
R E S E A R CH AR T I C L E

Closed loop supply chains in apparel: Current state
and future directions

Meltem Denizel1 | Caroline Z. Schumm2

1Department of Supply Chain
Management, Ivy College of Business,
Iowa State University, Ames, Iowa, USA
2Department of Apparel, Events &
Hospitality Management, College of
Human Sciences, Iowa State University,
Ames, Iowa, USA

Correspondence
Meltem Denizel, Department of Supply
Chain Management, Ivy College of
Business, Iowa State University, Ames,
IA, USA.
Email: mdenizel@iastate.edu

Handling Editors: Saurabh Bansal,
V. Daniel R. Guide, and Sergey Naumov

Abstract

The apparel and textile industry (AT) is considered one of the most polluting

industries in the world due to the complexity of the supply chain and the high

volume of natural resources and toxic chemicals used during manufacturing.

Closed loop supply chains (CLSC) for apparel and textile are unique and there-

fore the circular economy solutions that exist for other industries, especially the

electronics industry where these solutions are used extensively, may not be suc-

cessful. This study aims to evaluate the practices of fashion brands that currently

employ a CLSC to better understand the existing strategies and prevalent issues

in comparison to the electronics industry. We developed a framework based on

factors that identify the delineating aspects of a CLSC and performed a content

analysis of the publicly available sustainability reports of companies. The results

show the need for different solutions between the industries and indicate a need

for research that is informed by the AT specific contextual factors since one-

fits-all solutions will not work well across industries.
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Highlights

• The best closed loop supply chain (CLSC) solutions will be context depen-

dent, industry characteristics will dictate the type and mode of CLSC solu-

tions that will work; what works in one industry might not work in another.

• Key decision makers should assess their industry's circular maturity, the less

mature an industry the more fluid its CLSC practices may be giving execu-

tives greater flexibility on type and mode of CLSC practices to implement.

• Key decision makers in the apparel or similar industries should note that

industry level differences in End-of-Use product acquisition, component

reprocessing, and material recycling have implications for CLSC design and

coordination.
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1 | INTRODUCTION

A circular economy (CE) involves creating an ever-
rejuvenating economic system that decouples economic
growth from natural resource depletion and environmental
degradation (Hvass & Pedersen, 2019). It can be a means of
“value creation, cost reduction, revenue generation, and
increased resiliency and legitimacy for companies” (Unal
et al., 2019, p. 562). For manufacturing companies, an
important component of CE is an effective closed loop sup-
ply chain (CLSC) structure and management system. To
establish a CLSC, forward and reverse supply chain logis-
tics must be integrated to allow for the seamless collection
of end-of-use (EOU) products, disassembly, reassembly,
and remarketing (Van Wassenhove, 2019). Within a CLSC,
value creation is based on utilizing the economic value
retained in EOU products to produce new offerings
(Hvass & Pedersen, 2019). A primary way to utilize prod-
ucts' retained value is through remanufacturing, the pro-
cess of restoring a previously used product to like-new
quality specifications (Abbey & Guide, 2018). Remanufac-
turing has been studied in the automotive and electronic
goods industries (Van Wassenhove, 2019). However, less is
known about it in other business-to-consumer markets,
such as the AT industry (Sandvik & Stubbs, 2019).

AT is one of the largest manufacturing industries behind
automotive and technology (Jia et al., 2020). It is considered
one of the most polluting industries in the world (Patwa &
Seetharaman, 2019). The polluting nature of the AT indus-
try coupled with rampant consumerism (120 million tons of
apparel projected to be purchased by 2030) has led practi-
tioners and researchers to seek viable environmental and
business solutions to solve or at least lessen the harmful
impacts of the AT industry (Pal et al., 2019).

In the last 5 years, circular business models within the
AT industry have increased, with the circular market fore-
casted to be worth $700 billion by 2030 (Business of
Fashion, 2022). While more AT companies are implement-
ing CE practices, most are unprofitable and only account for
a small percentage of a firm's annual sales (Kent, 2022b).
The AT industry's specific remanufacturing issues, detailed
below, help to explain the lack of CE practices.

Remanufacturing in the AT industry is contextually dif-
ferent from remanufacturing in the electronics or automotive
industries. The standard practices in those industries do not
necessarily apply to the AT industry (Abbey & Guide, 2018;
Abbey, Meloy, et al., 2015). Implementing remanufacturing
in the AT industry requires a different approach—no “one fits
all” process exists. One key difference is found in the salvage
value of the EOU products. The 40%–65% cost savings (Wang
et al., 2014) from remanufacturing possible in electronic and
automotive industries due to component recovery (Wang
et al., 2018) are not seen in the AT industry due to the low

marginal value of EOU garments (Cai et al., 2022; Morana &
Seuring, 2007). Remanufacturing often costs more than the
retained value of the EOU clothing (Dissanayake &
Sinha, 2015; Morana & Seuring, 2007). Another key differ-
ence can be observed in the networks for acquiring EOU gar-
ments, which are less robust than the collection networks for
electronics. There are challenges accruing EOU garments
with the necessary fiber blends (e.g., cotton, silk, lycra) to
enable effective remanufacturing (Deeley, 2021b). Due to the
wide diversity of materials in EOU garments, reverse supply
chain sorting may occur at numerous sites and via different
stakeholders (Lewis et al., 2016). Such differences leading to
AT-specific circularity challenges require better understand-
ing and insights. The AT industry is beginning to implement
CE practices, and more context-dependent (Van
Wassenhove, 2019) knowledge and solutions should lead to
more effective CLSCs.

The purpose of this paper is to highlight that CLSC
strategies used in other industries may not apply within
the AT industry. Despite its size and impact on global eco-
nomics (Jia et al., 2020), little operations management lit-
erature focuses on the AT industry, presenting academics
with complex and interesting research opportunities. To
showcase this, we set a foundational understanding of the
current CLSC practices within the AT industry, key
players within the system, opportunities, and barriers. We
then provide a comparison of remanufacturing practices
employed by AT firms and consumer electronic firms.
Finally, we discuss the salient CLSC issues in the AT
industry compared with other industries and highlight dif-
ferent aspects that necessitate further investigation.

2 | REMANUFACTURING IN THE
APPAREL INDUSTRY: OVERVIEW

Abbey and Guide (2018) suggest three primary disassem-
bly levels in remanufacturing: product reprocessing,
component reprocessing, and material reprocessing.
Although these levels are represented in the AT industry,
there are distinctions to recognize. Table 1. identifies the
differences and below we describe the AT specific levels
of disassembly and then remanufacturing.

2.1 | Reverse flows for an apparel
company

2.1.1 | Resale

Resale in the AT industry is similar to Abbey, Meloy, et al.
(2015) product reprocessing level. In resale, the original
brand collects used garments, sorts, cleans, performs minor
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repairs, and re-sells them in their secondary market at a dis-
counted price. This type of remanufacturing has been widely
employed in the AT industry over the last 3 years with over
100 brands launching a resale channel in 2021 (Business of
Fashion, 2022). While the resale market is expected to grow
substantially, few programs have yet to be profitable due to
scalability issues (Kent, 2022b), with many firms using resale
as a tool for new customer acquisition (Chen, 2023).

2.1.2 | Repurpose

Repurposing is akin to the component reprocessing level
(Abbey & Guide, 2018) in the level of disassembly—but
that is where the similarities end. Unlike consumer elec-
tronics, remanufacturing the same product using compo-
nents from EOU products does not exist in AT. In this
level of remanufacturing, the EOU garments are either
downcycled into lesser-value items, such as insulation or
filler for bedding or upcycled into items of the same
or higher retail value. When brands downcycle, the EOU
garment is used for another product outside the scope of
the retail brand. At that point, it is no longer a part of their
CLSC, and no more oversight is needed by the brand.

In upcycling, the company will use parts and pieces of
EOU garments to create new items. Upcycling within the
AT industry has several challenges that limits the process
to niche markets (Dissanayake & Sinha, 2015). The cur-
rent remanufacturing approach is to develop one-of-a-kind
products through a time and labor-intensive process using
in-house seamstresses and designers hired specifically to
perform the upcycling process (Dissanayake &
Sinha, 2015). The types of products that can be made from
EOU garments depend on collection, making planning for
upcycled production difficult. The upcycled garments are
sold in niche markets at higher price points. The upcycling
process is unique to AT and not seen in other industries.

2.1.3 | Recycle at the material level

The material processing level or recycling is where the
EOU garment is disassembled to the material (i.e., fiber)

level and then used to create new material for forward
manufacturing. Material recycling depends on the mate-
rials used in the original products (Blum, 2021). There are
two main material recycling processes: mechanical and
chemical (Blum, 2021). Mechanical recycling can only be
used for natural fibers such as cotton and wool (Cao
et al., 2022). The small handful of US firms operating an
apparel remanufacturing program utilize mechanical
recycling due to environmental concerns (Amy Hall, pers.
commun., September, 2022). However, firms like EILEEN
FISHER who use mechanical recycling struggle to collect
sufficient quantities of EOU garments in the required nat-
ural fibers to have a consistent flow for remanufacturing.
Chemical recycling is used for synthetic fibers such as
polyester and nylon (Cao et al., 2022). The use of chemical
recycling is less dependent on the material blends of the
original garments (Cao, 2021). This process can permit a
variety of garments to be recycled down to the material
level allowing for higher levels of EOU supply and rema-
nufacturing. With more EOU garments being used for
remanufacturing, scalability may becomemore viable.

While material-level reprocessing seems to be the
most viable option for the industry, not many firms are
currently engaged in this level of remanufacturing. The
development of new recycling technologies may help
overcome the material quality and scalability problems
that hinder firms' actions.

2.2 | CLSC process flows in AT

To further delineate the different levels of remanufacturing
in the AT industry we showcase the reverse flows and the
prominent supply chain members. Figure 1 shows the for-
ward and reverse product flows of a representative CLSC
in the AT industry. The major actors in the AT industry
are the manufacturers, remanufacturers, EOU product col-
lectors, and the recyclers. The reverse product flows
include Resale, Repurpose, and Recycle at material level.
Below we discuss the different reverse flows individually.

In an AT CLSC, the consumer is vital and initiates the
reverse flow of goods at each level of remanufacturing.
EOU garments flow from the consumer to the retail outlet
or a third-party collector/material handler. What is col-
lected at the retail outlet will also be sent to the third-party
collector/material handler for the initial sorting and grad-
ing. This initial flow is common for all levels of remanufac-
turing. At the resale level, resaleable garments flow to the
distribution center and start a forward flow to a secondary
market owned by the fashion retailer. The items deemed
unsaleable in their original form travel to a third-party
downcycler, a third-party material recycler (depending on
the material makeup of the garment), or to the fashion

TABLE 1 EOU product disposition activities in electronics

versus apparel.
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retailer to be used in the upcycling process. If EOU gar-
ments flow to the third-party downcycler, they move out of
the fashion brand's CLSC- no more oversight needed. EOU
garments flowing from the third-party collector/material
handler to the fashion retailer for upcycling go through
another round of grading/sorting by the fashion brand.
Here, the EOU garments can flow to the retail brand for
in-house upcycling remanufacturing or to the third-party
material recycler. For recycling at the material level, EOU
garments can flow into (i) the third-party material recycler
from the third-party collector/material handler; (ii) the
retail brand's in-house sorting; and (iii) the in-house upcy-
cling facilities. Once at the third-party material recycler,
the EOU garments are taken down to the fiber level and
made into material yardage for forward manufacturing.
The third-party material recycler can also act as the reman-
ufacturer. For example, Renewcell, a material recycler, also
acts as a remanufacturer. Shown in the reverse flows are
the unique factors of the AT CLSC for remanufacturing at
the upcycling and material levels.

3 | COMPARING THE APPAREL
AND TEXTILE INDUSTRY TO
CONSUMER ELECTRONICS

To showcase the need for industry-specific solutions, we
compare the CLSC practices in the AT and consumer

electronic industries through content analysis. We cre-
ated a framework for content analysis (Weber, 1990) per-
formed on publicly available documents from apparel
and consumer electronic companies. The companies ana-
lyzed were selected based on brand recognition and repu-
tation as having some form of CLSC practices. Sixteen
apparel companies and 14 consumer electronic compa-
nies were chosen for the comparison. We did not single
out a specific consumer electronic product (e.g., mobile
phone) but considered the CLSC practices of the con-
sumer electronic brand as a whole.

Before document collection, we determined factors
for the framework that could lead to different CLSC prac-
tices. The factors were created based on a review of the
remanufacturing literature and the researchers' content
expertise in electronic remanufacturing and the AT
industry. The factors selected are Market Position, Mode
of EOU Product Acquisition, Boundary of EOU Product
Acquisition, and Mode of Circularity. The key differences
between the consumer electronics and AT industries exist
primarily within the Mode of Circularity. The differences
are due to the different approaches to remanufacturing in
those industries (see Appendix A for the content analysis
coding guide).

Document collection was conducted by gathering
descriptive data from the identified company's websites
and their sustainability reports (Stemler, 2000, 2015).
When available, a parent company's sustainability report

FIGURE 1 Flow of goods at three levels of remanufacturing: resale, repurpose, and recycle at material level.
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was collected to give further insight into the CLSC prac-
tices. Additionally, if the CLSC partners such as material
recyclers or third-party acquirers were mentioned in the
documents, the researchers cross-referenced the docu-
ments with those of their CLSC partners.

Prior to document analysis a coding guide was cre-
ated (see Tables A1 and A2 in Appendix A). Two compa-
nies in each industry (selected arbitrarily) were used as a
pilot test and coder training prior to researchers coding
independently (Craighead & Meredith, 2008). The col-
lected documents were analyzed to determine the current
CLSC practices for each selected company based on the
pre-determined factors. Two researchers and two
research assistants carried out the analysis and coding of
the collected materials. Any differences in coding the
material were discussed during the coding process until
full consensus was reached (see Tables B1 and B2 in
Appendix B for examples of coded text).

3.1 | Apparel and textile industry

Table 2 shows the findings from the content analysis per-
formed on the documents from the AT industry. As men-
tioned, CLSC practices have not yet reached maturity in
the AT industry. At this developmental stage, companies
have been trying various strategies. These different rema-
nufacturing strategies appear to be based on market posi-
tion indicating that certain CLSC practices make more
sense based on brand positioning in the market.

We can observe from Table 2 that self and third-party
collection strategies are used equally, with Luxury brands
preferring self-collection of their own products. In con-
trast, Budget brands tend to collect EOU garments from
any brand using a third-party collector. Resale is a com-
mon mode of circularity for brands in the Luxury and
Bridge markets, but not for brands in the Moderate
and Budget markets. This is consistent with the product
attributes of high quality and durability ubiquitous in the
high price point markets. Repurpose in both forms
(upcycle and downcycle) is not a common strategy, most
likely because of scalability problems.

While many brands claim the use some form of
recycled materials, the amount of recycled material in
their products varies a great deal and is not regulated.
Recycled material can be post-use (EOU items) or pre-
use (reuse of scraps from manufacturing) waste. CLSCs
with remanufacturing using a brand's own products
recycled at the material level and then used in
manufacturing new products is observed in only a limited
number of brands and for a limited number of their prod-
ucts. However, the products created using this CLSC
practice are fully circular. For example, Patagonia offers

only one product, the Tee-Cycle T-shirt, that is fully cir-
cular, using their own EOU garments recycled at the
fiber level to remanufacture into the t-shirt (Ram, 2021).

3.2 | Consumer electronics

Table 3 shows the findings for the consumer
electronics industry. Generally, this industry is more
homogeneous in its CLSC practices than AT and there
appears to be no differences with respect to market posi-
tion. This may be due to the e-waste legislations or the
maturity of CE practices within the industry.

The primary mode of EOU product acquisition is
third-party, with only a few companies using self-
acquisition. These companies (e.g., Amazon) have robust
networks allowing EOU acquisition to be feasible. The
preferred boundary of EOU acquisition is brand only,
with only a few firms taking any EOU brand consumer
electronics. In the limited cases when a firm takes back
another brand's electronics, the product will not be refur-
bished but sent to a recycler.

Most companies provide product repairs to extend the
life of the electronics. To our knowledge, in the past,
extending products' useful life by enabling repairability
had not been a typical practice in the electronics indus-
try. However, firms are beginning to design for remanu-
facturing (DfR) to enable easy disassembly allowing
consumers to perform the required repairs. In DfR, the
company would provide repair kits with the necessary
tools and parts. For example, the Fairphone 4 has been
designed to disassemble using a standard screwdriver. All
companies that perform refurbishment at the product or
component level do so on their own devices. This practice
allows the brands to control the secondary market for
their products and gain the associated economic benefits.
The exception is Fairphone, which refurbishes any
brand's device using a third-party. Since consumer elec-
tronics are primarily sold through a retailer, the retailer
can collect the EOU electronics and refurbish them using
a third-party certified through the consumer electronics
brand. This is a way for the consumer electronics brand
to ensure the quality of the refurbished products and con-
trol brand image and reputation.

All consumer electronic brands use third-party recy-
clers to recycle EOU products that are unfit for refurbish-
ment. Apple is the exception, with some recycling
performed in Apple, Inc. facilities using robots programed
to disassemble select portions of the iPhone and extract
raw materials for use in new products. All brands use
recycled materials in new offerings, and there appears to
be no concern for utilizing recycled materials specifically
from the brands' products. This may be due to the material
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components (e.g., aluminum, cobalt) used in the electron-
ics being transferable regardless of original use.

3.3 | Industry level differences

The AT and consumer electronic brands reviewed reveal
industry-level differences in their CLSC practices. Our
review reveals three primary differences: EOU Collection,
Component Modularity, and Material Recycling.

3.3.1 | EOU product acquisition

The first salient difference between the two industries is
the mode and boundary of EOU product acquisition.
Consumer electronics brands, for the most part, out-
source the collection of EOU products to third parties but
maintain oversight in the collection of their products.
EOU product collection is much more fluid in the AT
industry, with brands split between EOU garment collec-
tion using a third-party and performing self-collection
(along with collecting other brands' garments).

3.3.2 | Component reprocessing

Another major difference between the industries is rema-
nufacturing at the component level. Electronics are a
combination of transferable modular parts and compo-
nents that can be taken from one EOU product and
placed in another. This transferability is not readily seen
in the AT industry. The components of one EOU garment
cannot easily be transferred to another; therefore,
component-level remanufacturing as repurposing is not
widely seen in the AT industry.

3.3.3 | Material recycling

The final significant difference at an industry level is the
use of recycled material. Consumer electronic brands uti-
lize recycled materials from any brand. The main concern
is that the recycled materials, such as aluminum or plastic,
have the required properties necessary for the new elec-
tronic. These products are not fully circular as they pull
recycled materials from other CLSCs. Note that we use the
term “fully circular” to indicate that the brand has circu-
larity within its own CLSC. In contrast, a few AT brands
have created a fully circular CLSC for a limited number of
products. These fully circular products made from the
brands own material waste is unique and has a number of
implications for CLSC design and coordination.

4 | AT: CONTEXT-DRIVEN
RESEARCH OPPORTUNITIES

Based on the three salient differences seen at an industry
level (EOU collection, component modularity, and mate-
rial recycling) and the context-specific attributes of rema-
nufacturing in the AT industry, we provide further
discussion and propose future research questions.

4.1 | End-of-use collection

The variation in mode and boundary of EOU product
acquisition between consumer electronics in AT can be
attributed to the differences in legislation between the
two industries (e.g., extended producer responsibility;
Atasu & Van Wassenhove, 2012) and the retail mode
used. The primary EOU garment takeback system used
in the AT industry is an individual producer-operated
system, where the company controls the collection, sort-
ing, and recycling of its products (Atasu & Van
Wassenhove, 2012). In many cases, the AT brands that
utilize self-EOU garment collection have a network of
branded brick-and-mortar stores allowing consumers to
discard EOU garments in-store. This is not the case in
electronics, with most products sold through a third-party
retailer such as Best Buy. Early research suggests that AT
brands that only collect their own EOU garments cannot
set up viable remanufacturing programs due to the lack
of material supply (Morana & Seuring, 2011). However,
brands that only collect their own EOU garments have
better foresight and planning abilities (Savaskan
et al., 2004). Furthermore, due to quality concerns, most
high-end brands want to reclaim their own raw material
(fiber and fiber blends). Research in electronics suggests
that the individual producer-operated system can
create better coordination within reverse flows and
incentives for DfR, but it has so far not been cost-effective
due to the lack of scale economies (Atasu & Van
Wassenhove, 2012). A collective take-back system where
AT brands collaborate to acquire EOU garments can be
more cost-effective for brands, but it can be challenging
to determine the appropriate cost-sharing approach and
requirements for material quality. Future research should
address the different collection schemes of AT brands and
how they impact remanufacturing in the coordination of
reverse flows, planning, DfR, material quality, and cost.

4.2 | Takeback legislation

As mentioned, the differences in EOU acquisition
between the two industries can partly be attributed to
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extended producer responsibility and takeback legisla-
tion. While there is no current AT takeback legislation
(Kirby & Holger, 2022), the EU is pushing to establish
legislation to encourage recycling so that by 2025 all EU
municipalities will have a standardized collection system
for EOU textiles (Deeley, 2021a). France has state-run
collective systems requiring brands to pay for collecting,
sorting, and recycling EOU garments (Deeley, 2021a). If
the proposed standard EOU collection legislation is
passed in the EU, it could have significant implications
on the economic efficiencies associated with the collec-
tion of EOU garments as well as unintended conse-
quences on product design, as observed in the electronic
industry as a result of the Waste Electrical and
Electronic Equipment (WEEE) legislation (Atasu & Van
Wassenhove, 2012). Due to the recent regulatory push to
monitor AT waste (Kent, 2022a), future research in policy
design for takeback legislation should address how design
for remanufacturability/recyclability can be encouraged if
collective takeback mechanisms are used.

4.3 | Secondhand markets

In AT, different from the secondary markets owned by
the brands themselves, independent secondhand stores
or other similar outlets sell EOU garments of different
brands in a random manner. Secondhand sales do not
seem to cause a threat to the original fashion brands,
except for brands in the luxury market who may be wor-
ried about brand dilution. This is unlike the independent
remanufacturers in the electronics sector who can refur-
bish and sell the same product in the secondhand market
and are considered a threat to the original brand (Abbey,
Blackburn, & Guide, 2015). The main reason seems to be
the relative uniqueness of the textile products. A certain
model for a smartphone will be standard with similar
product attributes and can be collected in reasonably
high volumes. In contrast, a specific fashion brand prod-
uct will show high variability among attributes such as
size and color. This makes acquisition of EOU garments
for a specific style in high volumes much less viable.
Even a common garment like jeans will have many attri-
butes, and chances of all possible assortments of the same
jean ending up in the same secondary outlet are very
low. Therefore, unlike the electronics industry, there is
no market expansion or cannibalization effect. Tradition-
ally, there is a high fragmentation of collection systems
like thrift shops and consignment stores, and many EOU
garments find their way into these outlets. This seems to
present an opportunity for third-party collectors
to exploit but will still be limited to more standardized
products. Independent third-party collectors may not

threaten lower price point brands since they do not seem
interested in resale. Although, this practice is outside the
brand's CLSC, it helps reduce waste and its environmen-
tal impacts. Further research is needed to explore the via-
bility of an independent third-party collection for
secondary resale and whether or not it threatens the origi-
nal brand.

4.4 | Design for Remanufacturing

Based on the sample of electronic firms in the content
analysis, many firms design products for durability, to be
easily disassembled for simple repair, refurbishment, and
recycling by using modular components as noted in their
firm's sustainability reports. It appears that DfR within
consumer electronics is similar across all levels of rema-
nufacturing. Within the AT industry, DfR varies depend-
ing on the level of remanufacturing or the mode of
circularity employed. For example, if a firm employs
resale, their design approach should be for durability—to
extend the product's useful life. In AT design for durabil-
ity is in direct conflict with design for disassembly (H&M
Group, n.d.). Durable garments are more labor-intensive
to disassemble, making upcycling costly (Ashby, 2018).
Additionally, design decisions regarding the material
make of garments have implications on recyclability
(Blum, 2021) and scalability. Material selection for effec-
tive recyclability is a crucial design decision as will be
discussed in more detail in the next section. The segmen-
tation of design decisions with respect to the mode of cir-
cularity practices can explain why many AT brands do
not utilize all modes of circularity practices. Doing so
would lead to conflicting product design approaches. The
different design approaches based on the mode of circu-
larity would seem to directly affect CLSC integration and
economic benefits to the firm. Additionally, if AT firms
only utilize one mode of circularity, say extending the life
of products through resale, environmental concerns such
as carbon emissions and textile waste may not be prop-
erly addressed. Future research should address the firms'
choice of circularity practices considering the design trade-
off in product quality, durability, and recyclability along
with the associated costs and environmental impact.

4.5 | Material recycling

The most significant problem in AT industry from a sus-
tainability perspective is reducing the amount of textile
waste sent to landfills. The bulk of textile waste are EOU
garments that have not been collected (i.e., discarded by
end consumers) or cannot be put to better use. Unlike
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the electronics, automotive, and appliance industries, the
EOU garment or other textile products do not include
valuable material to be extracted or components to be
reused. This means all the material may be recycled at
the lowest bill of material (BOM) level and used to pro-
duce entirely new products, leading to significant savings
in virgin material use.

Textile recyclers in AT CLSCs receive EOU products
from collectors and brands, recycle them at the lowest
BOM level, and send the material produced back to the
brands for use in forward manufacturing. This mirrors
the collection and recycling of aluminum cans to be used
in the making of new aluminum cans for beverage manu-
facturers. However, fashion brands who create fully cir-
cular garments are significantly more stringent about
their input material. Therefore, when they use recycled
material, they want to ensure that the recycled material
is from their own products. This makes coordination
between the fashion brand and the recycler imperative.
Future research should investigate if and when to imple-
ment vertical integration between brands and textile recy-
clers as well as optimal contract design between them.

A significant barrier for textile recyclers in AT is the
materials used in manufacturing. The materials used in the
original garment, whether a mono-fiber or a blend, have
implications on recyclability and use in new product offer-
ings. There are mainly three types of material used in prod-
ucts: cellulose material (e.g., cotton, wool, silk), synthetic
material (e.g., petroleum derivative nylon, acrylic), and
mixed materials (e.g., cotton polyester blend). From a recy-
clability perspective, mixed materials are the most problem-
atic. For example, spandex fiber (e.g., Lycra) is commonly
mixed with cotton and cannot be separated when recycled.
Technology development for better materials to substitute
for today's synthetics to make recycling viable are relatively
new and not at scale. This limits the use of recycled fiber
materials (Pentatonic, 2022). From an environmental stand-
point, the best approach would be designing the end prod-
uct for remanufacturability both in terms of material
content and variability in attributes. It is, however, up to
the fashion brand to implement a policy for DfR. Unlike
other industries, textile recyclers may have more impact on
the brands since they are the suppliers of the recycled mate-
rials. A recycler may ask for specifications for the EOU gar-
ments to be recycled and motivate the brand to DfR. In
connection with takeback legislation, whether or not a recycler
may have a voice in the material used by the fashion brand
presents an interesting research question.

The industry level differences between AT and con-
sumer electronics shed light on the need to develop rema-
nufacturing insights that are industry specific. We have
put forth six future research questions for CLSC practices
in the AT industry. Given the forecasted growth of the
AT circular market (Business of Fashion, 2022) and

the possibility of extended producer responsibility legisla-
tion (Deeley, 2021b; Kent, 2022a) the time is right for the
development of context specific AT remanufacturing
knowledge and solutions.

5 | CONCLUSION

This study has laid the initial framework for the current
CLSC practices within the AT industry and highlighted
industry specific challenges for circularity. Through con-
tent analysis of company sustainability reports we show-
cased the industry level differences between the AT and
consumer electronics CLSC practices. The most salient dif-
ferences being at the mode and boundary of EOU acquisi-
tion, component level reprocessing, and material level
recycling. The results of the content analysis indicate the
fluid state of the AT industry in terms of best strategies
and practices for CLSCs. The CLSC and remanufacturing
practices within the AT industry offer unique challenges
focused on DfR, demand and supply flows of EOU gar-
ments, future extended producer responsibility legislation,
the role of and possible vertical integration of the third-
party collector and the material recycler with the fashion
brand. Based on the differences, industry specific practices
are appropriate given the unique factors present in each
industry. As demonstrated in this paper, there is no “one
fits all” approach for remanufacturing. It is important that
CLSC research address the context specific differences and
challenges individual industries present. Due to the
infancy of remanufacturing within the AT industry and
the expected market growth, research focused on AT
remanufacturing is fertile research grounds that has the
ability to shape practice in profound ways.
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TABLE A2 Consumer electronics content analysis coding guide.

Factor

Subfactors

DescriptionFirst-level
Second-
level

Market position High end Brand is characterized by a high level of quality, exclusivity and high price
points.

Mid-range Brand targets mass-market and is characterized by value-blend of features
and prices.

Low end Brand is characterized by a low level of quality, and low price points.

Mode of EOU
acquisition

Self Electronics brand has a take-back program that they manage themselves.
Customers can mail back to the company.

Third-party Electronic brand has a take-back program that is managed by a third-party
acquirer. Customers can mail electronics to third-party or drop off at a
retail location (e.g., Best Buy).

Boundary of
EOU
acquisition

Brand only The brand has a take-back scheme managed by the brand, will only accept
their own electronics.

Select brands The brand has a take-back scheme managed by the brand, will accept their
own electronics & a few select brands.

Any brand The brand has a take-back scheme managed by the brand, will accept any
brand of electronics.

Mode of circular
economy
practices

Product repair EOU electronics are repaired by the company (not third-party or customer)
to new/almost new quality and the original user continues to use the
electronic.

Product/component
level reprocessing

Brand only Brand receives EOU branded electronics that are then disassembled; worn
or defective parts replaced, clean, tested, and reput together by to be sold
in a secondary market.

Any brand Brand receives EOU electronics of any brand that are then disassembled;
worn or defective parts replaced, clean, tested, and reput together by to be
sold in a secondary market.

Self Product or component level reprocessing is performed by the company/
within facilities owned by the company. Refurbished items will be sold in
a secondary market controlled by the company.

Third-party Product or component level reprocessing is performed by a third-party.
Refurbished items will be sold in a secondary market controlled by the
company.

Recycling Self The brand collects e-waste and recycles products in own facilities.

Third-party The brand sends EOU electronics that are not resale-able to certified e-waste
recycler. The recycler breaks down the material and recycles it.

Use of recycled
material

Brand only Brand uses recycled material for the creation of new products regardless of
the original use.

Any brand Brand used their branded recycled material for the creation of new products.
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