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Abstract Brazil is one of the largest world producers of textiles and clothing. It is
an important producer of cotton fiber, yarn, plain and knitted fabrics. This stimu-
lates the country’s GDP generating millions of direct and indirect jobs in this sector.
However, such activity generates various environmental problems, such as the
generation of solid wastes from textile and clothing industrial processes, as well as
the post-consumer clothing, which are discarded commonly in landfills. Thus, the
present study presents considerations about mechanical processes for textile recy-
cling, recycled cotton yarn and jeans characteristics, the generation of solid wastes
in textile and clothing Brazilian industry and the actions directed toward sustain-
ability. The textile reuse and recycling may contribute to the reduction of envi-
ronmental problems, in addition to being economically viable source of income and
social benefits for all involved in this chain, from street collectors to the industrial
sector.
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Introduction

Besides being a major producer of goods and services in sectors such as agriculture,
mining and petroleum (Mattos 2006), Brazil is also one of the major world
manufacturer of textiles: the fifth largest producer, with a production of about
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1.8 million tons of made-up articles (IEMI 2014) and also the 5th largest producer
of cotton (ABIT 2011), one of the most employed natural fiber in the world, with
which are made 60 % of the garments in the country (Mello et al. 2007; ABIT
2011). The country ranks 7th in the production of yarns and woven fabrics and the
3rd in the production of knitted fabrics (Finkler et al. 2005), as well as generating
8 million of direct and indirect jobs (Neuls 2012).

According to IEMI—Institute of Studies on Industrial Marketing (2014), spe-
cialized in research and analysis of textile and clothing sectors, in 2013 the textile
and clothing chain produced about R$ 58.2 billion (near 20 billion €), equivalent to
5.7 % of total Brazilian industrial production, disregarding the activities of mining
and construction, which complement the secondary sector of Brazilian economy. In
2013, the textile and clothing sector had 1.6 million of jobs or the equivalent of
16.4 % of the workers at the industrial production in that year, proving to be a
strong social impact segment—by employing a huge number of women and
workers with lower qualification—and economic, since their production centers are
extended nationwide.

São Paulo State is the main industrial producer and employer in Brazil, pre-
senting all the segments of textile chain. The companies located in this State rep-
resent 29 % of the national total and employ about 30 % of people (more than 500
thousand) in comparison to whole Brazilian textile chain in 2010 (out of 1.6 million
people) (IEMI 2014).

Even bringing economic benefits to the country, on the other hand the textile and
clothing sectors creates many environmental problems. Along the textile and
clothing chain there are several operations generating solid, liquid and gaseous
wastes. For instance, since the cotton ginning up to generation of sludge in bio-
logical treatment of liquid effluents (Sinditêxtil-SP 2009). However, the main focus
of this paper is about solid wastes generated by mainly the Brazilian clothing
industrial sector.

Mechanical Processes for Textile Recycling

The textile recycling can be classified depending on raw materials to be repro-
cessed, resulting in the use of different production lines and specific processes to
obtain the final products. They can be divided into: mechanical recycling, chemical
recycling; thermal recycling and mix of technologies (Groupe CTT and ITS 2014).

Mechanical recycling is the most found, because it can process textile wastes of
various compositions. Both virgin and recycled fibers can further employed in
known yarning or nonwoven processes. However, textiles wastes, consolidated in
the form of articles or fabrics, should be previously separated by composition and
color (or not, depending on the final product to be obtained) and then be shredded in
a specific machinery (Zonatti 2013; Zonatti et al. 2015).

The activity of the textile recycling emerged in the Prato city (Italy) in the
mid-nineteenth century with the recovery of wastes of wool (Camera di Commercio
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Prato 2014). It is characterized as the practice or technique in which wastes and
leftovers from industrial processes, clothing manufacturers or from disposal of post
consumption items can be reprocessed with a treatment to change their physical
and/or chemical characteristics. They can be classified into (Sinditêxtil-SP 2009):

(i) recycling within the process: it allows the reuse of the wastes as raw material in
the process that caused their generation (for instance, in the industry of home-
wear articles);

(ii) recycling out of the process: it allows the reuse of the wastes as raw material in
a different process from which that caused their generation(for instance, the
employment of textile fibers for composite production in automotive industry).

Wang (2006) stated that the recycled fibers are produced in a secondary cycle
processing. To obtain them, there are mechanical processes on the textile wastes.
Conventionally, the waste is pre-treated by means of cutting or separation and then
transported to undergoing the proper recycling, transforming the consolidated
material into individual fibers.

Generally the mechanical textile recycling process is as follows: pecking of
textile wastes (to decrease the size and maximize the uniformity of the scraps) and
subsequent shredding this material by pricked cylinders (generally 3–6, wherein the
number of needles increases in each next cylinder in the process). Subsequently, at
the industrial level, connected to these first steps it can be, for example, nonwoven
continuous production lines, production of composites by airlay process or others.

The mechanical recycled fibers have lower lengths in comparison to virgin ones,
but it is difficult to clearly define their other characteristics compared to materials
produced from primary fibers. According to Gulich (2006a, b), processes and
equipment conventionally used for measuring the characteristics of textiles are not
very helpful when applied to recycled fibers. This is due to the mixture of recycled
fibers, which are not homogeneous and/or they can be of the same composition
(for example, 100 % cotton wastes), but with different origins and also different
qualities.

Recycled Cotton Yarn and Jeans

Regarding yarn characteristics, it is known that the elongation, tenacity and irreg-
ularities are the most important parameters indicating its quality (Araújo and Mello
e Castro 1986). Halimi et al. (2008) studied comparatively recycled cotton and
virgin cotton yarns. This study demonstrated that the tenacity of recycled yarn
decreased 26.3 % when 100 % of waste as raw material was employed (Fig. 1). The
tenacity decreased only 11.6 % when only 25 % of waste mixed with 75 % virgin
fiber was employed. In addition the yarn regularity was not affected until the
proportion of 25 % of waste material. However, when the cotton waste content was
above 25 %, the effect on the yarn irregularity was considerable. According to the
literature (Klein 1993; Jackowsk et al. 2002), the yarn elongation is mainly related
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to the properties of the raw material. According to Halimi et al. (2008), when the
waste material in the yarn is 25 %, its elongation decreased 1.6 % in relation to the
yarn composed exclusively of virgin raw material. In this way, it can be concluded
that the introduction of 15–25 % of cotton waste material in yarn does not affect
significantly the tenacity, regularity and stretching, fundamental properties
regarding quality, reliability, comfort, dyeing, among others.

Duarte (2013) evaluated the characteristics of fiber jeans mixed cotton and
recycled polyester compared to CO/PET conventional jeans, as the environmental
impact in textile production, as well as the durability of its materials. To evaluate
the durability of jeans physical tests of resistance to elongation and tensile strength;
tear resistance; and pilling, according to NBR 11912, ASTM D 2261-11 and ISO
12945-1, respectively were conducted. It was also evaluated two prototypes of
pants, with each type of jeans, subjected to intensive wear and washes every
30 days. Regarding the results obtained, the environmental impact assessment
showed that the production of jeans with recycled fiber consumes fewer resources,
such as water, energy and chemical inputs than the production of conventional
jeans. On the other hand, mechanical strength tests and wear test showed that the
CO/PET recycled jeans is less durable than the jeans made by conventional man-
ufacturing. The materials and prototypes evaluated were contextualized in scenarios
of sustainability and fashion. This author concludes that the jeans with recycled
fibers is suitable for hyper technological scenario and fast fashion, while the con-
ventional jeans is appropriate for the scenario of slow fashion and hyper culture.

The Generation of Textile Wastes in Brazil

Countries as China, Bangladesh and India, among others, are major exporters of
apparel, mainly to developed countries of the European Union and United States,
which in their turn do not need to hardly deal with the environmental problems

Fig. 1 Visual appearance of
denim fabrics: a made from
100 % virgin cotton fibers;
b made from 100 % recycled
cotton fibers. Source
Photographs taken by authors
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arising from industrial textile and clothing production, but with the problems related
to the disposal of garments by individuals after their use. This justifies the fact that
there are more scientific reports and international bibliographic references focusing
on the reuse of clothing items than the textile physical recycling, since the textile
waste generation is a more important issue for developing or underdeveloped
countries, which has the largest textile industries worldwide.

Thus, one of the main environmental problems of the textile chain in Brazil is
the generation of solids wastes from industrials processes, clothing manufacturers
and also the post-consumption, being the waste generation of clothing industries the
most significant of all (Zonatti 2013; Zonatti et al. 2015).

Only one reference was found (Sinditêxtil-SP 2013), which states that Brazil
produces 175,000 tons per year of solid wastes from its textile and clothing
industries, being mostly scraps from clothing industries. More than 90 % of these
scraps was discarded incorrectly in landfills. This reference also report the situation
in neighborhood of Bom Retiro, located in São Paulo city. In this neighborhood are
installed 1200 clothing enterprises (60 % large generators), which dispose 16 tons
per day of waste textiles and this amount represents 2 % of scraps generated
annually in Brazil.

In the case of clothing industry, the generation of solids wastes comes from the
spreading and cutting processes. According to Ribeiro and Andrade Filho (1987),
the spreading is characterized by the provision of the fabric in superposed layers,
according to a predetermined schedule. For spreading the fabric, the operator lays it
successively on the cutting table and over all place the risk marker paper. Then the
cutting machine work follows the lines present in this risk marker paper. Between
the pieces destined to be sewn, scraps left over and can overcome the proportion of
10 % in relation to the surface of all fabric layers (Fig. 2a and b).

Representing this Brazilian problematic the neighborhoods of Bom Retiro and
Brás (São Paulo city) are important textile centers in São Paulo and large generators
of solid waste, which is incorrectly discarded (Zonatti 2013; Zonatti et al. 2015).

Fig. 2 Textile wastes samples: a textiles residues from spreading and cutting of fabric layers of
sorted colors and b mixed textile scrapes from clothing industry. Source Photographs taken by
authors
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Only in Bom Retiro 25 % of all Brazilian garment production is generated (Yázigi
2006). There are so few cooperatives working with this industry (IPT and SEBRAE
2003) and the wastes are minimally availed by issues of logistics, transportation and
due to the poor infrastructure of these cooperatives, which do not have physical
space to store large amounts of scraps. Within this perimeter are estimated per day,
originated by the clothing manufacturer sector, 16 tons of textile waste from Bom
Retiro area and 10 tons near Republic of Korea Plaza in Brás according to the
enterprise LOGA—Environmental Logistics (2014), which collects solid wastes
from São Paulo city. From a total of 100 % of trash solid residues, 50 % are
estimated to be scraps of fabric, and from this, about 10 % are not synthetic and
90 % of synthetic fabrics such as polyester and minority polyamide (Sinditêxtil-SP
2013). Still, according to LOGA (2011), all collected fabric scraps end up in
landfills. Informally in the metropolitan region of São Paulo city 50 tons per day of
textile scraps and discarded garments were estimated.

Despite the large amount of textile wastes not employed and discarded in
landfills, on the other hand, in 2012 in Brazil 9,829,928 Liq. kg of textile scraps and
residues composed by silk, wool, cotton, man-made fibers, were imported. This is
equivalent to US $ 11,421,644 (FOB—Free on Board). This fact shows that there is
a great demand for textile waste aiming recycling and for various purposes, such as:
production of blankets (for industrial and geotextile applications), coatings, com-
posites for industrial and civil construction, fillers, production of yarns and strings
among others (Sinditêxtil-SP 2013).

It is observed that the Brazilian market involved with textile reuse and recycling
prefers to import instead to use the national textile waste available in abundance,
due to a number of problems related to mismanagement of this material, such as:
mixture of different raw materials and its difficult separation (Fig. 3a–c), various
types of dirt mixed to the waste (Fig. 3d), lack of tax incentives related to the textile
recycling, little qualified and specialized workers in this segment, few references
and research that propagate the knowledge in this area, among others. Despite of the
existence of an incipient little national market for textile wastes (mainly focused in
scraps made of cotton—for mechanical recycling aiming automotive applications;

Fig. 3 Problems encountered in the textile recycling: a special fabrics with metallic threads, b mix
of metal or metallic materials, c mixed of elastic materials and d different types of papers and dirt
mixed with textile residues. Source Photographs taken by authors
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and polyamide—for thermal recycling aiming automotive and technical applica-
tions), it is emphasized that besides to still disregard the domestic textile waste from
textile and clothing industries, the Brazilian market for textile reuse and recycling
also disregards the potential integration of discarded garments by individuals after
consumption, due to the lack of studies and data aiming technical possibilities, for
example, either the absence of a strongly reverse logistics established for this
specific case.

Incipient Brazilian Actions Toward the Sustainability

In 2010 the National Policy on Solid Wastes (NPSW)—Law 12,305—August 2,
2010—was approved. From there Brazil can regulate issues related to solid wastes.
According this regulation the trash is classified as: (i) wastes with potential of being
availed through reuse or recycling; and (ii) rejects, which cannot be reused or
recycled. The Law content ranges from conceptualizations about solid wastes, the
instruments of legal interference, their management, company responsibilities and
other issues that allow intervention in the matter of solid wastes (Brazil 2010;
Brazilian Environment Ministry 2015).

An example of application of NPSW in the industrial clothing sector was in the
case of Londrina city (Paraná State, Brazil), notorious polo of clothing manufac-
turers in the south part of the country. In this city textile scraps were disposed
indiscriminately in public spaces, “passing” the responsibility for these wastes (and
the consequences of environmental degradation) to the population. Since 2011 the
clothing manufactures were heavily audited, held accountable and penalized, in
reason of the prosecution proposed by “Protection of Environment of Londrina”
and “Environmental Institute of Paraná” resulted in a joint recommendation to
regulate the management of solid wastes in that city (Public Prosecution of
Brazilian State of Paraná 2011).

As pointed before, the neighborhoods of Bom Retiro and Brás, located in São
Paulo city, represent important textile centers. Only in Bom Retiro, the revenues of
the district reaches, approximately, R$ 6 billion (near 2 billion €) a year. The
wholesaler clients are originated from all over Brazil, Latin America and Africa—
approximately 70,000 shoppers a day (Yázigi 2006). However, these clothing
manufacturers are also major generators of solid wastes (Zonatti 2013). Routinely,
employees of thousands of clothing manufactures discards bags mixing ordinary
trash with fabric scraps on the streets (LOGA 2011; Sinditêxtil-SP 2013). Almost
the totality ends up in landfills, but before the trash collection performed by
enterprise LOGA, it is common street collectors to open these bags, select the
textile wastes with higher market value (cotton fabric and jeans scraps followed by
scraps of other compositions and larger dimensions) and leave spread the rest of the
garbage/waste on public streets, generating pollution, clogged drains, floods and
other environmental and social impacts (Sinditêxtil-SP 2013).
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Directed to the clothing industrial sector there is no governmental institution-
alized policies regarding Reverse Logistics, cooperatives, social inclusion of street
collectors or other relevant actions regarding the industrial clothing segment neither
in São Paulo city or in any other part of the country. In addition, there is no concern
or Brazilian public policy about the issues related to harmful chemical elements or
biological agents in fabrics that can be hazardous to human or animal health due the
contact of textile with the body skin or about the contamination of the soil after their
discard.

As pointed before, there is an incipient and increasing private and increasing
recycling sector in Brazil, mainly focused in scraps made of cotton—for mechani-
cal recycling aiming automotive and other applications; and polyamide—for thermal
recycling aiming automotive and technical applications. Regarding post consump-
tion garments, exception some private thrift shops or few non-governmental orga-
nizations dedicated to reuse and donation of garments, there is no institutionalized
actions and the most part of apparels ends up in landfills as ordinary solid trash.

In the neighborhood of Bom Retiro (São Paulo city) a pioneer project called
“Retalho Fashion” is still in implementation. The “Retalho Fashion” is headed by
“Sinditêxtil-SP—Union of Industries of Spinning and Weaving of São Paulo State”
together with “ABIT—Brazilian Association of Textile and Apparel Industries”,
“Francisco Matarazzo school—SENAI—National Industrial Learning Service”, the
“Chamber of Shopkeepers of Bom Retiro” and the “Municipality of the São Paulo
city”. This project aims to develop a waste management plan, organizing and
facilitating the collection of textiles wastes in the neighborhood, seeking to preserve
the environmental and to generate skilled occupation, creating socially fair working
conditions for workers who depend on this means of livelihood and restoring the
environmental and cleaning conditions of the area involved (ABIT 2012;
Sinditêxtil-SP 2013; São Paulo City Hall 2014).

Thus, the “Retalho Fashion” was divided into three stages (Sinditêxtil-SP 2013):

1st Stage Diagnosis of the region; mobilizing the business community; planning
of project execution;

2nd Stage Determination of the necessary infrastructure for implementation of the
project and the demand for textile waste;

3rd Stage Project Implementation.

Currently the project is in the 2nd Stage, in which is scheduled to determine the
minimum needed infrastructure for its consolidation, including the price and rental
of physical space, quotation and purchase of machinery such as forklifts, presses
and industrial scales, among others. At this stage, the project is primarily focused on
manual separation of textile wastes (by color, size, composition, for example)
generated in the Bom Retiro neighborhood. Thus, it is intended to skill street
collectors already in the region, improving the process and, hence, to allocate in a
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way more sustainable way the textile wastes to private recycling companies, in
order to preserve the cleaning and environmental conditions (Sinditêxtil-SP 2013).

Thus, despite current actions are important, it is necessary for the feasibility of
proposals related to NPSW, Reverse Logistics, clear plans and objectives for
managing solid wastes, as well as specific legislation about toxicity and correct
disposal of textiles, to account and declare howmuch is generated, the shared liability
for goods, to encourage the creation and operation of cooperatives, public policies for
social inclusion of street collectors, environmental monitoring and development of
technical and scientific knowledge that will benefit all sectors of society.

Conclusion

Despite of the absence of Brazilian governmental policies related to textile recy-
cling and reuse, excepted NPSW, there is an incipient and increasing private
recycling industry in Brazil employing textile scraps from clothing manufacturers.
Regarding post consumption garments the most part of apparels ends up in landfills.
The implantation of beneficial actions, such as “Retalho Fashion”, are also noticed.
Thus, it is concluded the textile reuse and recycling can contribute to the reduction
of environmental problems, in addition to being economically viable source of
income and social benefits for all involved in this chain, from street collectors to the
industrial sector.
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