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Abstract

Fashion is one of the most important industries in the world. It is complex chain and in-
volves other industries in its processes, making it difficult to make a complete comparison
in terms of pollution and socio-environmental impacts with other sectors. Socio-environ-
mental sustainability is a relevant variable for fashion consumption, currently consumers
demand greater transparency from companies, seeking to know where, how and who
produced the product.

The main objective of this research is to propose the use of smart tags for textile prod-
ucts, containing information on the steps and processes involved in the production of the
textile article, in addition to guiding users and manufacturers in the post-use and recycling
step as strategy to reinsert these products into a new production cycle.

The knowledge of the impacts of the processes inherent to this extensive chain, the need
for production transparency, performance and lifecycle of these products are important

to establish not only management policies and reduction of disposal of post-use textile
products, but also the interface with an increasingly conscious, demanding and engaged
consumer.
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1. Introduction

From the prevailing logic of production and consumption in
the Fashion system, environmental and social problems on

a world scale have emerged. Based on productive systems of
linear economic orientation (extract-transform-use-discard),
the textile and clothing industry is one of the main respon-
sible for large-scale consumption and misuse of natural re-
sources (Clark, 2008; Fletcher, 2014; Roy Choudhury, 2014).
Faced with this scenario, we are driven to seek solutions for the
textile and clothing sector that can subsidize not only new pat-
terns of production and consumption, but also more efficient
textile waste management systems, based on a circular economy
model. By definition, the circular economy is related to a sus-
tainable cycle, from production to the reinsertion of the raw ma-
terial for the manufacture of a new product (Avila et al., 2018).
One way to connect the chain and supply information about
the textile material produced is through the use of Smart
Tags: tools that create traceability of the production process,
connect the entire chain, in addition to allowing the user to
access product information and how it was produced. In the
disposal phase of this material, it is possible to identify the
raw material that was used and thus return the product to the
production cycle in an appropriate manner.

In this context, the main objective of this research is to pro-
pose the use of smart tags (Smart Tags) for textile products,
containing information on the steps and processes involved
in the production of the textile article, in addition to guiding
users and manufacturers in the post-use stage, applying recy-
cling as a strategy to reinsert the discarded articles in a new
production cycle.



2. Technology, Information and Communication Tools
Technology occupies a large part of modern life; we live in a
networked society, in which information is considered the raw
material of social systems. Currently described by Castells
(1999) and Bauman (2001) as a networked society that takes
advantage of the global highway, telecommunications, vir-
tuality culture and breaking the models of time and physical
space so that individuals are able to perform multiple tasks.
Castells (1999) describes the existence of a rapid Information
and Communication Technologies (ICT) diffusion and that
information is considered a raw material of social systems.
Production systems are changing due to a new industrial revo-
lution underway. Having access to information and data does
not necessarily mean that this content is representative and
reliable (Desouza & Smith, 2014). The main challenge of this
system is the creation of a mechanism that links data from
different sources and that allows the real-time transmission of
results from one module to another to create a database. Kam-
rani (2008) states that this is a problem that requires a quick
solution, mainly due to the need to maintain relationships and
dependencies between the different types of data collected.
Smart tags are microchips that can be attached to products
to allow their contactless identification using radiofrequency
(Feldhofer, 2004). Associated with an enterprise information
systems architecture, it can play an important role as a solu-
tion for a hybrid enterprise information systems architecture,
consisting of IoT applications and a blockchain supporting
transaction services within a global clothing business with
several parts connected to the network. 10T is a smart global
network of interconnected objects, which through unique ad-



dress schemes can interact and cooperate with their business
partners to achieve common goals. Data obtained from IoT
applications throughout the apparel business processes can
greatly facilitate operational and consumer decision making
(Pal & Yasar, 2020).

3. Fashion Chain: Production Processes and Social and
Environmental Implications

The fashion production chain, unlike other value-added
chains, has a large number of stages in the process, carried out
by different successive industrial units. As shown in Figure 1,
it comprises the following steps: fiber production, spinning,
weaving/knitting, textile processing, clothing, wholesale/retail
sales, use/consumer and disposal (Tobler-Rohr, 2011a).

Figure 1. Flowchart of the fashion chain, main environmental and social impacts in fashion chain, adap-
ted from Farias (2016).



Several of these units operate in a disintegrated manner,

with different stages developed by different companies (To-
bler-Rohr, 2011a). The complexity and fragmentation of this
supply chain thus inevitably leads to a lack of transparency
about the various stages involved in the manufacture of prod-
ucts and their potential environmental and social impacts
(Roy Choudhury, 2014).

For the production of a simple clothing piece, it is necessary
to trigger a large number of production processes that can
generate more or less significant impacts. In the production
of fiber, problems stand out both in the agricultural activity
associated with the use of fertilizers, herbicides and insec-
ticides, and by the extraction and conversion of oil for the
manufacture of synthetic fiber (Fletcher, 2014, Slater, 2003,
2008; Tobler-Rohr, 2011b). In yarn production, environmental
effects include those caused by chemicals used in washing,
cleaning, bleaching, along with the emission of gases from
drying machinery, opening and carding operations (Slater,
2003; Tobler-Rohr, 2011b). Similar problems are observed in
the textile production, where chemicals, fiber residues and
noise are also present. Finally, the stages of the finishing
process concentrate most of the known impact activities, es-
pecially the dyeing and printing processes, which result in the
contamination of a huge volume of water by products discard-
ed such as toxic and/or carcinogenic dyes and other chemicals
(Roy Choudhury, 2014, Slater, 2003; Tobler-Rohr, 2011b).

It is important to note that, in addition to the problems men-
tioned, all material derived from the production of the textile
and fashion chain industries, is generally discarded and caus-
es impacts on the environment.



Lorenzetti (2018) reports that the textile sector in general pro-
duces little material waste in relation to its production, with
many companies already reprocessing wastes. However, the
manufacturing stage discards an average of 10% of all fabric
used only in the cutting process.

When the product is in use, one of the most critical issues is
its premature disposal, either due to its low quality, or be-
cause it no longer meets consumer requirements, for example,
those motivated by fashion trends (Slater, 2003). Studies car-
ried out in recent years show that for the fast-fashion model
to support itself, the production of clothing has doubled in the
last fifteen years and the average number of times each item
is used has decreased by 36 %.

4. Circular Economy: Concepts and Definition

The productive process of the circular economy model con-
templates the reduction, reuse, recovery and recycling of
materials, in a sustainable cycle from production to the rein-
sertion of raw material for the manufacture of a new product
(Avila et al., 2018). Figure 2 illustrates this model.

According to Pearce and Turner (1990), the concept of circu-
lar economy was conceived in the early 1990s; in this model
there are no discards of materials or products produced, the
destination and recycling of waste is defined in all stages

of the process. Production process, from product design to
post-consumer disposal. Leitdo (2015) adds that the model is
based on nature itself, it is implemented through innovation,
design and processes that aim to reduce the consumption of
raw materials, energy and water.



Figure 2. Circular production model, circular production dynamics with phases and gates, adapted from
Stahel (2016).

The circular economy model and the concepts Cradle-to-Cra-
dle (C2C) or Life Cycle Assessment (LCA) can be used as a
strategy to reinsert the waste generated by industries in a new
cycle, reducing its impact on the environment.

4.1. Circular Economy in the Fashion Chain: Problems of
Post-use Disposal

In view of the environmental problems of the textile and appar-
el chain, associated with the consumption dynamics imposed
by the fashion systems (such as fast fashion), many processes
and inputs used in the fashion chain have been reevaluated

and new production and consumption alternatives have been
exploited (Fletcher, 2014), spreading the concept of conscious
consumption more widely. There is also an engaged consumer



whose purchase is determined by a rigorous choice process.

A Fashion product that follows the dynamics of technological
developments and, at the same time, is manufactured from a
new business model that prioritizes social, environmental and
functional aspects, is a way to allow the union of these scenari-
os and meet the demands of both the producer and consumer.
The fabrics used in garment production are generally produced
by weaving and knitting techniques, that can be of natural
origin - made from fibers obtained from renewable sources
and decompose quickly in the environment - or produced from
natural polymers, renewable raw materials that decompose
quickly in the environment or from synthetic polymers, mostly
petroleum-based, and take decades to decompose in nature.
To change the linear economic model to the circular model

in the textile and apparel chain, it is necessary to intervene

in all its production systems. The textile fibers production is
one of the biggest challenges of the sector, because instead

of removing the raw materials from the nature it will be nec-
essary to recycle textile products discarded by consumers. In
this way, the textile articles can be transformed into recycled
fibers, that will be used in the manufacture of the recycled
yarns, and in the production of fabrics.

According to Fletcher and Grose (2011), the improper disposal
of textile waste causes climate change, adverse effects on water
and its cycles, chemical pollution, loss of biodiversity, exces-
sive or inappropriate use of non-renewable resources, negative
effects on health and harmful social effects on producing com-
munities. The Ellen MacArthur Foundation (2017) points that
about 100 billion clothes were produced in 2015, approximately
70% of these clothes were discarded in landfills or incinerated.



4.2. Circular Economy in the Fashion Chain: Recycling

and Reuse

Discarded textile articles can be used in the manufacture of recy-
cled yarns, through mechanical or chemical recycling processes.
In the mechanical recycling process, the articles discarded at
the collection points are sent to recycling cooperatives where
the following steps are carried out:

e Sorting: to separate the types of materials used in the
manufacture of the items;

e Cleaning: the articles are washed and dried in a industrial
machine;

e Disassembling: the textile material is separated from the
accessories (zippers, buttons, other materials, etc.);

e Fragmentation: the fabrics/knits are perforated to stand-
ardize the material to be recycled. The machine used for
the fragmentation stage has metal detectors and perforates
entire garments.

The perforated material is processed by a textile shredder
machine, to transform the confection scraps into recycled
fiber, which will be sent to the spinning mill and used in the
manufacture of a new product (Amaral, 2016). In the chemical
recycling process, the fabrics are perforated, dissolved and
recovered, then sent to chemical spinning to be transformed
into new fibers (Fletcher & Grose, 2011).

In this way, the garments discarded by consumers can be recy-
cled using the circular economy model and transformed into
new products; the accessories, separated at the beginning of the
process, are normally used in the manufacture of handicrafts.



5. Proposal for a Smart Tag in the Textile Product

The lack of identification of the origin of the textile raw
material is one of the factors highlighted as barriers to the
implementation of the circular economy in the textile sector
(Mangla et al., 2018). In this sense, the material to be repro-
cessed must be properly identified and stored so that it can
return to the production cycle. In the circular economy para-
digm, consumers should be encouraged to classify each type
of textile fiber before disposal. The low reliability of the
currently labels becomes a relevant factor in consumer par-
ticipation in the classification of the textile (Jia et al., 2020),
requiring a more robust and comprehensive system.
According to Pal and Yasar (2020), the scenario faced by tex-
tile manufacturing companies is challenging due to the vol-
atility, uncertainty and complexity associated with constant
changes in consumer behavior, where demand for lower pric-
es, better service and mobile commerce are constant.

5.1. Smart Tag Guidelines: Consumer

The consumer plays an important role in boosting the appli-
cation of the Circular Economy. This should put pressure on
suppliers to be committed to aspects of economic, social and
environmental sustainability.

For the consumer, access to information on the raw materials
used, companies involved and engaged in socioenvironmental
causes and a closer relationship with the people involved can
generate added value in a given product and an identification
with the brand. In addition, in the context of circular econo-
my, it is important that the consumer knows what raw mate-
rial is used in the production of the textile article to provide



a proper disposal. This can be done with smart tags attached
to the article that communicate with smartphones and dis-
plays in stores, for example. This communication can gener-
ate a connection between the end user and the employee who
worked on the production process of that product.

In this context, the smart tag can be used to provide informa-
tion such as:

e A video containing an employee’s report of the production
process, generating empathy for the consumer, and con-
necting the consumer to those who were involved in the
production process. In this way it is possible to generate
identity with the brand and for the consumer the certainty
that the process is socially correct.

e Information on the raw materials used, allowing the user
to select products that are in accordance with their lifestyle
in addition to guiding the appropriate disposal.

5.2. Smart Tag Guidelines: Manufacturer

With proper identification previously made by the consumer, the
manufacturer is able, more efficiently, to track the use of certain
materials and end-of-use of the textile article so that they return
to the cycle of the circular economy, using the mechanical recy-
cling process or chemistry as described in item 4.2.

5.3. ReUse Textile Recycling: Example of Smart Tag Interface
Based on the guidelines for consumers and manufacturers,
an interface for the Smart Tag was simulated by creating

the application ReUse - Textile Recycling, which indicates
how manufacturers and consumers should proceed with



their clothing and conduct after use and recycling. For this,
the Fabapp® platform was used to create the interface. The
initial presentation of the interface is shown equally for
manufacturer and consumer, as shown in Figure 3.

Figure 3. ReUse Textile Recycling, app home screen for consumer/producer, A. Yumi Sato Duarte, F.
Soares De Lima, R. Santiago De Queiroz, R. Aparecida Sanches.

Figure 4. ReUse Textile Recycling, all app icons that describes each category, A. Yumi Sato Duarte, F.
Soares De Lima, R. Santiago De Queiroz, R. Aparecida Sanches.

Figure 4 shows the application icon (A), as well as the icons
for consumer (B), manufacturer (C), information on Circular
Economy (D) and Textile Industry (E).

When selecting the “Manufacturer” icon (Fig. 5A), there is a
description of the discarded part, specifically the fabric and
origin of the raw material (Fig. 5B). When selecting the “Con-
sumer” icon (Fig. 5C), there is a description of the part to be
discarded and the correct orientation for disposal (Fig. 5D), as
shown in Figure 5.



Figure 5. Manufacturer and Consumer screen, differences between manufacturer and consumer role, A.
Yumi Sato Duarte, F. Soares De Lima, R. Santiago De Queiroz, R. Aparecida Sanches.

The QR Code (Figure 6) can be scanned with a smartphone to
get access to the ReUse Textile Recycling interface.

Figure 6. ReUse Textile recycling, QR Code that can be scanned with a smartphone to access the App, A.
Yumi Sato Duarte, F. Soares De Lima, R. Santiago De Queiroz, R. Aparecida Sanches.

With the information provided by the application through the
smart tag to manufacturers, they will be able to process the
material properly, mainly with a focus on the raw material
that was used. With the information provided to the user, the
user will be able to view data on the article’s production pro-
cess in addition to providing adequate disposal, connecting
the consumer with the entire fashion production chain.



6. Conclusions

The fashion chain, following the linear model, has a large
production capacity and is responsible for the disposal of

a significant volume of solid textile waste and other inputs
resulting from its production. Part of textile articles are dis-
carded by post-use consumers at textile material collection
points, and the other part is discarded directly in the environ-
ment, generating numerous negative effects. With the use of
the circular economy model, the textile garbage discarded by
consumers will be transformed again into textile fibers, to be
used in the manufacture of new products, without removing
raw materials from nature and with reduced consumption of
water, energy and chemicals in the production process.

Having knowledge of the impacts of the processes inherent
in the fashion chain, the need for transparency in the produc-
tion, performance and life cycle of these products becomes
important to establish not only policies for the management
and reduction of textile waste, but also the interface with the
consumer each increasingly aware, demanding and engaged.
In this sense, for a greater integration of the chain it is nec-
essary that the information of the processes and components
are available, the use of smart tags being a proposal for mak-
ing the information available, both for consumers and for
manufacturers, for guidance in the post-use stages and dis-
posal of textile articles.
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