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Abstract. The concept of a circular economy is built in opposition to the
traditional linear model where raw materials are used, things are created
from them, they are consumed and the leftovers are thrown away. This
model relies on large quantities of cheap and accessible materials and
energy sources. The textile sector is part of the economies meeting the
requirements of the circular economy. What is the real place and
importance of waste from textile production and their role for the circular
economy, determine the relevance and arouse the interest of the authors in
the research. The objective of this paper is to provide a comprehensive
overview of the existing situation and to study the textile waste in the
context of the circular economy. For the goal fulfillment we use the
descriptive-analytical method - theoretical aspects of the studied scientific
field are investigated on the basis of current literature research. The
information collected is summarized and analyzed; systematic approach;
analytical approach; study of the works of authors in the field; comparative
analysis; method of observation; determination of relative shares. Current
scientific research and economic aspects about textile waste in the context
of the circular economy have been explored. The various author collectives
work in the field of textile waste, its management and its connection with
the circular economy. Research in the field of textiles shows the great
importance and fundamental role of textile waste for the realization of the
circular economy concept.

1 Introduction

The European Union generates more than 2.5 billion tons of waste annually. It is currently
updating its legislation to encourage a shift to a more sustainable model known as the
circular economy. EU countries have to increase quality recycling, reduce waste
incineration and landfill disposal and limit hazardous chemicals in waste.

The circular economy is a model aimed at extending the life cycle of products. In practice,
this means sharing, borrowing, reusing, repairing and recycling existing materials and
products as long as possible. When a product reaches the end of its life, the materials from
which it is composed continue to be used in another way. This is done over and over again
to minimize waste disposal [1].
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In February 2021, Parliament approved its position on the new circular economy plan,
calling for further measures to achieve environmental sustainability and carbon neutrality
by 2050. Recommendations include tightening recycling requirements and binding targets
for material use and reducing the impact of consumption on the environment by 2030. The
European Commission presented a first package of measures to accelerate the transition to a
circular economy in March 2022. It includes proposals for product sustainability, updating
rules and a strategy for textile products

Textiles are at the heart of our daily lives — in clothing and furniture, medical and
protective equipment, buildings and vehicles. However, urgent action is needed as their
environmental impact continues to grow. Textile consumption in the EU ranks fourth in
environmental and climate change impact after food, housing and mobility. It is also the
third highest water and land consuming area and fifth in terms of primary raw material use
and greenhouse gas emissions [2].

Every year, Europeans use almost 26 kg and throw away about 11 kg of textiles. Used
clothes can be exported outside the EU, but in most cases (87%) they are incinerated or
landfilled. Globally, less than 1% of clothing is recycled as clothing, partly due to
inappropriate technologies [3].

The EU strategy for sustainable textile products, presented by the European
Commission in 2020, sets the task that by 2030, textile products on the European market
should be long-lasting, recyclable, made as much as possible from recycled materials
fabrics and do not contain hazardous substances [4].

The objective of this paper is to provide a comprehensive overview of the existing
situation and to study the textile waste in the context of the circular economy. For the goal
fulfillment we use the descriptive-analytical method - theoretical aspects of the studied
scientific field are investigated on the basis of current literature research. The information
collected is summarized and analyzed; systematic approach; analytical approach; study of
the works of authors in the field; comparative analysis; method of observation;
determination of relative shares.

2 Results and discussion

2.1 Trends and perspectives in the circular economy

The circular economy is a growing topic, especially in the European Union, which
promotes the responsible and circular use of resources that can contribute to sustainable
development. It is a general concept, including different meanings, it becomes defined
action plans supported by specific indicators [5].

The circular economy is a multifaceted concept of closing material chains to improved
environmental performance that has gained prominence in recent years in government and
business policies, as well as in academia. The results of research in this area show that if
circular products are perceived as substitutes for conventional products, well-targeted
policies can significantly reduce the use of materials [6,7].

A central theme of the circular concept is the valuation of materials within a closed
system in order to enable the use of natural resources while reducing pollution or avoiding
resource limitations and sustaining economic growth [8]. Moreover, the circular economy is
emerging as a way to achieve sustainability.

According to the Circular Gaps Report, globally over 90% of resources used do not go
back into production and only 8.6% of the world economy is circular. However, three major
trends are emerging to promote the circular economy: changing consumer expectations,
disruptions in the global supply chain and growing environmental concerns.
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Consumer expectations. Sustainability becomes a key factor in consumer decision
making. In this context, a more informed consumer choice, the possibility of detailed
information about the whole life cycle of the product, is important.

Supply chain disruptions. The standard supply chain operation should take into
account factors related to its optimization through a circular supply chain - disruptions
caused by the Covid-19 pandemic (changes in demand for products, insufficient logistics
staff, disrupted distribution channels for goods.

Concern for the environment. If we continue to use resources the way we have been
used to, by 2050 we will need the resources of three planets like Earth. Resource scarcity
and climate change demand a shift from a use-and-throw society to a carbon-neutral,
environmentally sustainable, pollutant-free economy. The coronavirus crisis has
highlighted the fragility of supply chains and affected small businesses and industry.
Developing a circular economy where resources and products are reused and recycled will
reduce carbon emissions, stimulate economic growth and create jobs.

In a report adopted in February 2021, Parliament called for the introduction of binding
targets for material use and consumption by 2030. In March 2022, the European
Commission proposed a first package of measures to accelerate the transition to a circular
economy. It is in agreement with the goal of achieving zero carbon emissions by 2050 and
includes standards for product sustainability, including updating strategy for textile
products.

The European Commission has identified seven key sectors for building the circular
economy. They require changes at different stages of the chain - from design through
production to their use by end users [4,9]. Key sectors for building circular economy are
plastics; textile; electronics and IT; food, water and nutrients; packaging; batteries and
vehicles; construction and buildings.

The ambitions of the new circular economy are aimed at reinventing and redirecting the
linear economy towards more sustainable approaches. This, according to authors, can be
focused on four main parts of the clothing system wheel as follows; (1) materials, (2)
production, (3) use and (4) after use. In all sections, massive innovation is paramount given
the fact that the textile industry is an old industry whose processes can hardly be changed,
which can take the form of; (1) phasing out substances of concern and release of
microparticles, (2) increasing utilisation of clothing, (3) improving recycling, and (4)
efficient use of resources and switching to renewable raw materials [10].

2.2 Characteristics of textile waste

The main factors driving the increase in the production of textile goods in the current
economic environment are the growing world population and the associated diversity of
consumer preferences. As a result, there is an unlimited use of production textile materials
and an increased amount of textile waste [11].

Although textiles are fundamentally used to protect the body from cold, heat, and light,
and to preserve modesty, they have become a reflection of personality, wealth, or interest in
fashion. From the sourcing of raw materials to textile production, garment manufacturing,
and distribution to retail stores, the textile industries generate huge amounts of waste, which
occupy a large place in the municipal solid waste category [12].

Essential for textile waste generation is the idea, created by the fashion industry, that
people need new products each season. Large amounts of production and postconsumer
fiber waste have been amassed with the growth of the world’s population and rising living
standards [12].

According to directive “waste” means any substance or object which the holder discards
or intends or is required to discard [13].
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Textile wastes from the production of all types of textiles and waste textiles from
consumption of clothing and technical textiles accompany the fast-growing markets for
textiles. Although markets of second-hand clothing have been around for some time, about
80% of old textiles are lost in landfills and incineration, leading to environmental problems
[14].

Textile waste is the textile by-product of the manufacturing of garments, fabrics, yarns
or fibres that are deemed unusable for its original purpose by the owner. Textile waste can
include fashion and textile industry waste, created during fibre, textile and clothing
production, and consumer waste, created during consumer use and disposal [15].

Textile waste is the waste from the textile manufacturing process, used fibres, textiles
and clothing, divided into 3 main groups: pre-consumer waste, post-consumer waste and
industrial textile waste. The first group (,clean waste®) includes the by-products and
fibrous materials from the production process. The second group of textile waste includes
so-called household textile waste resulting from end-user use - discarded worn-out, clothing
or household textiles with defects (sheets, towels and pillowcases) with no value to
consumers beyond their useful life. Industrial textile waste (,,dirty waste™) result from
commercial and industrial activities in the textile sector. An additional factor in the
increased generation of textile waste is the consumer’s fast fashion trend [16].

In 2020, synthetic fibers accounted for approximately 62 percent of the global textile
fiber output volume. Polyester alone had a market share of 52 percent, while polyamide and
other synthetics accounted for five and 5.2 percent [17].

Most clothing around the world is made with polyester, the synthetic fiber derived
predominantly from petroleum. It has overtaken cotton as the main textile fiber of the 21st
century, ending hundreds of years of cotton’s dominance. The global market for polyester
yarn is expected to grow from $106 billion in 2022 to $174.7 billion by 2032. Yearly
polyester fiber production is projected to exceed 92 million tons in the next 10 years—an
increase of 47%.

The polyester is hardy and versatile, used to create everything from athletic clothes to
faux fur jackets to silky dresses. It’s been marketed as more sustainable than some natural
fibers because the production process doesn’t require as much water or land as growing
natural fibers like cotton [18].

Table 1 shows the 2020 consumption of different types of clothing, footwear and
household textiles per person in Europe.

Table 1. Apparent consumption of clothing and household textiles, per product type, EU27, 2019-

2020.

EU27 Consumption (kg per person)
Example items 2010 2015 2019 2020
Shoes 34 3.1 3.6 2.7
Total footwear 34 3.1 3.6 2.7
Pullovers, cardigans 1.3 1.1 1.3 1.0
Stockings, tights, socks 0.6 0.6 0.6 0.5
Articles of fur <0.01 <0.01 <0.01 <0.01
Baby clothes, sportswear,
scarfs, handkerchiefs 13 1.2 1.3 13
Blouses, shlrtg, T-shirts, 23 25 26 20
underpants, pyjamas
Coats, jackets, trousers,
skirts, suits, dresses 18 1.2 17 0.8
Workwear 0.2 0.3 0.3 0.3
Leather clothes 0.04 0.03 0.02 0.02
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Total clothing 7.4 8.1 7.9 6.0

Bed linen, towels,

curtains, furnishings, 5.1 4.4 5.4 6.1

tents, sails

Total household textiles 5.1 4.4 5.4 6.1

TOTAL (clothing,

footwear and household 15.7 16.8 16.9 14.8
textiles)

Source: ETC/CE Report 2/2022 [19].

The textiles sector is a major part of the EU economy. Moreover, it is the third largest
employer in the world, after food processing and housing, and this is clear from the data

[19]. (fig. 1).
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Fig. 1. EU27 production of textile related products, 2010-2020, in million tonnes and billion EUR.
Source: ETC/CE Report 2/2022 [19].

Europe has a massive textile waste problem - currently 7 to 7.5 million tons are
generated annually (mainly in private households), but only about 30 to 35 percent is
collected separately and less than 1 percent of textile waste is currently recycled into new
clothing.

According to the McKinsey study, at least one-fifth of textile waste could become new
clothing, and a circular economy for textiles could create 15,000 new jobs in Europe by
2030 and reach a market size of 6 to 8 billion euros. However, this would require kick-off
investments of 6 to 7 billion euros by 2030, and this throughout the value chain, for
example for collecting and sorting textile waste and the establishment of recycling facilities
[20].

An economy that is characterised as climate-neutral and resource-efficient has as its
main objective the prevention of waste. A key aspect in research on textile waste generated
is its management [21, 22, 23]. A review of the scientific literature found some research
studies as follows: textile and fashion industry is credited as world’s most wasteful and
polluting (second only to oil industry), energy-intensive and an inefficient industry, thanks
to the extensive exploitation of natural resources and ever increasing consumption of
pesticides, fertilizers and other toxic chemicals. The massive soil degradation, emission of
greenhouse gases, increase in carbon footprint and water pollution from the textile and
fashion industries are some of the issues that need to be desided [24]; the paper presents a
model developed to analyze industrial textile waste streams and develop scenarios for
sound waste management [25]; in the research is highlight the challenges and issues
involved in managing textile waste concerning environmental concerns and outline
methods to increase the usefulness of this resource [26]; as viral crises spread around the
globe, the demand for medical textile products have skyrocketed, resulting in significant
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growth of the waste stream. Therefore, it is imperative to identify the current situation with
particular emphasis on the environmental impact and health hazards of medxzsxical textile
waste, and to provide a relevant review of the systematic strategies and approaches of the
waste management , with the aims to minimize negative impact of the waste [27].

2.3 Textile waste in the context of the circular economy

Growing awareness of the circular economy of waste motivates valorization strategies to
minimize resource consumption and waste production in the private sector. With the rise of
various industrial wastes and with the emergence of COVID-19 waste, a sustainable
approach was needed to mitigate the growing waste concern [28].

Textile and apparel production in the upstream fashion supply chain generates significant
material waste that requires urgent efforts to effectively manage, reduce environmental
impact and promote sustainable practices [29].

The importance of reusing or recycling textile waste becomes more prominent when it
is considered that for the production of one T-shirt and one pair of cotton jeans, 2720 liters
and 10,850 liters of water, respectively, are needed. However, it has been seen that
recycling of textile products falls behind recycling of other materials. While 15-20% of
textile materials are recycled, 80% of steel, 65% of paper, and 30% of plastics are recycled
[12].

According to the National Environment Agency (NEA) [33}, In 2021, about 6.94
million tonnes of solid waste was generated, of which 3.83 million tonnes were recycled.
Waste generated by the non-domestic and domestic sectors both increased in 2021, from
4.12 million tonnes and 1.77 million tonnes respectively in 2020, to 5.12 million tonnes and
1.82 million tonnes respectively in 2021. Recycled waste attributed to the non-domestic and
domestic sectors likewise increased, from 2.81 million tonnes and 0.23 million tonnes
respectively in 2020, to 3.58 million tonnes and 0.24 million tonnes respectively in 2021.

2020 was an anomalous year with lower waste generation and recycling rates due to the
impact of COVID-19, particularly during the Circuit Breaker period (April to May 2020)
when activities were curtailed. The pick up in economic activity, and resumption of
business and social activities in 2021 have led to a 10 per cent increase in waste disposal,
while 26 per cent more waste was recycled.

Compared to the period before COVID-19 pandemic in 2019, 2021 saw 5 per cent less
waste generated and 5 per cent more waste disposed, with the amount of waste recycled
being lower by 11 per cent.

With waste generation growing as economic activities ramp up, there is greater urgency
to shift from a linear to a circular economy, which is a key part of the Zero Waste
Masterplan and the Singapore Green Plan. NEA will continue to engage businesses and
consumers to put in place more sustainable practices (table 2).

Table 2. Waste Statistics and Overall Recycling of Textile/Leather (2017 — 2021).

Total . Total

Year To;)aéoG enerated Recycled Recycl;/n g Rate Overall Disposed
( tonnes) ('000 tonnes) (%) recycling rate | (‘000 tonnes)

2017 151 10 6 61 141
2018 220 14 6 62 206
2019 168 6 4 59 161
2020 137 6 4 52 131
2021 189 7 4 55 182

Note: Figures are rounded to the nearest thousand tonnes and percentage point.
Source: National Environment Agency, 2022 [30].
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It can be noticed that for the entire period of the study Total Recycled Volumes are very
few compared to the generated ones, shown on tabl. 2. Disposal takes precedence in the
hierarchy of waste, thereby creating a prerequisite for the accumulation and inefficient use
of secondary fibers within the closed cycle provided and demanded by the circular
economy. In the composition of waste, textile fibers are a raw material and policies with
their disposal after the end of their life cycle should be reconsidered in the context of
sustainable textile production that closes the circle.

Textile fibers occupy an extremely small share of the total amount of recycled waste -
Paper/Cardboard, Ferrous metal, Plastics, Construction & Demolition (C&D), Food,
Horticultural, Wood, Ash & sludge, Used slag, Non-ferrous metal, Glass, Scrap tires,
Others (stones, ceramics, etc.).- The data for 2021 are indicative and continue the trends
since 2017 (table 3):

Table 3. 2021 Waste Statistics and Overall Recycling.

Total
Year Total Generated | Total Recycled | Recycling Rate Disposed
('000 tonnes) ('000 tonnes) (%) ('000
tonnes)
Ferrous metal 1,312 1,306 99 6
Paper/Cardboard 1,136 437 39 699
Construction & 1,013 1,011 99 2
Demolition
Plastics 982 58 6 924
Food 817 154 19 663
Horticultural 332 277 83 55
Wood 310 234 76 76
Ash & sludge 249 22 9 227
Textile/Leather 189 7 4 182
Used slag 182 181 99 1
Non-ferrous metal 88 87 98 1
Glass 74 9 13 65
Scrap tyres 27 26 95 1
Others. (stones, 233 18 3 214
ceramics, etc.)
Overall 6.944 3.826 55 3.118

Note: Figures are rounded to the nearest thousand tonnes and percentage point.
Source: National Environment Agency, 2022 [30]

The main problem with waste management is its alternative and reality. The
predominant direction of textile waste management in/out of Europe is incineration or
landfill, with 85% of the post-consumer waste.

The McKinsey& Company analysis indicates that fiber-to-fiber recycling could reach
18 to 26 percent of gross textile waste in 2030. This will require significant investment for
capital expenditure in the textile industry, but analyses show that the sector can thus
become profitable (1.5 to 2.2 billion euros) by 2030 [31].

The importance of textile waste for the circular economy has been proven in various
scientific studies: The study achieved one of the main parameters of the circular economy -
carbon footprint reduction and recovery. Authors succeeded in obtaining cotton and
polyester fibers through chemical technology of textile waste [32]; The study’s results
showed that in Romania only a small part of the clothing products no longer used end up in
the garbage, still, there is a danger that this quantity will increase in the future, as most
citizens have no knowledge about the existence of recycling centres or these centres do not
exist in the localities where they live. Even if a relatively high number of respondents are
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aware that textile products can be recycled, only a small part of them use this method. It
also shows that there is a potential growth of the market for products obtained from the
recovery, recycling, and re-use of textiles [33]; in the review are compare different ways of
waste wool processing, focused on biotechnological applications [34] in research are
presented the recent scientific research, focused on the application of recycled fibers, taken
from textile waste, in the field of composite materials to fulfill the ecosustainability
requirements of textile manufacturing, and promote actions for a circular economy [35]; in
a study identified and described the practices for the management of textile waste after the
use of clothing and to analyze them according to environmental, economic and social
criteria in the circular economy context [36]; the creation of a circular economy for
cellulose based textile waste is supported by the development of an upcycling method for
cotton polyester blended waste garments [37]; in this article is made a review summarized
the valorisation potential of a textile waste products, especially of flax, hemp and jute
fabrics. In this context application of different textile wastes for development of some value
added product has been thought of in the paper [38].

The study presents the trends and perspectives in the circular economy, the
characteristics of textile waste and the relationship between them through a survey of the
scientific literature and economic aspects in the research area. It has been found that a good
knowledge of the most current scientific research on textile waste in the context of the
circular economy and economic analysis combined can give good results in the research
area.

3 Conclusions

In conclusion, it can be summarized that current scientific research and an economic
analysis done on textile waste in the context of the circular economy have been explored.
The various author collectives work in the field of textile waste, its management and its
connection with the circular economy. This is a premise that the obtained scientific results
can help with the realization of community/state policies, which have a long horizon of
implementation and aim to reduce the harmful ecological footprint of the production of
textile goods and discarded textile waste with the development of various activities, such as
informing , collection, sorting, recycling, trial of new methods and technologies in the field.

Research in the field of textiles shows the great importance and fundamental role of
textile waste for the realization of the circular economy concept. Like other fibers, textile
fibers at the end of their life cycle prove to be a valuable raw material for the textile sector.
Moreover, textile waste is an excellent example of the manifestation of the circular
economy and the possibilities for more efficient utilization and production of products in
harmony with sought-after and proclaimed trends within the framework of the only possible
economy in modern conditions, such closing the circle.

Future research could be directed towards exploring an even larger number of scientific
studies in the field of textile waste, textile waste management, new trends (upcycling) and
their connection with the circular economy, which would enable them to be detailed,
systematized and grouped the different types and types of studies. The results obtained will
provide guidance for future research in line with community/state circular economy policies
regarding the textile industry and the textile waste generated by it and consumers.
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