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Abstract

The idea of sustainability through spreading Awareness in reduce, reuse, and recycle are important techniques for waste
management and become a vital factor for improving the economic and environmental condition of textile industries. Because
of a remarkable expansion in population, generally improvement of expectation for everyday comforts and the worldwide
manufacturing of various textile Textiles items are being expanded in the previous few decades, which prompts a significant
degree of utilization and waste generation. The major wastes such as wastewater and fiber waste disposed by in an unplanned
manner, which causes many environmental problems, since the textile and clothing industry is one of the most polluting
industry. Consequently, the proper management practices of waste generation is becoming important worldwide. This study
focuses on identifying the current production, waste generation, source of waste and its characteristics, utilization and envi-
ronmental concerns. This paper also addresses the possible framework for the textile waste management practices to value

added products in textile and apparel industry and future needs for further development are also discussed.
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Introduction

Attributable to the contemporary quick development and
smart manufacturing climate, the apparel enterprises have
been confronting different difficulties such as sustainabil-
ity, item quality, effectiveness and administrative consist-
ence while discovering its reality. Besides, the textile and
attire mechanical biological system, worldwide sustainable
waste administration and economy, puts focus on enterprises
to turn out to be more feasible, imaginative particularly
zeroing in on more eco-mindful and eco-accommodating
items. Thus, much research on textile and apparel industry
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wastes has focused on value added products in the textile
and apparel industry for the long term benefits [1]. Thereby,
representing the advanced waste management techniques for
the current problems of textile wastes, the textile and apparel
consumption can become more sustainable by disposing of
the garbage from the households instead of being reused
or recycled. Furthermore, this review article will develop a
clear understanding of the methodologies adopted by vari-
ous textile and apparel industries, where wastes are being
managed, initiatives should be taken for recycling, reusing
and sustainable waste management especially in developing
countries. Therefore, this article emphasizes the importance
of the different sources on the problem of textile and apparel
industries waste by which it can be utilized in a more sus-
tainable way and various application and management solu-
tions to solve the problem of increasing textile and apparel
industry wastes.

The global textile market scenario

Textiles and attire industry is perhaps the oldest, biggest and
a set up area of the world. Industrialization and financial
development assumes a significant part in the advancement
of any country. Along these lines, it is difficult to envision
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a world without Textiles, which is a key piece of everyday
life and a significant area in the worldwide economy [2-5].
The Textiles business is blasting all through the entire world
and India involves 2nd and US 3rd in terms of production
after China. Textiles industry improvement impacts the
worldwide economy. The Textiles business has gotten one
of the principle mainstays of the economy. China and India
are the best two Textiles makers around the world. India is
the second-biggest exporter of Textiles and apparel with a
portion of 5% of worldwide trade [2, 6]. The global tex-
tile industry was estimated at around $920 billion in 2018
and it is projected to reach approximately $1,230 billion by
2024, representing a steady compound annual growth rate
(CAGR) of nearly 5% during the forecast period. China is
the world’s largest clothing exporter, produced around 79
billion meters of cloth in 2017 and 5.99 million metric tons
of cotton in 2018. The Indian textiles and apparel industry,
currently estimated at around $150 billion, is expected to
reach $250 billion by 2019. The current estimated exports
stood at around $38.70 billion in 2019 and is expected to
$82.00 billion by 2021 from $ 22.95 billion in 2020.The
total value of U.S. textile and apparel shipments total an
estimated $76.8 billion in 2018, this is an increase from $73
billion in output in 2017. Indian textile and apparel industry
is one of the largest segments of Indian economy, occupies
a distinctive position in terms of production, employments,
and exports [7]. Some of the major textile manufacturing
industries in India include: Arvind Ltd, Vardhman Tex-
tiles Ltd, Welspun India Ltd, Raymond Ltd and Trident
Ltd. These industries contributed 7% of the industry output
(in value terms), 2% to the gross domestic product (GDP),
employs more than 45 million people and 15% to the export
earnings of India in 2018-19 [8-10]. Moreover, recently ini-
tiatives taken by Government of India under Union Budget
2020-21, a National Technical Textiles Mission is proposed
for a period from 2020 to 21 to 2023-24 at an estimated out-
lay of Rs 1,480 crore. This can achieve the position of India
as a global leader in technical textiles, such as development
of rainwear, sportswear, retarded apparel and fire resistance
garments [11]. The textile business market for the most part
incorporates yarns and fabrics. The market cost is assessed
by the estimation of home-grown creation with imports and
without trades, surveyed at producer costs. The worldwide
material plants market esteem added up to $748.1 billion in
the year 2016 (up 3.5% from the year 2015 and compound
yearly development of the market was 2.7% somewhere dur-
ing 2012 and 2015. The Asia—Pacific region contributed to
59.6% of the global textile mills market value, Europe and
the United States accounted for a further 19.1% and 10.8%,
respectively. The global textile mills market is projected to
reach $961.0 billion in value in 2021, an increase of 28.5%
since 2016. The global textile market value scenario are
depicted in Table 1. The compound annual growth rate of the

Table 1 Global textile industry market value forecast: $ million,
2017-2021

Years Textile industry market value in Growth (%)
($ million)

2017 7,686,316 2.7

2018 8,042,948 4.6

2019 8,474,549 54

2020 8,995,040 6.1

2021 9,610,082 6.8

market between 2016 and 2021 is estimate to be 5.1%.This
specifies the extensive growth of worldwide textile industry
and the consumption products which lead to the increase in
production of textile products [12, 13].

Waste from textile and apparel industry
in pre product development

The waste product is an undesirable substance that is dis-
posed of after essential use or/is damaged, no utilization
item, and of moderately minor monetary worth. Waste reus-
ing is assumed as an imperative part of the minimization
of environmental change and save natural resources [14]. It
has been stated that the textiles and apparel are almost 100%
recyclable and everything in these industries should be uti-
lized. Due to the increasing environmental awareness, there
is a need to optimize solid waste management is becoming
significant. Consequently, the textile and apparel industries
are making efforts to decrease post-consumer textile waste
disposal [15-17]. In modern way of living we cannot limit
the material and waste production but explore the alternative
recycling techniques to reduce the burden on nature. Thus,
the environmental friendly techniques are very important to
save our nature sustainably [18].

Like other industry, the textile business likewise deliv-
ers a few sorts of solid wastes, which leads onto different
ecological difficulties. India as an emerging nation, the fast
industrialization and monetary development is fundamental.
In any case, the explanation which drives comparing with
modern development is the generation of industrial wastes
[19]. Different sorts of waste can be named as solids, fluids,
or gases, in light of their actual state. These solid waste can
be ordered dependent on their unique use (bundling waste,
material waste, food waste, and so forth), actual properties
(flammable, compostable, recyclable, and so on), materi-
als (glass, paper, and so on), source (homegrown, business,
agrarian, modern, and so on) and security level (perilous or
non-unsafe). Domestic waste and business squander together
can be delegated civil strong waste [17].Due to late trend
setting innovation, material and clothing ventures create
enormous measures of waste dependent on crude material

@ Springer



3134

Journal of Material Cycles and Waste Management (2023) 25:3132-3143

utilized during material creation and piece of clothing pro-
ducing, which possess a huge spot. Owing to an exponential
increase in global population (8 billion, India—1.38 billion
in 2020), the demand for new products have led to enormous
textile production and consumption and most important rea-
sons for waste generation. However, with development of
technologies and scope of being recycled and re-use, these
waste are recognized as resource. It is predicted that global
fiber consumption will reach 110 million tonnes in the year
2020 [20, 21].Textile and apparel industrial waste refers
to that generated in the manufacturing process of fibrous
products. This industrial waste is composed of natural and
synthetic polymeric materials. Natural and synthetic fibers
are like cotton, jute, wool and silk polyester, nylon, poly-
propylene, etc. There are different processes of stages of
industrial waste generation in textile and apparel sectors.
In view of this, the material and clothing business waste
can predominantly be separated into three general classes:
(1) production, (ii) pre-consumer or post-industrial, and (iii)
post-consumer waste. The production waste contains waste
from various textile manufacturing steps, pre-consumer
waste from harmed items in stores and post-buyer squander
from arranged waste from the shoppers. Consequently, the
first type of waste as production waste comprises of waste
from numerous textile-manufacturing processes or at pro-
duction stage, second type of waste as pre-consumer waste
from damaged products in stores and in production stage and
the third waste as post-consumer waste from disposed waste
from the consumers in consumption stage [22].

Production waste

This is fundamentally made out of strands, yarns, fabric
scraps, and clothing cuttings created by fiber makers, mate-
rial plants, and texture and attire make. The manufacturing
sector, fabric cutoffs, and fabric rolls are establishing a lot
of wastage. During the assembling and creation produce
a gigantic measure of squanders, which impacts in huge
expenses to the associations. Besides, the carpet area like-
wise produces a ton of single stringy type waste. The dis-
posal techniques has been reported by several researchers
and are divided in to three categories like: (i) solid waste
stream and end up in landfills or waste incinerators, (ii)
energy to power the manufacturing process, and (iii) sold
to a textile waste recycler. Some researchers already have
been reported in their study that, overall apparel industry
contributes to both pre-consumer and post-consumer textile
waste [22-24].

Pre-consumer or post-industrial waste

This kind of waste refers to the left-over materials generated
during the stage of production and manufacturing process

@ Springer

in fiber, textile and cotton industries, such as design mis-
takes, wrong colour and fabric faults. The waste related to
crude materials, which are utilized in textile creation can be
ordered into three primary gatherings, which are cellulose
fiber, protein fiber, and engineered fiber [25]. Cellulose fiber
is produced using plant materials, such as cotton, flex, hemp,
and ramie. Protein fiber is created from creatures includ-
ing fleece, angora, cashmere, and silk and engineered fiber
is produced using oil-based synthetic substances, such as
polyester, nylon, spandex, acrylic, and polypropylene [3].
Previously, the four methods of disposal process of these
waste has been given by several researcher, such as: (i) waste
sent directly to the companies (ii) sold to other outlets, job-
bers, or consolidators, who in turn resell the merchandise to
other outlet stores; (iii) sent directly to non-profit organiza-
tions; and (iv) sent directly to landfill by retailers [17, 22,
26]. Some of the pre-consumer textile material wastes in the
textile manufacture route are given in Table 2 [27].

Post-consumer waste

This waste refers to any types of the unwanted apparel or
other household products from fabricated textiles that the
owner decides to discard. Previous study stated that the
waste is usually generated after the textiles have been con-
sumed and discarded by the consumers. It has been reported
the volume of post-consumer waste is generated a huge
amount in comparison with other and also comparable with
the fiber consumption rate [23].The post-consumer textile
waste has been projected to landfills are 10.5 million tonnes
per year in the USA, 350,000 tonnes per year in the UK and
287,000 tonnes per year in Turkey. It has also been reported
that in USA around 75% of the pre-consumer textile wastes
can be diverted from the landfills and recycled, while only
15% of post-consumer textile wastes are recycled. However,
in India due to the manufacturers and less aware of consum-
ers of the hazards related to environmental degradation the
situation appears miserable. According to a fashion maga-
zine, 73% of discarded clothes end up in landfills which are
packed with so much urban waste that by 2050, India will
require one bigger size to fit the wastes it produces [20, 22,
28].

Environmental concerns on textile and apparel
waste

Textile and apparel waste is a significant environmental con-
cern that is growing rapidly due to the increase in exponen-
tial population growth and consumer demand for fast fashion
and low-cost clothing. There are several significant environ-
mental problems associated with waste, including (a) land-
fill waste, which contributes to greenhouse gas emissions
(GHGs) and energy consumption throughout the production,
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Table 2 Waste materials produced by textile industry during cotton production [3,,23, 27]

S1. No: Preparation process Generated solid waste Generated waste water
1 Fiber Fiber waste Small extent
2 Yarn Fiber waste, cleaning and processing waste Spinning oil
3 Sizing Yarn waste and fiber lint BOD, COD and metals
4 Weaving Yarn and fabric scraps and off-spec fabric ~ Small extent
5 Desizing Yarn waste, fiber lint, cleaning BOD
Materials, such as, wipes, rags,
filters and cleaning maintenance wastes
containing solvents
6 Sourcing Small extent Disinfectants and insecticide residues, NaOH, detergents, fats, oils,
pectin wax, knitting lubricants, spin finishes and spent solvents
Bleaching Small extent H,0,, sodium silicate and high pH
Mercerizing Small extent NaOH and High pH
Dyeing Small extent BOD, metals, salt, surfactants, toxics, colour, sulfide, spent solvents
and pH
10 Printing Small extent BOD, suspended solids, urea, solvents, colour, metals, foam and heat
11 Finishing Fabric scraps and trimmings BOD, COD, suspended solids, toxics and spent solvents

Table 3 Top 10 textile exporter by value in 2021 [33]

SI. No Textile exporters Values of exports ~ Market
($ billion) shares
(%)
1 China 145.6 41.1
2 European Union 73.6 20.8
3 India 222 6.3
4 Turkey 15.2 43
5 USA 13.1 3.7
6 Vietnam 11.5 32
7 Pakistan 9.2 2.6
8 South Korea 8.7 2.5
9 Taiwan 8.6 24
10 Japan 6.2 1.8

transportation, and disposal of textiles and apparel, contrib-
uting to climate change, (b) chemical pollution, as textiles
and apparel items made using synthetic materials can take
hundreds of years to decompose and release harmful chemi-
cals into the environment, and (c) water consumption, as
textile production requires significant amounts of water, and
the disposal of textile waste can also lead to water pollution
[29, 30]. In 1975, world textile production was reported to be
about 8.4 kg per person. However, this figure is expected to
reach 14 kg per person in 2021 and increase to about 17.5 kg
per person by 2030 [31]. Therefore, the global consump-
tion of textile products will increase to 62 million tons per
year, and by 2030, it is projected to reach 102 million tons
[32]. Top 10-textile exporter by value in 2021 is depicted
in Table 3 [33]. Population growth that is accelerating and
the globalisation of the textile and fashion industries have

led to an unequal distribution of the environmental effects,
with developing nations suffering the brunt of the costs for
developed nations. The environmental impacts of the textile
and apparel industry are extensive and significant. Water
resources use intensity, use of chemical, including toxic
chemicals, wastewater discharges and lack of treatment pro-
cesses, as well as energy use and electricity’s carbon inten-
sity are some of these significant impacts [34]. The textile
and apparel industry is generally, regarded as the second
most dangerous industry to the climate after oil, because the
textile industries and the generated wastes are dumped in to
the landfills, which has become a major concern globally.
This deed can create a serious environmental problem owing
to its high greenhouse gas emissions and contamination of
air and water supplies [35]. Furthermore, the fashion indus-
try contributes up to 10% to global pollution and accounts
for 6-8% of CO, emissions, or more than 1.7 billion tonnes
annually, ranking second only to aviation [32]. The textile
ventures utilize tremendous measures of resources such as
water, oil, and land during the whole life cycle, creation,
assembling, dissemination, and customer use to garments
end of life at disposal. The environmental impacts in terms
of emissions during the textile production route and the final
product is depicted in Fig. 1 [36]. It has been reported that
textile industry is one of the largest generators of GHGs
(CO, emission is highest during initial fiber extraction), not
smallest because of its huge size. The global textile industry
uses large quantity of non-renewable energy sources, con-
sumed in the form of electricity, uses 378 billion liters of
water and approximately 4% of global freshwater, resem-
bles to 93 billion cubic meters of water is being utilized
annually in the year of 2014 and 2020, respectively. The
carbon footprint is estimated to be of approximately 15 kg or
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Fig. 1 Environmental impacts
in terms of emissions during
the textile production process
and the final product, Modified
from [37]

[

Raw materials required
for textile production

Natural and synthetic
fibres

Uses of
dyes

.

—IN]

Yarns and fabrics
production

Uses of
additives

‘Wet treatments including
the pre-treatment, dyeing,
printing and finishing

Sewing including
garments, bed linen and

— Carbon
emissions

~
Uses of
water
N

curtains

y

Consumptions of various

—

products

Uses of
energy

approximately 20 times its own weight for a textile product
like one T-shirt [35, 37, 38]. Researchers also reported the
current global trends in the textile sector are projected to
represent a quarter of the 26% global carbon budget and if
current trends continue, the consumption of non-renewable
raw materials from the textile and apparel sector will reach
300 million tonnes by 2050. Thus, the GHG emissions from
textile production were responsible for 1.2 billion tons of
CO, equivalent of GHG [37]. The improvement of these
units influences the climate, as around 10-20% of all mate-
rial items are viewed as waste products. Annual waste from
the textile and apparel industries in several countries are
estimated at 26.0 million tons in China, 12.4 million tons in
the United States, 1.0 million tons in the United Kingdom
in 2017 and 1.0 million tons in India in 2011, respectively
[3, 40]. There are many factors leading to environment pol-
lution. Earlier researchers reported that, the textiles and

v

[ By-products/waste ]

aluminium produce the most greenhouse gases per unit of
material. Correspondingly, the Intergovernmental Panel
on Climate Change claims that the textile industry causes
10% of global greenhouse gas emissions [32, 39]. However,
limited data exist on the geographical distribution of emis-
sions from the textile and apparel industries. The worldwide
energy sources of textiles and garment production have a
large impact on the emission intensity. Table 4 shows the
primary energy consumption of the textile and garment
industry by fuel type in certain nations in 2019 [34].

The quick development of enterprises is fundamental
for financial improvement in an emerging nation like India.
However, the principal factor, which goes corresponding
with modern development, is the misuse of both mechani-
cal assembling and operations. Cotton is developed world-
wide and is the main fiber to make material and clothing
products. The yearly world production of cotton changed

Table 4 Primary energy

) . g SINo Nation wise  Fossil fuels (%) Natural gas (%) Coal (%) Oil (%) Renewa- Hydro-
Consump.tlon of the textile and. sharing fuels bles (%) electric
garment industry by fuel type in (%)
certain nations in 2019

1 Bangladesh 99.4 70.3 8.2 20.8 0.2 0.4
2 Indonesia 93.9 17.7 38.2 38.0 4.4 1.7
3 India 91.0 6.3 54.7 30.1 35 4.2
4 China 85.1 7.8 57.6 19.7 4.7 8.0
5 Viet Nam 84.8 8.6 50.3 25.9 1.0 14.2
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from 26.7 million tons in 2017/2018 to 25.6 million tons
in 2018/2019 and is right now assessed with 25.9 mil-
lion tons for the year 2019/2020. The top 10 cotton pro-
ducers are India, China, United States, Brazil, Pakistan,
Turkey, Uzbekistan, Mexico, Australia and Mali for the
year 2019/2020 [41]. During cotton production, huge
amount of water, several deadly toxic chemicals such as
pesticides and insecticides have been used, which has a
negative effect on the surroundings. The textile industries
are using extensive amounts of water, energy, chemicals
and raw materials throughout the supply chain, which
places heavy demands on Earth’s natural resources. Dur-
ing cloth production disquieting amounts of chemical pol-
lutants, CO, gas and other toxic substances are released
into surrounding waterbodies, soil and air [37].Earlier
study stated the roughly 65% of insecticides, 20% her-
bicides and 14% were defoliants and growth regulators,
while fungicides and others comprise only 1% of the total
toxic chemical. The water required for irrigation during
cotton cultivation exceeds profusely for same amount of
synthetic fiber production. It has been observed that, the
major environmental concern in the textile industry is the
amount of chemical content water discharged. Moreover,
some important issues such as energy consumption, air
emissions, solid wastes and odors can be of significant
problem in certain treatments [12, 42, 43]. The ecological
effects on which the textile area is a significant benefac-
tor incorporate the consumption of material resources and
water, land use, environmental change and synthetics tox-
icity [44]. Owing to these exercises the cotton creation in
textile and attire businesses are obliterating with time the
common assets, contaminating the water bodies and to the
all-out environment. Earlier said that Textile effluent is a
reason for huge measure of natural debasement and human
diseases. About 40% of internationally utilized colorants
contain naturally bound chlorine, a known cancer-causing
agent. Textile industrial wastewater is extremely alkaline
and contains high concentration or biological oxygen
demand (BOD), chemical oxygen demand (COD), total
dissolved solids (TDS). This discharged effluent leads to
environmental hitches if it is not properly treated prior
to its safe disposal. Researchers also stated that, chemi-
cals are dissolving in to wastewater and having a nega-
tive effect to human health. Moreover, these waste are not
easily decomposed, accumulates and occupies more space
which, may lead to infectious diseases, attract pests, and
spread odors in the environment [3]. For environmental
and economic benefits the reuse and recycling of textile
and apparel waste is a sound technology in recent time
which, protects from many polluting and energy intensive
textile make processes. However, the landfill of textile
waste lead to many problems in landfill methods, such as
slow decomposition of fiber and CH4 gas production from

decomposed woolen, which contributes to global warming.
Hence, this can create environmental problems without
appropriate waste management practices [45, 46].

Textile and apparel waste management
and possibility of recycling

The vast majority of the nations are attempting to diminish
the measure of disposal in landfills and increment the meas-
ure of reusing. Because of the absence of reasonable treat-
ment and removal strategy, the executives of huge measure
of city and mechanical waste has reached in a basic stage in
metropolitan urban areas [17]. The waste chain of impor-
tance of the textile and clothing industry waste the execu-
tives' alternatives and reusing plausibility are portrayed in
Figs. 2 and 3 [51]. These features underscore prevention,
reuse, and recycling as key to feasible administration of
waste material. Waste the board choices are as indicated by
best natural works on taking into consideration of a material
life cycle. This is an ecological appraisal of an item's life.
Hence, three R's have gotten a focal fundamental in main-
tainable waste administration endeavors. In recent years,
some of the developing and developed countries imple-
mented the six level concepts for waste management, such
as prevention, minimize or reduce, reuse, recycling, energy
recovery and disposal or landfill [22, 46].

In recent times, to counter the negative impacts textile
industry has taken many measures for reducing its negative
contribution towards environment. For reducing environ-
mental impacts and resource usage the circular economy
has recently gained a lot of attention worldwide from scien-
tists, entrepreneurs and authorities to promote recycling to

Most favoured

[ 1-Prevention J

% 2-Reduce 1

i 3-Reuse: Materials to use ’

4-Recyceling: Use materials for new ]

5-Energy recovery from waste ]

6-Safe disposal to landfill J
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Fig.2 Textile and apparel waste management hierarchy model
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Fig.3 Waste from textile and
apparel industry and recycling
possibility, Modified from [48]
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maximize material service and materials life. Circular econ-
omy is the sustainable future and a recent economic model
occurred as a response to the new needs of society and our
planet. It has a direct connection with sustainable develop-
ment, which requires a balanced coordination among the
economic, technological, social and environmental aspects
of manufacturing process [17, 47-50].

There are four principles that explain the concept of cir-
cular economy in textile and apparel waste as follows: zero
waste—nothing is thrown away, because waste is designed
out by making things for repair, disassembly and reuse. Two
types of industrial ingredients as (i) disposable and biode-
gradable and (ii) durable and reusable. Entirely renewable
energy in the industrial cycle—this also reduces businesses
exposure to depletion of sources of energy resources. Cus-
tomers are no longer consumers, but users seek to provide
access to a service instead of ownership of a good. Compa-
nies are responsible for the product and its waste [43]. A few
waste administration methodology are talked about before
for textile and clothing waste materials, such as reuse and
recycle, energy from waste, and last removal or land filling.
The measure of textile and attire waste being transferred to
landfills and incinerators is expanding and gigantic as of late.
The waste discard is the most un-supported administration
cycle and landfill is the last objective of garbage removal. In
this strategy, the engineered textile wastes are not decayed as
expected and fleece articles of clothing are deteriorated and
produce CH, and CO,. It is expressed that CH, is more hurt-
ful than CO, and they are adding to a worldwide temperature
alteration [51-54]. By way of development of technologies
and scope of being recycled and re-use, the waste are rec-
ognized as resource. Energy recovered from waste can be
recovered by different methods, such as incineration, gasifi-
cation and anaerobic digestion. Incineration is the practical
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burning process in which the residual or textile wastes are
burned at a high temperature and energy is recovered as
electricity or heat and can be used as sources of energy.
In this process amount of waste decreased by about 90%
depending on composition of the materials and degree of
recovery. Here, the main sources of fuel energy as flue gases
such as CO,, H,0, O, and N, are generated. In the mean-
time, gasification is partial oxidation of organic substances
at high temperatures (500-1800 °C) to produce a synthetic
gas. Gasification is preferably used for electricity production
and the advantage of gasification compared with incinera-
tion is higher electrical generation efficiency. In anaerobic
digestion, conversion of organic textile waste by microor-
ganisms into CH, rich biogas to generate electricity. This
renewable fuel is used for the production of green electricity
or as a vehicle fuel [17, 55].Earlier study stated, the quality
of recycled final product is equal to the original product in
recycling. Based on this the recycling technologies are cat-
egorized in to four ways, primary, secondary, tertiary and
quaternary. They are summed up as follows: in the initial
stages of recycling the material are in a unique structure for
recuperation of equivalent worth. Auxiliary preparing is of
the post-purchased item by mechanical methods into an item
with various physical and additionally compound properties
as mechanical reusing. Tertiary cycles such as pyrolysis and
hydrolysis, in which waste is changed over to fundamental
substance constituents, monomers. Quaternary handling or
recuperation is the waste-to-energy change cycles, for exam-
ple, burning of strong waste or usage of warmth generated
[56]. Moreover, the recycling process earlier states as physi-
cal and chemical recycling. In physical process, manufactur-
ing waste and post-consumer products are recovered into
different products using reclamations process. In chemical
process the conversion of high molecular weight polymers



Journal of Material Cycles and Waste Management (2023) 25:3132-3143

3139

into low molecular weight substances. It has been stated
that, the physical recycling is more favourable than chemical
recycling due to its simpler, cheaper and more environmental
friendly process [57].Textile and apparel recycling can be
classified into thermal, mechanical, chemical and material
recycling technologies. Thermal recycling is to recover heat
energy generated from incineration of wastes as thermal or
electrical energy. Thermal methods include different types
of pyrolysis processes, which performs at high temperature
range of 450-900 °C depending upon the type of resin.
Pyrolysis is referred to the decomposition process with high
temperature in absence oxygen condition. From this process
depending upon the conditions various products are gener-
ated, such as activated carbon fiber, char, bio-oil and syn-gas
[58, 59].

It has been expressed, out of these advancements the
mechanical recycling is the most favoured procedure and
can be utilized for recycling of a wide scope of textile waste
composition. In this technique, the textures are earlier
destroyed into little pieces and isolated by their synthesis
and shading to set up the recycled filaments for yarns or
non-woven utilizes, such as protection materials, napkins,
floor covering, and expendable diapers [17]. On the other
hand, the compound recycling recovers monomers from
disposed strands by polymer deterioration. It is applied to
synthetic fibers and their blends, which are separated chemi-
cally, degraded and re-polymerized into new fibers, such as
sports material, furniture, insulators, automobile carpeting
and toys [60]. Reuse and reduction or prevention means any
operation by which products are not waste, which are used
again. The importance of textile waste reduction and reuse

of products are to bring awareness among the people on
adverse effects on the environment. There are many govern-
mental roles for the management of textile wastes are like
technology advancements for waste recycling, create logistic
chains and market for recyclable products, promote the use
of or environmental friendly material and reduce the packag-
ing material and encourage compliance. Furthermore, there
are certain obstacles appeared in textile and apparel waste
recycling process, such as deficit of appropriate equipment,
lack of awareness among consumers, end products cost and
lack of marketing [57].

Usage of textile and apparel waste in various fields

The designing answers for the recycled textile and apparel
waste materials might be changed over into comparative
items from virgin and normal filaments. At present, the
sustainable administration of any items is fundamental as
opposed to being a choice. Writing an overview giving a
portion of the powerful endeavors of utilizing material waste
appears to have expanded its use for different applications.
A portion of the recycled textile items and their application
field from material and clothing waste are given in Table 5.
Several researches have summarized the main applications
for textile and apparel waste as reinforced composites. These
are such as inforce polyethylene matrix, for soil reinforce-
ment to improve the strength and stability of soil, for bricks
making, as an adsorbent fiber for heavy metal adsorption,
for making chipboards, for lightweight polymer concrete
as aggregate, as activated carbon, for thermal insulation
material and for heat and energy generation [47, 61-68]. A

Table 5 Recycled textile

. SI. No Generated waste Products References
products from textile and
apparel waste 1 Cotton and textile ash wastes Bricks [3, 60, 69]
2 Cotton and limestone powder wastes  Bricks [17, 60]
3 Textile waste ash and basaltic pumice  Bricks [3, 61]
4 Textile sludge and Bricks [66]
waste glass
4 Lyocell fabric-modified cellulose Adsorbent fiber for heavy metal adsorption  [64, 70]
5 Cotton waste Chipboards [14, 63]
6 Waste cotton fibers and fabrics Nanoparticle, microcrystalline cellulose and [65, 71]
thermoplastic matrix
Woven fabric Reinforced composites [14]
8 Non-woven waste Polypropylene, low density [72, 80]
polyethylene
8 Cotton woven waste Activated carbon [73]
Plain woven PET and cotton fabrics Composites [74]
[17, 23]
9 Waste cotton fabrics Reinforced composites [75, 76, 78]
10 Textile and apparel waste Heat and energy generation [17,77]
11 Textile waste Thermal insulation material [76, 79]
12 Carpet waste Lightweight polymer concrete as aggregate [17, 23, 67]
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study has been carried out on recycling of Indian textile and
apparel waste and results stated, the production of various
designer products using recycled textile waste in India. An
alternative network has been also developed for merchandis-
ing of pre-owned clothing by online app. Nowadays, some
of the small-scale industries are now converting the textile
waste to fibers and they used as fillers for mattress, pillows
and cushion to recycle yarns [69].

It has been seen that the textile and apparel enterprises
wastes are generally utilized for warm protection building
materials from reused polyester (RPET) filaments, squander
fleece, and a combination for building [75]. The cotton and
carpet wastes are corrupted gradually in landfill process and
causing different climate issues. Thus, recently the recov-
ered fibers recovered from them. The recovered products
can be used as building material and thermal insulation and
concrete reinforcing material to improve the shrinkage and
toughness [3, 70]. Textile fiber wastes has also been used as
reinforcement and ability to expand the strength and rigidity
in composites for various applications [77-79]. Researches
have also been studied and compared the mechanical proper-
ties, such as tensile, bending and impact, which revealed the
tensile and bending strength of waste yarn reinforced were
lower than glass fiber reinforced samples. Their findings
stated the impact energy of the waste yarn reinforced sam-
ples was greater [14, 64]. Earlier study focused on dissolu-
tion of purified cotton waste garments in N-methyl morpho-
line-N-oxide solution and spun them into new fibers. Then,
the molecular and mechanical properties were analyzed and
compared with those of standard lyocell fibers [17, 80, 81].
Besides, for textile and apparel waste management there is
some govt. obligation and certain roles are there to empower
innovation head ways for waste reuse, to make calculated
chains and market for recyclable items, to promote the utili-
zation of natural cordial material, to diminish the bundling
material, and encourage consistency [57]. From this study, it
can be confirmed that textile and apparel waste may be used
in different fields due to its various important properties.

Conclusions

The textile and apparel industries have been a major con-
tributor to environmental pollution and waste generation
for decades. The manufacturing processes involve various
chemicals, dyes, and finishing agents that can be harmful to
the environment and human health. From the above study, it
tends to be reasoned that the material business is currently
centered on expanding the waste reusing systematically to
preserve energy and normal assets and eventually improve
production. Creative advances and additionally the improve-
ment of existing innovations have been explored and cre-
ated to accomplish the aggressive objective of "zero-waste"

@ Springer

in the approaching years. The powerful use of textile and
apparel waste transforms into a high-valued item and permits
improving the material enterprise's seriousness. In addition,
the practical utilization of textile and apparel waste adds to
common asset saving. Thus, the usage of textile and apparel
waste in different fields produces not only economic but also
ecological advantages, since their use has led to resource
conservation and thus solves the disposal problems. There-
fore, reduce; reuse and recycling textile and apparel waste
seems to be a better approach. This will not only solve the
contemporary problem of textile waste but will also lead to
the achievement of zero waste status and sustainable appli-
cation of waste from textile and apparel industries. Vari-
ous techniques of pollution prevention in textile processing
need to implement to reduce wastewater volume by the tech-
niques, such as good housekeeping, counter-flow process-
ing, reuse of process water, automation of the machinery. In
addition to reduce the amount of dyes and chemicals con-
sumption by good housekeeping, process optimization by
careful selection of dyestuffs, auxiliaries and process condi-
tions, recovery and reuse of process chemicals, automation
of the machinery and computerized recipe optimization is
also needed. Besides these, the life cycle assessment (LCA)
is a technique used to evaluate the environmental impacts
and burden associated with all the stages in the life cycle of
a textiles product (from raw material extraction, process-
ing, manufacture, application, repair and maintenance and
final disposal or recycling), waste minimization and used
for estimating CO, and GHG emissions [82]. It is needed
to lower the current uncertainties in LCA of textile and
apparel industries production. In addition the textile and
apparel industries production with its waste management
of textile waste reveals that it can be cost effective if man-
age properly in terms of their properties and applications.
Consequently, to solve these environmental issues, it is cru-
cial to promote sustainable fashion practises such as create
public awareness, lowering consumption using eco-friendly
materials, financial and administrative help, superior col-
lection techniques, partnerships, and an engineered way of
closed-loop recycling systems can be applied for landfilling
after checking the long-term environmental properties. By
opting to purchase clothing and textiles made responsibly,
as well as by choosing to donate or recycle their used cloth-
ing rather than toss it away, consumers can also make a dif-
ference. Government rules and industry standards can also
support sustainability and lessen the textile and clothing sec-
tor's environmental effect. Subsequently, the achievement of
the new textile economy thus requires innovative levels of
research coordination with NGOs, government agencies, and
industry associations, to develop and implement sustainable
management approaches. It also requires the cooperation and
system-level changes are required to transform the textile
industry into new circular economy principles, involves
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Fig.4 Number of ambitions for
a new textiles economy, Modi-
fied form [83]

Eliminate dangerous
chemicals substances
and microfibers

designing products that are durable, repairable, and recy-
clable, as well as implementing recycling and upcycling pro-
grams. In addition, the ambition for a new textile economy
relies on four ambitions is depicted in Fig. 4, which would
lead to better outcomes in terms of economic, environmental
and societal textiles system [83]. These measures and steps
would encourage more sustainable management approaches
in the textile and apparel industries. However, there is still
a long way to go, and it is important for all stakeholders to
work together to achieve a more sustainable and circular
future.
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