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Abstract

from the earth's ecosystem must occur at a pace that permits self-renewal. For manufacturers

and brands, cutting back on water use, packaging waste, carbon footprints, and environmen-
tal impact is a constant goal. Companies have discovered the financial benefits of these sustainable
initiatives. For instance, restricting the amount of materials used in packaging usually lowers the
materials' overall cost. The textile industry makes a substantial contribution to foreign exchange
earnings, global economic growth, and the creation of goods required to ensure human welfare.
There are 300 million workers in the textile industry, many of them are women. In the global ecol-
ogy, natural resources are scarce, so it's critical to use them carefully. Sustainability plays a major
role in this prudent use. To build a better future, brands and consumers must work together. Practi-
cally speaking, choosing greener options can reduce carbon footprints. Another important option is
the circular economy, which emphasizes recycling and minimizing waste. The textile and apparel
industries can no longer be regarded as sustainable simply by using organic ingredients and effi-
cient processes. The fifth least sustainable industry is thought to be the textile and fashion sector,
which accounts for 5.4% of global pollution. From raw materials to completed goods, it has a sig-
nificant negative impact on the environment. Every stage of the manufacturing process generates
waste, so sustainability is urgently needed. Even though natural materials (such as cotton, hemp,
jute, etc.) are thought to be sustainable, producing them calls for a sizable quantity of water and ag-
ricultural land. Most consumers think that using natural textiles helps to preserve the environment.
Various sources, however, present the opposite information and demonstrate how highly polluting
it is to manufacture natural fibre, such as cotton. Synthetic fibre production is dependent on non-
renewable resources, and high-energy machinery is used in the extraction process. Polyester is the
most widely used synthetic material in the fashion industry, and its production necessitates high
temperatures and a lot of water for cooling. The leather industry not only causes harm to animals
but also accounts for 15% of greenhouse gas emissions caused by humans. The tanning process of
leather requires a significant amount of water and chemicals. Research is being done to find sus-
tainable alternatives to current materials to mitigate their negative environmental effects. The ob-
jective of this chapter is to examine and compile the most recent, environmentally friendly, innova-
tive materials and their technologies for the fashion sector. Additionally, an assessment of those
materials' commercial viability in terms of technology and cost will be conducted.

Keywords: Environment, the fashion industry, recycling, textile , Textile waste , sustainability ,
Sustainable fibers , Organic , fibers , Renewable.

The idea of environmental sustainability holds that human consumption of natural resources

tile and fashion industries, which generate enor-
Introduction mous volumes of waste annually. However, what
exactly is waste textile? When clothing is no longer
worn and becomes waste, it reaches the end of the
textile industry's value chain. At this point, the ma-
jor players in the industry have begun to express

Among other things, the coronavirus pandemic
has taught us that society needs to be rebuilt, but in
a more equitable and ecological manner. In order to
accomplish this, we also need to transform the tex-
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interest in recovering sizable amounts of waste and
recycling or reusing it.[1]

Experts rank the oil industry as the primary
source of pollution, with textile waste coming in
second. Romanians purchase 60% more clothing
than they did in the early 2000s, far more than they
actually need, and wear and keep their clothing for
far too short a time. The objects that present our
bodies in public and convey a lot about us—our
personal preferences, the image we want to project
of ourselves, our compliance with social norms, and
perhaps even our social and economic standing—
clothes serve as a symbol of the intersection of the
public and private spheres. A closer look can "see"
how a garment was put together, what kind of fibers
it is made of, how much plastic it contains, how far
it has traveled to get to us, and the appearance of
the factory where it was made. 7,000 liters of water
were even used for something as simple as a pair of
jeans! That's the water a man has consumed for
nearly a decade!

Additionally, 2 billion pairs of jeans are made
annually. In the production process, 2,700 liters of
water are required for a T-shirt! Water is just one of
the materials required to make clothing, though.
According to the industry, 400 billion square meters
of textiles are dyed each year using 1.7 million tons
of chemicals. However, Greenpeace claims that
only 340 billion square meters are really utilized.
The EU, which estimates that between 10% and
20% of the textiles produced are wasted, only vali-
dates the data.[1]

The Clothing Industry's Effect on the Environ-
ment

Among the top five industries that pollute the
environment the most is the fashion industry. This
figure highlights how crucial it is to comprehend
the processes involved in the creation, use, and dis-
posal of clothing. Profit margins are the primary
concern for many businesses, with little regard for
the consequences of producing enormous amounts
of waste. Businesses will go with the less expensive
option if they can reduce the cost of the clothing
without compromising environmental quality. A
significant portion of the issue stems from the fact
that, despite the issue's identification, no steps have
been taken to create regulations that would hold
businesses responsible for their pollution rates. Cus-
tomers are also a part of the issue, not just the busi-
nesses. Because new lines and styles are released
every week, consumers are led to believe that they
are constantly in need of new clothing. We are
taught to view consumption in this way, but most
consumers are unaware of the ways in which this
way of thinking is damaging the environment.
Businesses must alter their production processes to
address this problem, and consumers must become
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aware of the effects on the environment and modify
their consumption patterns.[2]

According to data from the Technical Textile
Markets, the demand for synthetic fibers, particular-
ly polyester, has almost doubled over the past 15
years due to the fashion industry's increased output.
The energy-intensive process of making polyester
and other synthetic fabrics uses a lot of crude oil
and emits pollutants like particulate matter, hydro-
gen chloride, and volatile organic compounds, all of
which can worsen or cause respiratory diseases.
Wastewater from polyester manufacturing facilities
contains volatile monomers, solvents, and other
byproducts of polyester production. According to
the Resource Conservation and Recovery Act, the
EPA classifies a large number of textile manufac-
turing facilities as producers of hazardous waste.

Environmental health and safety concerns are
not limited to the manufacturing of synthetic tex-
tiles. One of the most widely used and adaptable
fibers in the production of apparel, cotton, has a big
impact on the environment. According to the
USDA, this crop makes up 25% of all the pesticides
used in the US, which is the world's largest exporter
of cotton. Subsidies help the cotton crop in the
United States by maintaining high production and
low prices. One of the first cogs in the globalization
of fashion is the large production of cotton at low,
subsidized prices.[3]

The World Method A large portion of the cotton
produced in the US is exported to China and other
nations with cheap labor, where it is processed into
fabrics, cut, assembled, and milled in accordance
with fashion industry standards. The UN Commodi-
ty Trade Statistics database shows that China is now
the world's top exporter of fast fashion, making up
30% of global apparel exports. Pietra Rivoli, a
Georgetown University professor of international
business and author of The Travels of a T-Shirt in
the Global Economy (2005), estimates that Ameri-
cans buy about 1 billion Chinese-made clothes an-
nually, or four pieces of clothing for every citizen
of the country.[3]

The U.S. National Labor Committee reports that
some Chinese laborers earn as little as 12-18 cents
an hour while working in subpar conditions. Addi-
tionally, many emerging economies are vying for a
piece of the global apparel market despite the fact
that doing so may result in lower wages and unfa-
vorable working conditions for employees due to
the intense competition on a worldwide scale that
drives down production costs. The United States is
importing a growing amount of clothing from di-
verse nations like Bangladesh and Honduras.[3]

According to a September 2006 report by con-
sultant Oakdene Hollins, Recycling of Low Grade
Clothing Waste, an estimated 21% of annual cloth-
ing purchases remain in the home after being made,
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increasing the stocks of clothing and other textiles
held by consumers. According to the report, this
stockpiling amounts to a rise in the "national ward-
robe," which is thought to indicate a sizable amount
of latent waste. September 2007, Volume 9, Num-
ber 9. A 450 + Perspectives on Environmental
Health Emphasis | Waste Management Mike
Donenfeld/Shutterstock and Zed Nelson/Panos Pic-
tures, from left to right There is a chance that every
stage of the clothing production process will have
an effect on the environment. For instance, conven-
tionally grown cotton, one of the most widely used
materials for clothing, is also one of the crops that
depends most on water and pesticides (a claim that
is refuted by Cotton Incorporated, a U.S. cotton
growers' organization). A number of toxics may be
present in effluent at the factory stage (see the
waste products from a Bangladeshi garment factory
spilling into a stagnant pond above). These pollu-
tants will eventually find their way into the solid
waste stream. The EPA Office of Solid Waste re-
ports that each American discards over 68 pounds
of clothing and other textiles annually, accounting
for approximately 4% of municipal solid waste.
However, this number is rising quickly.[3]

According to the 2018 Report on Microplastics
by the UN Environment Program, marine plastic
pollution is pervasive and harmful to marine life.
2010 saw between "4.8 and 12.7 million metric tons
of [land-based] plastic" enter the ocean, which had
a detrimental impact on creatures and
ecosystems.[4]

Plastic is mistaken for food by animals, which
can result in poisoning, organ damage, and starva-
tion. When fish consume microplastics, the plastics
accumulate higher up the food chain where they are
eventually consumed by humans and other apex
predators. Furthermore, game fish, dolphins, pinni-
peds, seabirds, whales, and turtles are still caught in
nets that commercial fishing boats discard. These
animals become entangled, strangled, and eventual-
ly drowned in these ghost nets that drift around.
Nowadays, plastic pollution has been discovered in
every ocean basin, along every shoreline, and from
the ocean's surface to the lowest seafloor. Put an-
other way, it is destroying every marine ecosys-
tem.[4]

There are five main ocean basins on Earth, and
each one has gyres, which are ring-shaped surface
currents. Garbage patches are produced when these
gyres concentrate floating plastic pollution in their
centers. This is an artificial problem brought about
by society's inappropriate disposal of plastic waste
and insufficient recycling efforts, coupled with the
world's ever-increasing production of plastic. Plas-
tic floating in these gyres ranges in size from na-
nometer-sized microplastic particles to miles-long
fishing nets. Many people live their lives surround-
ed by plastic, but because of poor management

practices and inappropriate disposal, plastic can
wind up in the ocean and cause extensive harm to
marine ecosystems.[4]

Textile waste.

Owing to the large amount of textile waste gen-
erated globally, textile recycling and reuse can be a
viable way to lessen the amount of solid waste that
ends up in landfills, as well as a way to cut down on
energy use, the production of virgin materials, and
the environmental impact. This essay discusses the
significance of recycling textile waste from an envi-
ronmental, social, and technical standpoint and
highlights several strategies for repurposing it. In
addition, a few technical uses of waste textiles have
been examined to shed more light on the circular
economy approaches to sustainability taken by the
textile and fashion industries.[5-11]

Due to population growth and economic devel-
opment, there is a steady increase in the demand for
textile products worldwide. This trend is expected
to continue. In the meantime, the textile sector is
struggling with severe resource and environmental
issues. Sixty-three percent of textile fibers come
from petrochemicals, the production of which and
its eventual disposal result in significant emissions
of carbon dioxide (CO2). The majority of the re-
maining 37% is made up of cotton (24%), a thirsty
plant linked to toxic pollution from heavy pesticide
use as well as water depletion (the Aral Sea's desic-
cation is the most famous example). More extensive
effects are produced at later stages of the textile
production process for the majority of environmen-
tal impact categories. The spinning of yarns and the
weaving or knitting of fabrics are two common pro-
cesses that use fossil fuels, which results in emis-
sions of particulates and CO2. Wet treatment pro-
cesses (dying, finishing, printing, etc.) are also ma-
jor sources of toxic emissions. According to All-
wood et al. (2006), the primary environmental prob-
lems facing the textile industry are waste, hazardous
chemicals, water use, and greenhouse gas emis-
sions. Sandin and associates. (2015) estimate that in
order for the clothing industry to be deemed sus-
tainable in relation to the planetary boundaries out-
lined by Steffen et al. (2015), the impact per gar-
ment use in a western country (in this case, Swe-
den) must be reduced by 30-100% by 2050 for sev-
eral environmental impact categories. (2016)
demonstrate that such a significant shift necessitates
a variety of impact-reduction strategies, most likely
involving increased reuse and recycling.[6, 12]

A topoloqgy for recycling and reusing textiles.

Reusing textiles includes a variety of techniques
for giving them to new owners, either modified or
not, in order to extend their useful life. One way to
do this is by renting, trading, swapping, borrowing,
and inheriting. These methods can be made easier
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by places like thrift stores, flea markets, garage
sales, internet marketplaces, charitable organiza-
tions, and clothing libraries. Different types of reuse
have been conceptualized in academic literature
using terms like access-based consumption, prod-
uct-service systems, collaborative consumption, and
commercial sharing systems. Conversely, repurpos-
ing pre- or post-consumer textile waste for use in
new textile or non-textile products is commonly
referred to as textile recycling. In this work, we take
a more expansive view of textile recycling, encom-
passing the recycling of non-textile products and
materials  (like PET bottles) into textile
products.[12]

The three main categories of textile recycling
routes are mechanical, chemical, and, less frequent-
ly, thermal. This is frequently an oversimplification
of the situation, since recycling routes frequently
involve a combination of thermal, chemical, and
mechanical processes. For instance, when we talk
about chemical recycling, we usually mean a recy-
cling process where the polymers are either dis-
solved (for natural or synthetic cellulosic fibers like
cotton and viscose) or depolymerized (for synthetic
polymer fibers derived from petrochemicals, like
polyester). Thus, after being disassembled to the
molecular level, polymers are resound into new
fibers and monomers or oligomers are repolymer-
ized. However, the recycled material is typically
mechanically pretreated before the depolymeriza-
tion or dissolution. Furthermore, thermal recycling
frequently refers to the process of turning PET
flakes, pellets, or chips into fibers through melt ex-
trusion; however, because the flakes, pellets, and
chips were created mechanically from PET waste,
this recycling method is also known as mechanical
recycling. Moreover, it is common to mistake the
term "thermal recycling" for "thermal recovery,"
which is the process of burning textile waste to pro-
duce heat or electricity. To make matters more
complicated, recycling is sometimes used to refer to
incineration with energy recovery, even though in
this paper we are focusing only on material recy-
cling. Thus, it is unclear and dubious to systematize
recycling routes into mechanical, chemical, and
thermal ones. The current paper systematizes recy-
cling routes according to the degree of disassembly
of the recovered material, rather than the type of
process involved. Fabric recycling is the process of
recovering and reusing a product's fabric to create
new products (sometimes this is referred to as mate-
rial reuse ). Fiber recycling occurs when the fabric
is disassembled but the original fibers are
kept.[6][12]

Polymer/oligomer recycling occurs when the fi-
bers are broken down but the polymers or oligomers
are kept intact. Moreover, monomer recycling oc-
curs when the monomers are retained while the pol-
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ymers or oligomers are broken down. Next, there
are numerous.

It's also important to discuss other recycling
route classifications. Downcycling, for instance,
occurs when the recycled material is of lesser value
(or quality) than the original product. The majority
of current textile recycling methods involve
downcycling. Textiles from clothing and homes are
recycled into things like upholstery, low-quality
blankets, industrial rags, and insulation (Schmidt et
al., 2016). Upcycling, on the other hand, is the pro-
cess of creating a product out of recycled materials
that is more valuable or high-quality than the origi-
nal. Fabric and fiber recycling generally results in
materials of lower quality (if quality is defined in
terms of fiber quality) than materials made from
virgin fibers (unless mixed with yarn from virgin
fibers), as wear and laundry reduce the length of the
fibers and the constituent molecules. [12]

Because of this, recycling fabric and fiber is
generally regarded as downcycling (at least in terms
of fiber quality; certain end products made from
recycled fibers or fabrics may still be regarded as
upcycled in terms of other end product qualities,
such as aesthetics, fit-for-purpose, or material quali-
ties defined by fabric construction). On the other
hand, recycled monomers, oligomers, and polymers
usually produce fibers that are just as high-quality
as virgin fibers. It is important to note that, despite
being examples of downcycling when it comes to
fiber quality, recycling of fiber and fabric is not
always less desirable than recycling of polymers,
oligomers, or monomers from the standpoint of the
waste hierarchy. On the other hand, a cascade strat-
egy might be the best option, whereby the waste
textile is first recycled as fabric or fiber, and then it
is recycled as polymer, oligomer, or monomer once
the length of the fiber is lowered to the point where
the material is unsuitable for recycling as fabric or
fiber.[12]

Recycling routes can also be categorized as
closed- or open-loop recycling. Open-loop recy-
cling, also known as cascade recycling, describes
procedures in which the material from a product is
recycled and used in another product. Closed-loop
recycling, on the other hand, refers to the use of
recycled materials in a (nearly) identical product.
Depending on the context, a particular recycling
path may be referred to as either closed- or open-
loop recycling. This is because the term "product”
can here refer to various degrees of refinement. For
instance, a fiber or fabric that is a product in a busi-
ness-to-business setting might not be in a retail or
consumer setting (where clothing is a major catego-
ry of textile products). According to the latter per-
spective, closed-loop recycling depends on certain
conditions being met, such as a T-shirt being recy-
cled back into another T-shirt or even a T-shirt of a
specific size, color, and—possibly most important-
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ly—quality (such as fiber length). A more lenient
definition of closed-loop recycling, on the other
hand, might include recycling a material category—
like packaging—into the same material category as
opposed to another—Ilike textiles, as in the case of
the previously mentioned bottle-to-fiber recy-
cling.[12]

Sustainability

The concepts of sustainability and global warm-
ing, internationalism, conservationism, and social
justice have all gained traction in recent years. Sus-
tainability necessitates environmental preservation,
social responsibility, and a society that strikes a
balance between human and natural systems. Glob-
ally, societies today struggle with social, economic,
and environmental issues. This is the reason why
academics and practitioners are becoming interested
in the sustainability principles. Generally speaking,
sustainability refers to the procedures or actions that
make it easier to mitigate the loss of natural re-
source availability and to preserve ecological bal-
ance globally. Every industry is affected by the idea
of sustainability, including the textile, agricultural,
urbanization, infrastructure, water availability, en-
ergy use, and transportation sectors.[9, 10, 13-17]

The urban population has significantly increased
globally since the industrial revolution. Many fami-
lies and both skilled and unskilled workers are
drawn to urban areas in search of improved job pro-
spects, a better quality of life, a higher standard of
living, better education, better infrastructure, sus-
tainable transportation, and other benefits. Growth
in urbanization was observed first in America, Eu-
rope, Africa, and Asia’s larger megacities .[13]

According to data from the United Nations, the
number of people living in cities has been rising
steadily over the past century. Due to economic
growth, better urban infrastructure, and adequate
employment opportunities, people are migrating
from rural areas to urban areas. In the upcoming
years, about 1.1 billion people in Asian countries
will move from rural to urban areas in search of
better opportunities (UN Environment Program,
n.d.). Approximately 70 million people, or 55% of
the world's population, reside in urban areas.

According to UN estimates, by 2050, 70% of the
world's population—roughly 6.3 billion people—
will live in urban areas, making up two thirds of the
global population (United Nations Water and Ur-
banizations n.d.). Approximately 60% of the
world's Gross Domestic Product (GDP) is produced
by 600 major cities. Globally, cities account for
about 85% of GDP in developed nations and 55%
of GDP in developing nations. Urban areas account
for 80% of GDP in the Asia Pacific region, which
promotes economic expansion and eventually raises
living standards. [13]

By 2050, an estimated $20 trillion more will be
invested annually in buildings and urban infrastruc-
ture. Over 75% of the world's natural resources,
including energy, food, water, raw materials, and
fossil fuels, are consumed by urban centers world-
wide. Eco-cities, or green cities, are other names for
sustainable cities that prioritize the triple bottom
line—the social, economic, and environmental
spheres.[13]

Pillars of sustainability

Environmental Sustainability

Environmental sustainability holds that natural
resources from the planet's ecosystem must be used
by humans at a rate that permits self-renewal. Most
of the time, the environmental aspect is given the
most attention. For manufacturing companies and
brands, lowering their water consumption, carbon
footprints, packaging waste, and environmental
impact is a constant goal.

Corporations have discovered the financial ben-
efits of these sustainable initiatives.

For example, reducing the amount of materials
used in packaging usually means paying less overall
for those goods.[18]

Economic Sustainability

This pillar is responsible for guaranteeing global
economic stability and universal access to resources
like steady sources of income. People may also
maintain their independence and have access to the
resources they require to meet their basic needs.[18]

Social Sustainability

Social sustainability recognizes that just offi-
cials who respect individual, cultural, and labor
rights and treat everyone equally are traits of thriv-
ing communities. People are protected from bigotry.
Universal human rights and basic needs are availa-
ble to everyone.[19]

Why Sustainability Is Important?

1. Reduced energy use: The use of renewable en-
ergy sources, such as solar and wind energy, is
emphasized in sustainable cities and societies.
It is possible to lower long-term energy costs
by implementing sustainable practices. Month-
ly utility bills are decreased by using energy-
efficient solar and wind energy equipment.

2. Healthy living for everybody: A sustainable
city and society promote a healthy lifestyle for
people by emphasizing clean water, food puri-
ty, waste management recycling, and a de-
crease in CO2 emissions into the atmosphere.

3. Better living conditions: The mass population
now enjoys better living conditions as a result
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of the sustainable city and society, the afford-
able housing market, the use of electricity, the
construction of sustainable buildings, planned
construction, and the use of sustainable mate-
rials. Social equality and a higher quality of
life depend on opportunities, institutions, and
resources being available and accessible to
all.[13]

Sustainable textiles

Sustainable textiles are those that, throughout
the whole product life cycle, are safe and healthy
for people and the environment, and that source all
of their energy, materials, and process inputs from
recycled or renewable resources. It might also im-
ply that.

All phases of the product life cycle have the po-
tential to improve social well-being, and materials
can be safely recycled back into industrial or natu-
ral systems. Sustainable textiles refer to methods
for developing more environmentally friendly mate-
rials and technologies as well as ways to enhance
industry recycling. In the context of textiles, sus-
tainability is the use of resources without depleting
them.[20]

In all stages of the product life cycle, all materi-
als and process inputs and outputs are safe for the
environment and human health. This is the defini-
tion of sustainable textiles.

e All inputs—materials, energy, and process-
es—come from recycled or renewable re-
sources.

e Every material can safely reintegrate into in-
dustrial or natural systems.

e Every phase of the product life cycle actively
promotes the highest caliber of repurposing
or recycling of these materials.

e Every stage of a product's life cycle im-
proves society’s well-being.

Sustainable fabrics and textiles are essentially
produced with limited impact to the environment
and community and can be categorized in the fol-
lowing ways :

- Organic: A crop grown with the use of bio-
fertilizers and organic manures, among other
organic agricultural practices. Hemp, organic
cotton, and organic ramie/jute (linen) are
some examples of crops that are grown with-
out the use of pesticides, chemicals, or artifi-
cial fertilizers. Natural Wool may be includ-
ed in this category if the sheep were raised
on "organic” land and organic pigments were
used to produce and color the finished
yarn.[20]

- Eco Textiles: According to organizations like
OEKOTEX, IFOAM, etc., an eco-friendly
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textile product is one that is manufactured
with care and processed within environmen-
tally friendly parameters. Based on the
method of cultivation, natural fibers like or-
ganic cotton, hemp, jute, and ramie are re-
garded as eco textiles.

- Recycled and biodegradable: Textiles that
can be broken down into smaller pieces to
create new textiles or turn into fibers, as well
as natural and synthetic fibers.

- Textile Processing and Sustainability: A few
procedures, such as those related to spinning,
dying, printing, and finishing, need to be
taken into account in order to create sustain-
able fabrics and textiles. In general, textile
processing is better for the environment
when it uses less energy, water, chemicals,
and effluent disposal.

- Purchase and Produce Locally.[20]

Sustainable fibers

Many people believe that an organic or natural
fiber qualifies as a "sustainable fiber." Any artificial
fibers that harm the environment on the ground will
be rejected by them. However, because they require
fewer resources than "natural fibers," some synthet-
ic or man-made fibers may be more sustainable than
those found in nature.[20, 21]

The discussion surrounding the sustainability of
natural fibers primarily centers on the amount of
water and energy used in their production. Hazard-
ous chemicals are frequently used, which not only
harm the environment but also cause thousands of
deaths annually if the fibers are not organic. If the
energy source is non-renewable, the amount of en-
ergy required to convert plant cellulose—such as
that found in cotton or ramie—into fiber can be
enormous and extremely harmful. Growing natural
fibers uses a lot of water, which frequently leaves
others without access to clean water and can con-
taminate nearby soil and render it unusable.

The main obstacles to sustainable fiber produc-
tion differ depending on the material, so it's critical
to evaluate each step of the process, the resources
used, and the effects. Some of these include the
large amounts of energy and non-renewable re-
sources used in the production of synthetic and cel-
lulosic fibers, the emissions released into the air and
water during this process, and the negative effects
on water quality associated with the production of
natural fibers.

The main sustainability issues in the production
of fiber vary depending on the type of material, so
it's critical to evaluate.

The main sustainability issues in the production
of fiber vary depending on the type of material, so
it's critical to evaluate individual procedures, re-
sources used, and effects. Some of these include:
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- the substantial energy and non-renewable re-
source consumption for synthetics.

- the emissions to air and water from the pro-
duction of synthetic and cellulosic fibers.

- the negative effects on water associated with
the production of natural fibers.

The Man-Made Fibers (MMF) Industry, in par-
ticular, has a long history of pursuing sustainability-
promoting initiatives. Since 1992, manufacturers of
synthetic fibers have implemented the responsible
care program, which has been embraced by numer-
ous nations.[21]

Like any other product, the sustainability of
man-made fibers is determined by the amount of
energy, raw materials, and other resources con-
sumed as well as by the emissions of solid, liquid,
and gaseous waste products. It is important to re-
member that significant environmental savings can
be achieved during both the in-use and dispos-
al/recycling phases. Enhancing the sustainability of
synthetic fibers serves as the foundation for enhanc-
ing ecological, financial, and societal outcomes.[20]

How can the textile and fashion industry go
green.

There are other ways the fashion industry can go
"green" and safeguard the planet's natural resources
and future than just using organic fabrics. Business-
es must also practice fair trade, fair labor, and in-
creased ethics; this is known as "ethical and envi-
ronmental awareness".

This indicates that businesses are building safe
working conditions for the laborers from whom
they obtain their materials, paying a fair price, and
providing fair employment opportunities. In addi-
tion, they are "engaging in environmentally sustain-
able practices, making sure that product quality is
maintained, honoring cultural identity as a stimulus
for product development and production practices,
offering business and technical expertise and oppor-
tunities for worker advancement, contributing to
community development, building long-term trade
relationships, and being open to public accountabil-
ity."[22]

In this regard, organic and recycled fashion can
both support environmentally friendly, sustainable
development:

Recycling

"Recycling is the term used to describe textiles
that have been discarded by customers, retailers, or
nonprofit organizations and have been carefully
sorted, graded, and separated into waste-free prod-
ucts that can be used again." Designers breathe new
life into recycled apparel and organic materials to
create stylish dresses, skirts, jackets, pants, and oth-
er items that appeal to and fit the needs of the cus-
tomer.

Both the fashion industry and the public had to
take some action. It is imperative that the fabrics be
recycled and used in a reversible way. This will
prolong the fabric's life and relieve farmlands of the
burden of producing large quantities of cotton, say,
through chemical growth.[20]

Organic

For textiles to be considered organic, they must
be manufactured organically or derived from natu-
ral sources like plants or animals. Either environ-
mentally friendly dyes or dyes derived from plants
or minerals should be used on organic apparel. The
dyeing process should not involve the use of heavy
metals or any other dangerous chemicals. Every
facet of the organic apparel market should be ap-
proached with a conscience for the environment and
ethics.[20]

Natural fibers

The growing "green™ economy, which is predi-
cated on energy efficiency, the use of renewable
feedstocks in polymer products, industrial processes
that lower carbon emissions, and recyclable materi-
als that reduce waste, will all heavily rely on natural
fibers.

Natural fibers are the epitome of a renewable re-
source, having been replenished for millennia by
both human ingenuity and the natural world. Addi-
tionally, because they absorb the same amount of
carbon dioxide as they produce, they are carbon
neutral. They mostly produce organic waste during
processing, but they also leave behind residues that
can be used to create sustainable housing materials
or energy. When their life cycle comes to an end,
they are completely biodegradable.

While the processing of some natural fibers can
result in high levels of water pollutants, the pollu-
tants are mostly biodegradable, unlike the persistent
chemicals—including heavy metals—released in
the effluent from the processing of synthetic fibers.

According to more recent research, the produc-
tion of one tone of polypropylene, which is exten-
sively used in packaging, containers, and cordage,
releases more than three tons of carbon dioxide, the
primary greenhouse gas that causes global warming,
into the atmosphere. Jute, on the other hand, ab-
sorbs about 2.4 tons of carbon for every ton of dry
fiber.

In terms of life cycle disposal, natural fibers tru-
ly shine. Because natural fibers absorb water, fungi
and bacteria cause them to decay. Natural fiber
products can be burned without releasing any pollu-
tants, or they can be composted to enhance soil
structure. Conversely, synthetic materials present a
variety of disposal challenges to society. They con-
taminate soil and groundwater with heavy metals
and other substances. Recycling necessitates expen-
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sive separation, and burning generates pollutants.
For every tone of burned material in the case of
high-density polyethylene, three tons of carbon di-
oxide are released. Synthetic fibers left to the envi-
ronment, for instance, add to the 640 000 tons of
abandoned fishing nets and gear that are thought to
be in the world's oceans.[20]

There are many natural fibers which can be con-
sidered as eco-friendly, such as:

Organic Cotton

The world's most popular textile product, cotton
is the ideal fabric for casual wear. Despite being the
most valuable non-food agricultural product, it has
been dubbed the "dirtiest™ crop in the world because
of its history of unethical labor practices, extremely
hazardous chemical inputs, and disastrous water
misuse.[23]

Because organic cotton doesn't use pesticides,
herbicides, or insecticides during the growing sea-
son, it is far more environmentally friendly than
traditional cotton. More encouraging is the recently
developed cotton cultivated in the Aztec way of
life. It is naturally grown in shades of brown and
green and has colored fibers long enough to be spun
into thread. It also has the added benefit of main-
taining its color and becoming more vibrant after
the first few washings.[23]

Organic linen

Organic linen is defined as linen derived from
flax fiber. It might also be a reference to linen made
from other plant fibers that are grown organically.

Bamboo fiber

swiftly Not to mention their incredible softness
and kind-to-skin qualities, bamboo textiles have
enormous potential as a sustainable textile because
they grow without the need for water, fertilizers, or
pesticides. Clothes made of bamboo can be hypoal-
lergenic, breathable, and naturally antibacterial.
Though bamboo is one of the most sustainable re-
sources on the planet, there are differences between
the sustainability of bamboo as a crop and the sus-
tainability of the processing methods used to make
the fabric.[24-27]

It is well known that bamboo grows naturally
and doesn't require pesticides. It is rarely eaten by
pests or contaminated by diseases. The antibacterial
and bacteriostasis bio-agent known as "bamboo
Kun" was discovered by scientists to be exclusive
to bamboo. This material is tightly mixed with the
molecules of bamboo cellulose throughout the pro-
cess of producing bamboo fiber. Even after fifty
washings, bamboo fiber fabric maintains its excel-
lent anti-bacterial and bacteriostasis properties. Ac-
cording to test results, after bacteria are cultivated
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on bamboo fiber fabric, there is a death rate of over
70%. The inherent antibacterial properties of bam-
boo fiber are very different from those of chemical
antimicrobials. The main characteristics of bamboo
fiber are as follows:[24]

o naturally anti-bacterial.
e green and biodegradable.
e breathable and cool.

Hemp

One of the earliest textile plants in human histo-
ry, hemp is also one of the most adaptable and eco-
logically friendly natural textile plants on the plan-
et. Strong as hell, hemp doesn't need herbicides
because it grows so quickly that weeds can't keep
up. Because it is indigestible to insects and grows
with very little water, it doesn't require pesticides. It
is antibacterial and UV protective. Sadly, cotton has
surpassed it because it is softer. [28, 29]

By far, the crop with the most potential for eco-
friendly textile use is hemp. The ecological foot-
print of hemp is considerably smaller than that of
most other plants considered for their fibers. Be-
cause hemp plants grow so quickly and densely,
weeds find it difficult to hold, doing away with the
requirement for synthetic fertilizers and herbicides.
There is no need for irrigation because it grows
abundantly in the amount of water found in an av-
erage rainfall and is extremely pest resistant. Be-
cause hemp naturally has long fibers, spinning it
requires little processing. These fibers have a long
lifespan as well. There are numerous weights and
textures available in hemp textiles. It can be used
for nearly anything, including plasterboard, rope,
bags, clothing, hats, and insulation. Hemp was used
to make both the first American flag and the first
pair of jeans by Levi Strauss.

Jute

Jute is a vegetable fiber that has been used for
thousands of years and has great potential going
forward, much like hemp. [29-33]

Ramie

Among the strongest natural fibers are ramie fi-
bers. Ramie is eight times more durable than cotton
and becomes even more so when wet.

Alpaca

Alpaca sheep don't need to be treated with anti-
biotics, don't eat a lot, and don't need insecticides
injected into their fleece. Alpaca wool has a long
lifespan as well.[20]

Renewable Raw material

The majority of man-made fibers (MMF) are
produced using synthetic polymers with oil as the
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feedstock. On the other hand, some MMFs also rely
on renewable resources. Modal, viscose, and lyocell
are three common and significant MMFs that use
wood as a renewable resource. Clearly the most
significant biopolymer in the world is cellulose.
Cellulose is a remarkable and distinct biopolymer
that makes up around half of all biomasses on
Earth. Pulp is created from wood, and fibers are
created from pulp. The natural carbon cycle in-
cludes the pulp and fiber industry. In the context of
sustainability, a tiny but increasing share of the
production of synthetic fibers comes from novel
raw material sources like corn or vegetable oil.

PLA fibers and the polymerization of PTT poly-
ester using bio-propanediol (PDQO) derived from
corn as an alternative to oil-based PDO are two
common examples. Tencel Lyocell, also known as
Eucalyptus Tencel, is made solely from the wood
pulp of Eucalyptus trees that have received certifi-
cation from the Forestry Stewardship Council
(FSC). The fiber is marked with the Pan-European
Forest Council (PEFC) quality seal. Because euca-
lyptus is woody, it requires energy to be trans-
formed into a soft fiber that can be used for cloth-
ing.

The eucalyptus is chopped and then reshaped in-
to a fiber that can be spun. This is produced using a
method that is comparable to that of other semi-
synthetic natural fibers, like viscous bamboo fabric.
The method by which Eucalyptus Tencel is the
most environmentally friendly man-made cellulosic
fiber on the market today, and it is far more eco-
friendly than other options.[20]

Non-renewable Raw Material

When it comes to product types and volume,
synthetic polymers derived from oil serve as the
primary source of man-made fibers (MMF). In
comparison to renewable resources, this non-
renewable resource is not the most preferred one in
terms of sustainability. This needs to be taken into
account along with other resources, such as water
and land use, that are required for the production of
natural fibers.[20]

Conclusion

Recognizing the diversity and heterogeneity of
players, interests, and values associated with
clothes is essential on both the supply and demand
sides. This acknowledgement is necessary because,
in every society on the planet, clothes will continue
to be infused with a variety of socio-cultural norms
and distinctions. The question then becomes how
different paths towards sustainability and accounta-
bility can interact positively and productively with
the fundamental human need to look well-groomed,
polished, and tidy. The articles in this special issue
emphasize the need for support from all parties in-
volved if they are to assume greater accountability

for sustainability in the textile and apparel indus-
tries. This is applicable to a wide range of consum-
ers, from private individuals to street-level pro-
curement officials. By increasing their awareness of
the interests and players involved in the production
of quick, appealing, and reasonably priced fashion
and textiles, consumers may be further persuaded to
adopt sustainable practices through innovative con-
sumer tools (such as corporate transparency guides,
experiential learning in higher education, and pro-
curement policies). The critical role that their ca-
pacity to engage in reflective awareness of the limi-
tations of various tools and expertise plays is also
important. For example, they can critically evaluate
the ways and reasons that different actors try to
legitimize their actions by talking about transparen-
cy. Finding customer groups that could be encour-
aged to act as leaders in this regard is a crucial task
for influencing others' behavior. If done well, this
could help close the gap between raising awareness
of issues and altering behavior accordingly. Conse-
quently, there is a vast difference in problem solv-
ing, dialog/capacity building, and choice. Responsi-
bilities cannot be allocated equally. In contrast,
some collective buyers (public or private) can be
much more professional and equipped with exper-
tise knowledge so that they can engage in further
stakeholder dialogue and capacity building whose
purpose is to promote sustainable and responsible
management. Many individual consumers can only
be expected to try to be aware and competent buy-
ers who choose available products with a reflective
mind. This special issue teaches us that taking re-
sponsibility and managing sustainability must be
long-term and learning oriented. There will always
be disagreements about sustainability and who is
responsible for it. Thus, it is imperative that the
public discourse on accepting responsibility and the
accountability of participating parties never ends.
Here, research is crucial in pointing out the ad-
vantages and disadvantages of current practice and
providing recommendations for future directions.
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