polyester and cellulose from blended textile waste (Worn Again
Technologies 2025). The resulting recycled outputs meet the quality standards required for reuse
in new textile products. Both companies actively commercialize these chemically recovered
materials, addressing waste streams that are not amenable to mechanical recycling.

Taking another approach, Renewcell’s Circulose converts cotton waste into a cellulosic pulp
suitable for viscose or lyocell production (Renewcell 2025). Similarly, Infinited Fiber Company
has developed a technology that transforms cotton-rich waste into a cotton-like fiber using a
cellulose carbamate process. These methods offer high-quality outputs and reduce reliance on
virgin cotton. However, they require feedstock with high cellulosic content and involve complex
industrial processes (Infinited Fiber Company 2025).

7.2. Construction and building applications

Textile waste fibers are being converted into composite materials for use in building, insulation,
reinforcement, and geotechnical engineering, offering alternatives to traditional, resource-
intensive materials and reducing landfill burden. One of the most prominent is Greenful, based in
the Netherlands and Estonia. The company manufactures structural and insulating panels (SIP
Panels) from recycled textile and plastic waste. Through compaction and thermal treatment, they
produce materials with high mechanical strength, fire resistance, and thermal insulation
properties, suitable for modular construction, cladding, and urban furniture. Their focus is on
delivering scalable, sustainable solutions for both new builds and renovation projects (Greenful
2025). Métisse is a brand of thermal and acoustic insulation developed by the French Cooperative
Le Relais, made exclusively from recycled cotton sourced from post-consumer clothing. Their
product range includes insulation panels and rolls used in walls, ceilings, and floors, both in new
construction and renovation. The production process involves collecting, sorting, disinfecting,
and fireproofing the textiles, resulting in a material with high insulating capacity, low
environmental impact, and excellent hydrothermal performance (LE RELAIS Métisse n.d.). In
France, FabBRICK has developed a semi-industrial process to transform used clothing into
decorative construction bricks. The textiles are shredded and mixed with an eco-friendly binder,
then pressed into molds. These bricks are primarily used indoors for acoustic insulation, furniture,
and wall coverings, combining functionality with sustainable design (Fabbrick 2025).

Also internationally, Recyc Leather, initially focused on recycled leather, has begun collaborating
with architects and designers to integrate its materials into decorative panels and interior cladding
(RECYC LEATHER 2025). They use post-consumer textile and leather fibers, bonded through
low-emission processes to create durable and aesthetically appealing surfaces.

7.3. Advanced composites

Blended textile waste (including post-consumer and PPE waste) is used to create composites with
strong mechanical properties, suitable for domestic products, automotive parts, and even ballistic
applications, often outperforming wood and wood-plastic composites in cost and sustainability.
Loop Industries has developed a proprietary chemical depolymerization technology that breaks
down waste polyester textiles and PET plastics into their base monomers. These are then
repolymerized into Loop™ PET resin, a high-purity polymer used in packaging and textiles.
While their primary market is packaging, the resulting polymer is suitable for composite
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applications due to its structural integrity and recyclability (Loop Industries 2025). In Taipei,
Miniwiz is a pioneer in upcycling textile and plastic waste into high-performance composite
materials. They use thermoforming and injection molding to create a wide range of products,
including modular wall panels, furniture, architectural elements, and consumer goods. Their
materials often combine shredded textile fibers with recycled polymers to form durable, moldable
composites that are both functional and aesthetically appealing (Miniwiz 2025).

7.4. Geotextiles and landscaping fabrics

Low-grade textile waste is also commonly processed into nonwoven fabrics used for soil
stabilization, erosion control, drainage systems, and road construction. These materials are valued
for their durability and permeability. Altex Textil Recycling specializes in transforming textile
waste into high-performance recycled fibers, including those used in geotextile applications.
Their sustainable production process supports infrastructure projects by providing durable, eco-
friendly materials for soil stabilization, drainage, and erosion control (ALTEX Textil-Recycling
2025). Similarly, Fibras Renag, a Mexican company specializing in textile waste recycling,
transform post-industrial and post-consumer textiles into high-quality materials suitable for soil
stabilization, filtration, and erosion control with ISO 9001:2015 certification (FIBRAS RENAG
2025).

8. Outlook

This work underscores the urgent need to tailor textile waste management strategies to the
geographic, infrastructural, and economic realities of the Macaronesian region. While Europe
(Spain and Portugal) are advancing in circular textile policy, the application of these frameworks
in isolated territories remains inadequate. Novel contributions arising from this study include the
identification of high-impact local interventions and a five-pillar policy framework that has to be
specifically designed to overcome the structural and logistical barriers in the Macaronesian
region.

By emphasizing regional specificity, promoting modular technologies, and integrating data-
driven policy approaches, Macaronesia can become a case study in insular circular economy
transformation. Closing the policy-practice gap in these regions is not only crucial for
environmental sustainability but also for social and economic resilience.

Some insights for this policy framework proposal are:

- Localized Micro-Hubs: Establish modular recycling facilities capable of sorting and
processing small volumes.

- Digital Traceability Systems: use of smart labeling on garments to facilitate sorting and
material recovery.

- Targeted Fiscal Incentives: Subsidies for local reuse cooperatives, and tax relief for importers
who comply with recyclability standards.

- Waste-to-Work Programs: Training and employing residents in sorting and remanufacturing
to strengthen local green economies.

- Data and Reporting Mandate: Require textile waste reporting at the municipal level to feed
into a Macaronesia-wide data platform.
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This framework has some limitations and drawbacks, such as the high initial investment costs and
technological adaptation barriers. Setting up modular hubs and smart technologies involves
significant upfront investment, which may strain local budgets without national or EU-level
funding, while the implementation of smart labeling and traceability systems would require a
coordinated industry-public participation and consumer compliance, which might be difficult to
enforce in early stages. Besides, there is a lack of technology adapted to the relatively low volume
of waste streams to deal with, which means that technological development and innovation are
also required.

Regarding fiscal incentives, it should be mentioned that Spain's Law 7/2022, from April 8
(Government of Spain 2022), on waste and contaminated soils for a circular economy, mandates
that local entities must establish separate collection of textile waste (by the end of 2024) to
facilitate preparation for reuse and high-quality recycling. Furthermore, for the collection,
transport, and treatment of textile waste, public administration contracts will be preferentially
tendered and awarded through reserved contracts, with at least 50% of the award amount allocated
for Insertion Companies and Special Employment Centers of social initiative authorized for waste
treatment. While this legal framework aims to boost social inclusion and improve waste
management, its implications for regions such as Macaronesia are complex. This mandate can
limit the participation of traditional companies in the sector, thereby reducing the already scarce
economies of scale available in these island territories. To mitigate this, a more flexible regulatory
framework should be considered to foster synergy and collaboration between social insertion
companies and traditional textile waste management businesses.

Furthermore, given the variability of the second-hand clothing market, the inherent limitations
for economically sustainable small-scale recycling solutions with local demand, and the difficulty
in competing with non-recycled products, the authors conclude that it is imperative to establish a
supportive regulatory framework that actively benefits circular-economy activities within the
textile sector in outermost regions. Such a framework is essential to overcome market
inefficiencies and ensure the long-term viability of sustainable textile waste management in
regions facing similar structural and logistical challenges.

To address these challenges, it is crucial to understand the intricate operational complexities of
textile waste management in the Macaronesian region. The following flowchart (Figure 3)
illustrates the journey of textiles from collection to their destination, highlighting the limitations
of the process steps that must be considered to improve the textile waste management in outermost
regions.
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Figure 3. Representative flow chart of the textile waste life cycle applying the waste hierarchy,
and main constraints of the different stages for the outermost regions

In addition to promoting the reduction of clothing consumption, based on the life cycle of textile
waste and taking into account the limitations for reuse and recycling into new yarns, it seems that
the key to promoting a circular economy lies in the search for applications of textile waste in
products in demand in the regions (downcycling) and with simple, economical production
processes adapted to the technological and productive level of each region.

Despite all these difficulties, there is also a significant opportunity to serve as a success pilot
processing, which could be the basis for a scalable model for other insular or peripheral regions
facing similar constraints. The synergies of this approach with the EU goals would foster the
stimulation of innovation and entrepreneurship, also contributing to social initiatives focused on
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fashion reuse and recycling for a proper consecution of SDGs and the triple bottom line of
sustainability: people, planet and profit.

9. Conclusions

Textile waste management in Europe, and more particularly in the Macaronesian region, presents
significant challenges and opportunities. While legislative measures and pilot programs both at
EU and national levels are steps in the right direction, achieving higher recycling and reuse rates
will require continued efforts in infrastructure development, public awareness, and policy
enforcement.

Of particular relevance is the lack of data in the European territories but more particularly in the
Macaronesia, that is, in Canary Islands, Madeira and Agores. The implementation of adequate
strategies for the collection and management of such wastes is imperative to reach the objectives
settled for this type of products and to effectively advance into a more sustainable textile industry,
tailored to the specificities of this outermost regions, generally at lower technological
development than the mainland territory.

Raising the awareness of consumers about fast fashion and its environmental impact, while, at the
same time, enhancing the visibility and availability of high-quality second-hand clothes, changing
the mentality of consumers and the prejudices around it, have been proven absolutely vital to
improve the environmental footprint of the sector. Only by reducing and reusing textile products
would be an effective way to advance towards a more sustainable industry, while developing at
the same time cost-effective strategies for sorting and recycling these products at their end of life.

10. Data statement

Data sharing not applicable to this article as no datasets were generated or analyzed during the
current study.
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999 Table 1. Textile wastes collected in 2019 in Spain (in tons) by region (Moda-RE et al. 2021)

Textile
. Separ.ated Tot.a ! Collected/produced collection
Region textile textile .
collection (t)  wastes (t) textile wastes rate
(kg/hab/year)
Andalucia 15,886 159,871 9.94% 1.89
Aragon 2,971 25,067 11.85% 2.25
Principado de 2,881 19,433 14.82% 2.82
Asturias
Illes Balears 3,148 21,840 14.41% 2.74
Canarias 3,961 40,914 9.68% 1.84
Cantabria 1,289 11,040 11.67% 2.22
Castilla y Leén 5,600 45,591 12.28% 2.33
Castilla - La 3,515 38.624 9.10% 1.73
Mancha
Catalunya 20,288 145,829 13.91% 2.64
Comunitat 15,243 95,072 16.03% 305
Valenciana
Euskadi 10,457 41,948 24.93% 4.74
Extremadura 566 20,286 2.79% 0.53
Galicia 5,259 51,290 10.25% 1.95
Comunidad de 1.74
Madrid 11,569 126,604 9.14%
Region de Murcia 2,759 28,384 9.72% 1.85
Comunidad Foral 2,049 12,430 16.48% 3.13
de Navarra
La Rioja 855 6,019 14.20% 2.70
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Figure 1. Map on the Macaronesia region (created on ChatGPT 4.0 — free version, adapted
from (Wikipedia 2025))

Figure 2. Annual textile waste managed in Spain from 2010 to 2021 (in metric tons) (Statista
2025)

Figure 3. Representative flow chart of the textile waste life cycle applying the waste hierarchy,
and main constraints of the different stages for the outermost regions
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