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Abstract 
In the last 30 years, global consumption of textile articles has increased significantly. Population increase along with the booming of fast fashion 

trends are facilitating the growth of global textile consumption. The current pandemic situation is raising the consumption of protective clothing. 
Such scenarios are diminishing the lifecycle of textile products significantly. Consequently, the world has observed a considerable increase in textile 
waste generation in recent years and is predicted to increase even more in the coming years due to the current consumption trends. Despite being 
highly recyclable, much of such wastes go into open dumps or landfills. The U.S. has also seen an increase in textile waste generation, and most 
of the wastes is landfilled. Disposing of such a huge waste stream can be identified as mismanagement due to its impact on the environment, 
society, and corresponding footprints. To counter the impact of the rising textile wastages, it is necessary to address sustainable approaches via a 
structured textile waste management system. This review aims to observe the textile waste scenarios based on the U.S.’s perspectives. An overall 
aspect of textile waste generation has been presented briefly while considering the current circumstances in the U.S. Current trends of textile waste 
management in the U.S. have been discussed while mentioning other available options in waste management. Lastly, this review has proposed some 
probable study directions that would facilitate establishing efficient textile waste management across the U.S.
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Introduction
Global consumption of textile products has been doubled in the 

last two decades due to the increased population and introduction 
of fast fashion [1-3]. In North America, the average trend of textile 
consumption in a year is 37 kg per person which is more significant 
than in Australia (27 Kg) and western Europe (22 Kg) [1,3]. With 
increased textile consumption, production, pre-consumer, and 
post-consumer textile waste is also growing. Each year Americans 
generate around 16 million tons of textile waste, which makes up 
around 6% of overall municipal waste [2]. The introduction of the  

 
circular textile economy (fabrication-utilization-recycling/reuse) 
is encouraging the recycling of such textile waste. Recent statistics 
show that 700,000 tons of the waste are exported overseas, 
whereas 2.5 million are recycled [2]. However, the prevailing 
traditional linear model of the textile economy (fabrication-
utilization-disposal) still contributes to more than 3 million tons of 
incinerated apparel and 10 million tons of textile landfills [2,4]. Such 
a discrepancy in the disposed and recycled textile waste quantity is 
a genuine concern to be addressed to achieve a sustainable future. 
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Due to the rising concern towards a sustainable future, the recycling 
of textile products has increased steadily over the last six decades 
[5]. However, the percentage of recycled clothing is less than 1%, 
whereas the amount sent to landfills has quintupled over the years 
[5]. The data summarizes that most unwanted clothing in the U.S. 
is still preferred to be left in the environment rather than recycled 
or reused.

The current trend in the predominant linear model of the textile 
economy is generating more waste due to the introduction of fast 
fashion, lack of government regulations, uninformed consumers, 
and throwaway culture. The lifecycle of the textile product is much 
less than at any other time in the previous era. Overconsumption 
of textile products is becoming more prominent due to the 
fast-fashion trends [6]. Fast fashion, the quick response to the 
everchanging consumer fashion demands by the fashion retailing 
house, generates new fashion trends within a very short period. As 
a result, the current fashion trends are becoming obsolete within 
a very short time. The previous long fashion cycles are becoming 
short cycles of transient fashion trends. Each trend creates its own 
sets of wastage throughout the fashion cycle: production wastes, 
pre-consumer wastes, and post-consumer wastes. Production 
wastes from the apparel manufacturing steps, unsold or damaged 
products at the pre-consumer stage, and worn-out, out-of-fashion 
products at the post-consumer stage are the sources of such 
textile wastes. The textile wastes are increasing in quantity with 
the throwaway tendency of the fast-fashion consumers. Increased 
population and lack of government regulations of waste apparel 
disposal are contributing to increasing the wastes even more. Steps 
to control the increasing textile wastages are essential to adopt 
early to have a smaller environmental footprint generated through 
the fashion industry. Reuse or recyclability provides a better 
sustainable approach to managing the increasing textile wastes. 

According to the data provided by the U.S. Environmental 
Protection Agency (EPA), textile wastes contributed about 6% of 
the total municipal solid wastes in 2018 [5]. Around 14% of the 
textile wastes were recycled, where almost 71% went to landfills 
for disposal. Another 15% were utilized in energy recovery by 
incineration with other solid wastes. Only about 4% of recycled solid 
wastes are from textile sources, even though textile products have 
almost 100% recyclability [5,7]. The data shows that sustainable 
waste management of textile waste needs to be explored thoroughly. 
In the U.S., to counter the impacts of overconsumption of textiles 
and frequent changes in fashion trends, recycling or reusing textile 
wastes will save resources and minimize environmental change. 
This review aims to evaluate the current sustainable approaches 
adopted by the U.S. in textile waste management. The article 
explores the textile reuse/ recycle trends in the U.S. Understanding 
the present scenario of textile waste management in the U.S. will 
enable the development of more sustainable approaches to reduce 
the impact of increasing textile waste on the environment.

Textile Waste Scenario in the U.S
With the enhancement of the living standards of the increased 

global population, apparel consumption also rises worldwide. 
In developed and developing countries, fashion industries now 
simulate the idea of new fashion trends for each season [8]. As a 
result, the fashion diffusion curve is becoming transient for each 
style, sustaining only one season. Like the mass adoption of each 
style, the obsoletion of each trend is becoming more rapid in 
frequency. As a result, the apparel production cycles are becoming 
shorter- increasing the production rates significantly to support the 
increased demands of transient fashion trends. The textile industry 
generates production waste throughout the manufacturing 
processes, affecting the environment. Moreover, the apparel 
product lifecycle generates textile waste in pre- and post-consumer 
stages. Unutilized and thrown-out textile products can be identified 
as pre- and post-consumer textile wastes.

Depending on the apparel’s manufacturing process, the 
production wastes could be of many types [6,9]. The production-
waste generation continues throughout the apparel production, 
including raw materials such as cotton, yarn. Water, chemicals used 
in the fiber, yarn, and fabric treatment contribute to the textile 
production waste. Cellulose fiber such as cotton, protein fiber 
such as wool, or synthetic fiber such as nylon requires different 
chemical and physical treatments. The wastes generated from 
these treatments could be identified as wastewater containing 
the discarded water with chemicals, pesticides, insecticides, or 
fertilizers [10]. Wastewater composition from fiber production 
includes pesticides, fertilizers, scouring agents (natural fibers), 
and petroleum oil, pigment, dyes (synthetic fiber) [10]. Yarn 
to fabric production generates chemical wastes from sizing 
chemicals, lubricants, bleaching agents, mercerizing agents, de-
sizing chemicals, oxidative agents, dyes, pigments, and other 
chemicals for additional functional properties: fire retardancy, 
antibacterial properties, or water-resistance [10]. Solid wastes 
from the production process include spinning waste, fabric cutoffs, 
fabric roll ends, fabric defects, woven and knit cutting waste 
[6,11,12]. The utilization of production waste has its importance 
in the U.S. However, in recent years, textile and apparel production 
has shifted significantly from the U.S. Compared to 2009, textile 
manufacturing dropped from $18.79 billion to $9.5 billion in 2019 
[13]. Approximately 98% of the apparel is imported [2]. So, in the 
U.S., the priority on production waste utilization has shifted to post-
consumer waste management [14]. A change in textile production 
has been observed recently where special fabrics such as protective 
clothing, medical textile, nonwoven contributed to more than 34% 
of the U.S. textile export in 2021 [13]. Also, the U.S. is one of the 
leading exporters of cotton supporting 35% of the global cotton 
demands [15]. So, production waste management still needs to be 
monitored to counter the risk of such waste.
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Pre-consumer wastes are unsold or damaged retail products 
yielded from design mistakes, fabric faults, wrong color production, 
or fail-to-sale products [12,16]. A general estimation is that 70% of 
the apparel production is sold, leaving 30% unsold stock [17]. In 
actual practices, this type of waste is mainly utilized by nonprofit 
organizations in donation, manufacturers in recycling the source 
materials, and retailers in other markets via consolidators or 
jobbers. So, these wastes are not actually unutilized or thrown out. 
Only a very small portion of pre-consumer waste is thrown out to 
landfills by retailers [18]. About 65% of the initial input of the global 
textile supply chain can flow through clothing manufacturers to the 
consumers as the final products, whereas 35% of the input turns 
into textile wastes in the production and pre-consumer stages [4].

Wastes from the post-consumer stage generate from the utilized 
textile materials, which lost their utility to the consumer and deiced 
to be thrown out. Consumers decide to throw out the textile articles 
when they are worn out, damaged, outgrown, or become outdated 
[6]. As in most cases, throwing out of the articles means accumulating 
new products or vice versa; the post-consumer waste amount can 
be comparable to the fiber consumption rate of textile production 
[9]. So, it can be inferred that the amount of post-consumer waste 
is similar to the production and pre-consumer waste amount [9]. 
Every year the amount of thrown-away textile is around 30 kg per 
person [19]. Though the reusability of such products is high, most 
of such wastes either go into municipal waste or are incinerated. In 
the U.S., thrown out post-consumer waste utilized in the landfills 
amounted to around 10.5 million tons per year, surpassing 350,000 
tons in the U.K. and 287,000 tons in Turkey [4]. In 2019, post-
consumer textile waste generated around 16.89 million tons of 
waste, covering approximately 6.3% of municipal solid waste [20]. 
Among these 16.89 million tons of waste, about 16.05 million tons 
(95%) were suitable for recycling [21]. However, only 2.57 million 
tons were subjected to be recycled, leaving most of the parts to be 
utilized in combustion and landfills [21]. In the socio-economic 
aspects of the U.S., the determinants of post-consumer waste 
amount generation are income range, education, accessibility to 
clothing stores, and residential segregation [22-24]. People living 
in higher accessibility of education and high-income areas generate 
more textile waste than people living in other regions [22,25]. High 
racially segregated regions and more accessible clothing stores 
also positively impact waste generation [22]. Such determinants 
highlight the apparel overconsumption tendency resulting from 
fast fashion. 

‘Fast Fashion’ can be defined as the quick response of fashion 
retailers to the everchanging consumer demands [6]. In such a 
retail model, the products reach customers within a few weeks 
from the product development stage. In contrast to the traditional 
six months production timeline, popular clothing retailers are 
now adopting a 3-9-week production timeline [6]. As a result, fast 
fashion trends are currently generating about 52 micro-seasons 
dedicated to specific styles per year. In contrast, there were only 

four seasons in the traditional fashion cycle (pre-fall, fall, pre-spring, 
spring/ summer) [26]. For example, leading fast-fashion retailer 
‘Zara’ generates around 12,000 styles per year [6]. Low-quality 
textile products are used to generate the sale inventory to support 
the high pace of bulk production while considering cost reduction 
and profit maximization [27]. Such poor material choice and low 
price encourage consumers to discard the previous textile article 
and acquire new trends [28, 29]. As a result, overconsumption 
and thrown-away culture generated from fast fashion is now 
contributing to a significant amount of post-consumer waste in 
the U.S. Pre-consumer and production wastes are also increasing 
globally due to the high production rate and fast fashion market 
share.

Impacts of Textile Wastes
The environmental and societal issues surrounding textile wastes 

begin at the very beginning of the textile supply chain. Production 
and utilization of textile articles generate waste throughout the 
production, pre-consumption, and post-consumption stages. With 
the increase in apparel consumption, the wastes generated from 
this sector are affecting the global environment and resource 
management. As there are no structured waste disposal procedures 
to address the textile wastes, such wastage points out the inefficient 
global resource management, affecting the environmental and 
social footprint. Due to the increased apparel consumption, textile 
wastes are now affecting the environment and the socio-economic 
aspects of surrounding communities more drastically than before.

The apparel production process impacts the environment 
through water usage, carbon or greenhouse gas emission, and 
energy consumption. Followed by the oil and petroleum industry, 
the textile manufacturing industry is the 2nd most polluting sector 
around the globe, responsible for 20% of the total carbon emission 
around the world [2,21]. If the current growth of the textile sector 
persists, it will be responsible for 26% of the global carbon budget 
by the end of 2050. By 2050, the textile sector will be utilizing 
300 million tons of nonrenewable raw material, where 22 million 
microplastics will be released to the ocean [29].

At the preliminary stages of textile production, a large amount 
of water, fertilizer, pesticides, and other chemicals are used for 
fiber sourcing. The chemical treatments vary throughout the 
manufacturing process depending on the fiber types (natural, 
regenerated, and synthetic). A greater portion (around 63%) of 
consumed textile fibers comes from petrochemical or synthetic 
polymer sources. Synthetic fibers production requires many 
chemicals, and the process absorbs more energy than natural fiber 
production, consequently raising the global CO2 emissions [30,31]. 
Cotton is the most widely used natural fiber. It takes around 5,300 
gallons of water to produce just 2 pounds of cotton [2,32]. Global 
cotton production single-handedly utilizes 44% of the total water 
usage [32]. In addition to this, the high rise of apparel consumption 
leads to increased demand for textile fibers. More cotton farms 
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are being established by sacrificing forests to yield high cotton 
production. Every year around 70 million trees are being cut down 
to support the increased demand for textile products [2]. Chemical 
fertilizers, pesticides, and irrigation techniques are being utilized 
to increase the cotton farms’ yield. Therefore, soil infertility, 
desertification, and water pollution are observed in the surrounding 
areas [2,33]. A prominent example of such could be the Aral Sea in 
Central Asia. The Aral Sea has been completely drained and dried 
up largely due to cotton production and has caused many problems 
for surrounding communities [2]. Supporting the commercial 
production of protein fibers from animals (wool, angora, cashmere) 
requires large grazing fields, significantly impacting land erosion 
and carbon emissions [34]. 

The later stages of textile production contribute to 
environmental pollution even more. At the dyeing, washing, and 
drying phases of textiles production, a huge amount of wastewater 
generates, containing different dyes and chemicals [35]. The wash 
phases of synthetic textiles also generate microplastics that pollute 
water and food [36]. The energy consumption and corresponding 
carbon emissions of the fabric and apparel production process are 
also huge for the application of highly efficient industrial machines 
[37,38]. Washing of one jeans pair could release carbon quantity 
equivalent to driving 69 miles [3].

Pre- and post-consumer wastes thrown out as landfills or open-
air dumps also severely impact the environment [39]. Accumulation 
of landfill sites destroys natural habitats for the animals [40]. 
Decomposition of post-consumer wastes releases greenhouse 
gases such as methane, CO2, and chemical leachates. In the case of 
open-air dumping, the probability of chemical leachates escaping 
into waterways is high, which significantly affects human and 
animal health [41-43]. Such scenarios are much more common in 
developing and underdeveloped countries as often they don’t have 
advanced municipal waste management systems [44].

With the introduction of “Fast fashion,” overconsumption and 
throwaway culture are now prevailing. To meet the high demands of 
the new fashion products, retailers often ignore the manufacturers’ 
production capability. To meet the retailers’ supply demands, 
manufacturers often disregard the workers’ needs. Workers at the 
manufacturing end are often exposed to chemicals, fiber dust, and 
noise. Long working hours in those environments with repetitive 
working steps affect the mental and physical state of the workers 
[45]. Low payment rates, child labor, are also not uncommon in 
the global textile supply chain [3]. Though top retailers often 
conduct audits to ensure work and environmental safety at the 
manufacturing ends, the presence of the production subcontractors 
often remains outside of the audit purview [4]. For high production 
demand, manufacturers often have to employ subcontracting 
agencies, who often ignore basic workers’ rights [4]. Aside from 
these, the dumping sites of the textile wastes are often placed near 
underdeveloped regions, marking the environmental injustice as 

throwaway culture predominantly persists among highly educated 
and well-to-do communities [22]. 

The wastes generated from different steps of the global textile 
supply chain and after consumerism affect the world environment. 
In the global textile supply chain, the U.S. is one of the primary 
suppliers of raw materials like cotton, synthetic fibers. Commercial 
apparel production is not primarily based in the U.S., and most 
of the consumed textile products are imported. However, the U.S. 
is one of the leading manufacturers of functional clothing like 
protective clothing, medical textiles, and smart textiles. The U.S. 
textile exports have seen a 14% growth from 2010 to 2019 in special 
fabrics and yarns [13]. Production processes of such special textile 
products need to be monitored to categorize the waste generated. 
Consumption of imported textile products has also been increased 
due to the introduction of ‘Fast fashion.’ ‘Fast fashion’ associated 
high production rate is sacrificing the material quality, resulting in 
poor aging of textile articles. As a result, the U.S. has seen a 100% 
increase in the amount of thrown-away clothing in the last 20 years 
[46]. Most of such wastes find their way to landfills. Addressing 
such an increasing quantity with ‘Reuse’ or ‘Recycle’ will reduce the 
post-consumer textile waste and the supply-demand. As a result, 
the textile industries’ impact on the global environmental footprint 
can be controlled with higher efficiency. Such an approach marks 
the ‘Circular textile economy,’ contributing to control the resource 
management of the global textile supply chain. An integrative 
approach by fashion retailers, manufacturers, government, and 
consumers will surely minimize textile waste’s environmental and 
societal impact [4]. A structured textile waste management system 
adopted by the U.S. will solve the municipal solid waste problem 
and contribute to forming the sustainable global textile supply 
chain.

Textile Waste Management 
The ‘Environmental Management System’ (EMS) has been 

introduced to promote sustainability in the textile supply chain 
[47,48]. ISO 14000 has been proposed to set up the rules and 
standards identifying the degree of the textile industry’s impact 
on the environment [10]. To control the environmental impact of 
textile waste, ‘Waste management’ has been incorporated in the 
EMS. ‘Waste Management’ refers to the steps taken to minimize 
waste generation. ‘Textile Waste Management’ aims to reduce waste 
generation, control environmental impact, and minimize resource 
input by promoting ‘Recycle’ or ‘Reuse’ in the textile products’ 
lifecycle (production, pre-consumer, and post-consumer) [10,49]. 
Textile wastes can be categorized into wastewater and solid waste 
based on their physical attributes. Wastewater is the effluent of 
the textile production processes, whereas solid wastes are the 
fiber, yarn, fabric, and apparel wastes thrown out in production, 
pre-consumer, and post-consumer stages [10]. So, ‘Textile Waste 
Management’ can be classified as wastewater management and 
solid waste management. 
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Wastewater management

Wastewater contains washed-away chemicals of textile 
production processes, oil, grease, and other particulate matters. 
Wastewater management refers to treating the effluents to reduce 
the chemical concentration and remove harmful substances before 
disposal to control the environmental impact. Treatment of the 
effluents could be categorized into physical, chemical, and biological 
processes [10]. Physical treatments are adopted to remove floating, 
suspended particulates from the wastewater. Such treatments refer 
to the utilization of screened filters of different fineness to filter 
out the particles. Mechanical flocculation and membrane filtration 
can also be adopted in the physical treatments of wastewater. 
Mechanical flocculation utilizes mechanical stirring to generate 
the floc of small, suspended particles. Membrane filtration can also 
remove some dyes along with the particles but is not economical 
due to the clogging and displacement risk of the membranes. Aside 
from the mentioned treatments, treatment via electron beam 
radiation has been seen to reduce the COD value of the wastewater 
[10,50]. Chemical treatments aim to adjust the pH value of the 
wastewater, reduce the COD, and decolorize it. Discoloration of 
the textile wastewater is achieved by adding neutralizing agents 
of multivalent cations and coagulation/ flocculation agents to 
separate the suspended particles. Ozonation, Fenton reaction 
(hydrogen peroxide and ferrous ion treatment) neutralizes toxic 
chemicals where chemicals like Aluminum sulfate, Poly-aluminum 
chloride, and poly-ferrous sulfate are used as coagulation/ 
flocculation agents [10,51-54]. Biological treatment is another 
alternative to treat wastewater and could be used in combination 
after physical and chemical treatments. Biological treatments help 
remove finishing agents and dye substances from the wastewater. 
Enzymes or microorganism cells are used in biological treatments. 
In the case of fungal treatment (Pleurotus ostreatus, Gloeophyllum 
odoratum, and Fusarium oxysporum), monoculture shows better 
results than co-culture treatment in dye removal [55]. Application 
of enzymes such as Lacasse can also be found efficient to remove 
certain types of dyes [56,57]. Mild operating conditions, larger 
space, and longer time to process wastewater make biological 
treatment a less favorable option for wastewater treatment [58]. 
The utilization of biodegradable materials (mangrove bark as dyes, 
bee wax, enzyme, and aloe vera as finishing agents), less harmful 
chemical agents (H2O2/O3 instead of chlorine bleaching agents) in 
the textile production process will reduce the detrimental impact 
of wastewater effluents. Such an approach marks the prevention 
of harmful waste generation [59-62]. Aside from previously 
mentioned treatments, textile wastewater could yield value-added 
products such as biogas and biohydrogen. Studies have found that 
biogas generation effectively reduces COD value in wastewater [63-
65]. Gasification of textile wastewater could be utilized to yield 
synthetic gases, which could be applied to generate electricity 
[66,67].

Solid waste management

With the increase in textile product consumption, solid waste 
from textile sources is also increased significantly in the last 20 
years. With the conventional textile solid wastes handling systems, 
most of the wastes found their way into the municipal solid waste 
stream. Due to the lack of suitable facilities to manage the huge 
municipal waste stream, many such wastes are used as landfills 
or incinerated. Solid waste management aims to optimize waste 
generation or waste utilization via reuse, recycling, and energy 
recovery to counter the impact of the increasing textile consumption 
on solid waste generation. Textile Solid waste management could 
be categorized into the disposal, energy recovery, recycling, reuse, 
and prevention, arranged from least environment-friendly to best 
[6]. Conventional textile solid waste management refers to the 
disposal of textile wastes which mostly go to the landfills. Increased 
municipal solid wastes mark the lack of proper waste management 
facilities, expanded landfill sites to dispose of the increased share. 
In the landfills, synthetic solid wastes do not decompose, while 
the organic (wastes generated from natural or regenerated fiber 
products) wastes decompose but yield CH4 and CO2 [6]. Energy 
recovery refers to generating energy by incineration, gasification, or 
anaerobic digestion of textile wastes. Incineration takes up almost 
90% of the textile wastes to generate flue gases (CO2, H2O, O2, N2), 
which can be utilized as fuel energy [68]. Though the incineration 
process generates harmful gases and leaves burnout wastes, 
emission control, energy recovery, and suitable facilities to discard 
the wastes can impart sustainability [68]. Gasification refers to the 
partial oxidation of organic compounds at higher temperatures 
(500 °C- 1800 °C) [68]. With the application of combined cycle gas 
turbines, such a process has higher efficiency in generating electric 
energy due to better thermal energy optimization [67]. Anaerobic 
digestion utilizes microorganisms to convert the organic wastes 
into biogas which could be utilized in green energy production. The 
residuals of such treatment could be used as fertilizer also [69,70]. 
Recycling means reprocessing the textile wastes into another 
useful material via combined operation of sorting, separation, 
and processing [71]. Textile solid wastes could be turned into raw 
materials of production processes or value-added end products, 
called downcycling and upcycling, respectively [6]. Recycling 
processes can be categorized into mechanical, chemical, thermal, 
and combined recycling processes [6]. Mechanical recycling shreds 
the textile waste items previously sorted based on color and quality 
[72]. Resultant shredded wastes can be converted to yarn or fibers, 
can be used as insulative materials, raw materials of nonwovens 
manufacturing, filling materials for mattress or upholstery, carpet 
underlays, or disposable diapers/napkins [6,72-74]. Chemical 
recycling is best suited for synthetic fiber wastes. Wastes from 
synthetic textiles can be converted into new yarn or fabricated 
into new woven, knitted, nonwoven, and composite products via 
chemical processes like polymer-depolymerization [75]. Other 
applications of such recycled synthetic fibers include household 
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items, automobile carpeting, sound absorption materials, insulation 
materials, and toys [6,75]. Thermal recycling mainly refers to the 
pyrolysis of textile wastes. Textile wastes can be converted into 
synthetic fibers generating byproducts like CH4, H2, CO2 [6]. Based 
on the fiber resin, the pyrolysis temperature could vary between 
450 °C and 700 °C. Synthetic fibers yielded by such a process can 
sometimes result in high-valued carbon activated fibers due to the 
resin carbonization [76]. Reuse means reutilization of the textile 
article for the same purpose it has been conceived [77]. Instead 
of throwing out, reusing a textile product will generate less waste 
throughout the whole textile supply chain. Reusing the article 
minimizes the products’ environmental footprint. Reusing 1 kg of 
textile products saves 6000 L of water, 3.6 kg less CO2 production, 
0.3 kg of chemical fertilizer, and 0.2 kg less pesticide utilization 
[78]. So, the reuse of a textile product contributes to less waste 
generation, minimizes energy utilization in that products’ supply 
chain. Textile articles can be sold as secondhand clothing, cleaning 
cloths, or as vintage fashion articles after proper collection and 
sorting based on their conditions and antiquity [71]. Prevention 
refers to promoting awareness against waste generation. In the 
present ‘Fast fashion’ era, consumers, retailers, and manufacturers 
should be informed how textile wastes are affecting the environment 
and society. Building awareness will encourage the reuse of textile 
products, recycling the thrown-out articles, and facilitating the 
proper collection, sorting, and processing of textile wastes even at 
the consumer level [6,79].

Textile waste management reality in the U.S

Regarding the textile mill effluent or wastewater management, 
the U.S. Environmental Protection Agency (EPA) complies with the 
limitation guidelines and standards listed in chapter 40 of the U.S. 
Code of Federal Regulations contained in part 410 (40 CFR part 
410) [80,81]. Based on the regulations, EPA adopted the National 
Pollutant Discharge Elimination System (NPDES)- a permit program 
to regulate the guidelines and standards of ‘40 CFR part 410’ [81,82]. 
Most textile mills utilize publicly owned treatment works (POTWs) 
to treat the wastewater. More than 14,000 POTW facilities are 
currently operating across the U.S. [83]. Such wastewater is generally 

discarded into the POTW without any prior pretreatments. As a 
result, POTWs have developed their local limit of essential pollution 
parameters to check whether the wastewater discharge adequately 
follows NDPES compliance [84]. EPA biennially publishes Effluent 
Guidelines Program Plan to review the guidelines and standards. In 
the recently released Preliminary Effluent Guidelines Program Plan 
15 (September 2021), EPA has announced to conduct a study of 
per- and polyfluoroalkyl substances (PFAS) discharge from landfill 
and textile manufacturers [85]. According to EPA, most textile mills 
currently are not being monitored in terms of PFAS discharge [80].

The U.S. Environmental Protection Agency (EPA) published data 
regarding textile solid waste management in the U.S. [5]. Available 
data measures the municipal textile solid waste generation, 
amount of textile wastes used in landfills, energy recovery, and 
recycling purposes. It can be seen that after the booming of fast 
fashion in the 90s, textile waste generation has increased. Even 
though textile waste recycling has increased, landfill remains the 
prevalent method of textile waste management. On average, the 
U.S. generates approximately 16 million tons of textile waste per 
year, recycles only 15% of the wastes leaving almost 65% in the 
landfills [5]. EPA estimates that textile wastes cover approximately 
5% of all the landfill space in the U.S [5]. Even though 95% of the 
textile wastes are recyclable, landfill is still the preferred option 
for textile solid waste management [21]. The challenges of textile 
recycling are largely relevant to the quality and characteristics of 
textile wastes. The utilization of solid textile wastes depends on the 
efficient sorting of the wastes [86]. Proper sorting and separation 
of the wastes based on the fiber/yarn types, colors, and apparel 
systems determine the recycling process or reusability. The absence 
of a structured textile waste collection system makes the sorting 
and separation process harder, given the increasing quantity of 
municipal solid waste. The lack of identified end-users of recycled 
textile raw materials impedes promoting commercial incentives 
for textile recycling [86]. The following waste generation data 
only considered the thrown-out textiles, leaving the reused textile 
products (Table 1). 

Table 1: Textile solid waste management data (in millions of U.S. tons) [5].

Management Pathway

 

Year

1970 1980 1990 2000 2005 2010 2015 2017 2018

Total municipal solid waste 121.1 151.6 208.3 243.5 253.7 251.1 262.1 268.7 292.4

Total textile solid waste 2.04 2.53 5.81 9.48 11.51 13.22 16.06 16.89 17.03

Recycled amount of textile wastages 0.06 0.16 0.66 1.32 1.83 2.05 2.46 2.57 2.51

Energy Recovery 0.1 0.5 0.88 1.88 2.11 2.27 3.06 3.17 3.22

Landfilled 1.97 2.32 4.27 6.28 7.57 8.9 10.54 11.15 11.3

The textile resale market has seen growth in recent years 
in the U.S., much similar to the global market. In 2019 the global 
secondhand clothing market share was $28 billion [87]. Whereas, 
in 2018, it was $24 billion, and in 2017 it was $20 billion [87]. In 

2020, the market share decreased to a value of $27 billion due to 
the pandemic compared to 2019. However, observing the current 
trends in 2021, it has been predicted that the value will rise to 
$77 billion in the next three years [87]. The monthly domestic 
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secondhand retail sales are more than $1.25 billion on average, 
where the predominant buying trend is preowned clothing [87]. 
The U.S. is also one of the leading exporters of secondhand clothing. 
In 2019, the U.S. trade value of exported secondhand clothing was 
approximately $737.7 million, which is expected to rise due to the 
increasing global demand for reused textile products [87]. The 
reuse and resale of textile articles are currently increasing due to 
the build-up of sustainability awareness. The pandemic-affected 
economic condition is also encouraging the reuse tendency as less 
than 3% of the household budget now goes into buying clothes [87].

The change in the waste generation scenario in the current 
pandemic situation is also needed to be considered. The utilization 
of personal protective equipment has become the norm in the high 
propagation stages of covid-19. As a result, the production and 
utilization of face masks, gloves, protective suits, safety boots have 
substantially increased- most of which are of limited usage and 
thrown out after single or several usages. Such waste sources have 
a high potential to exacerbate the solid waste management system. 
Moreover, most of the PPEs (Personal Protective Equipment) are 
made of synthetic fibers such as polypropylene, polystyrene, 
polycarbonate, polyethylene, or polyester [88]. Mismanagement of 
the thrown-out PPEs results in such wastes being in landfills or seas 
[89]. During 2020-2021, total mismanaged plastic waste amounted 
to 8.4 million metric tons around the globe- 6% of which came 
from North America [90]. PPEs have contributed to 7.6% of the 
total mismanaged waste- amounted to approximately 0.64 million 
metric tons [90]. PPE production also includes specific chemical 
processes based on the service and materials. So, the production 
process of PPEs could have significant impacts on the textile 
effluent composition. The dynamics of textile waste generation 
can change due to the high disposal rate of PPEs. So, it is necessary 
to address the impact of Covid-19 on textile waste generation to 
create a fruitful waste management structure. 

Conclusion
The dynamics of textile consumption is changing due to the 

fast-fashion trends and ongoing pandemic situation- contributing 
to making the textile products’ lifecycle shorter. As a result, 
global textile waste generation has also increased significantly. 
Being one of the leading importers of textile finished products 
and exporter of textile raw materials, the U.S. is also currently 
observing a higher rate of textile waste generation. The increased 
amount of textile waste has seen to impact the environmental 
condition and social lives around the textile supply chain entities. 
To counter the negative impacts, it is necessary to address textile 
waste management in a sustainable way. Such management 
has two dimensions- wastewater management and solid waste 
management. Federal regulations exist for wastewater treatment, 
but textile solid waste management still remains voluntary. Solid 
waste management largely depends on the effective collection, 
separation, and processing of the waste stream- making it difficult 
to approach the recycling and reuse of textile products. A structured 

waste management system will facilitate such sorting/ collection 
procedures and reduce the amount of solid waste disposed to 
landfills. A comprehensive waste management system will also 
consider wastewater treatment- generated from the textile supply 
chain. To establish an effective textile waste management structure 
in the present condition, the followings are some of the current 
concerns needed to be considered by the U.S.

•	 Detailed studies regarding the wastewater composition 
discharged from the functional textile production plant are 
needed to be performed. Functional clothing such as PPEs’ 
production process needed to be monitored to identify 
the discharged wastewater composition. As wastewater is 
being treated in POTW facilities, wastewater pretreatment 
requirements before discharging to POTW need to be inspected. 

•	 It is necessary to consider the viability of imposing 
recycling mandates at local and state levels to establish an 
effective textile waste management system, considering the 
current transient lifecycles of textile products (PPEs, face 
masks, fast fashion articles). 

•	 Studies are required to establish smooth and effective 
transitions of textile solid waste materials from consumer, 
retailer, and producer to the recycler. To facilitate the 
preprocesses (sorting, separation, collection) of recycling, an 
effective waste collection, and management structure needed 
to be developed. Applicability of developing a clothing labeling 
system to communicate recycling instructions to the consumer 
needed to be explored.

•	 Production capacity of the recycled textile raw materials 
needs to be expanded to establish the recycling facilities as 
constant and convenient suppliers to the manufacturers. Such 
relevant studies will promote the utilization of recycled textile 
raw materials.

•	 Viability of multiple uses of PPEs and face masks should 
be investigated. In this regard , the efficiency of sanitization 
techniques such as UV exposure and washing should be 
studied to promote the reuse of PPEs. Specific fabric coating or 
utilization of specific synthetic threads could potentially impart 
reusability to the PPEs. 

•	 Market study regarding secondhand and vintage clothing 
can promote the reuse of textile products. If the leading retailers 
find it economically profitable as per their business policy, a 
circular model of the textile economy can be easily established. 

It can be said that textile waste management does not only 
minimizes the generation of wastes but also optimizes the 
environmental and social footprint. In the present day, sustainability 
is not an option but rather a necessity. Given the high consumption 
of textiles in the U.S., an effective textile waste management system 
also has the potential to turn into a revenue-generating industry.
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