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Abstract

The garment industry plays an essential role in contemporary life, functioning as a supplier of
basic human necessities, and a significant driver of global and local economies. It provides
livelihoods to diverse stakeholders, from textile, garment manufacturers and artisans to entire
nations (Fletcher and Grose 2012; Choudhury 2018). Despite its vital importance, the industry's
practices have contributed extensively to environmental degradation (Bick, Halsey, and Ekenga
2018; Bailey, Basu, and Sharma 2022). This contradiction raises a critical question: how can
such a pivotal industry align its operations with the planet's ecological

well-being?

The lifecycle of clothing, encompassing raw material extraction, textile processing, finishing
techniques, and post-consumer disposal, exerts immense pressure on natural resources while
polluting land, air, and water (Fletcher 2016; Peters, Li, and Lenzen 2021). Adding to this, the
growth of online shopping, flexible return practices has changed consumer preferences and
resulted in increased shares of returned and unsold garments (Franco 2019; Peters et al. 2021).
Over the past years, fast fashion as well as luxury brands, have been reported to destroy returned
or unsold clothing (Niinimiki et al. 2020; Sandin, Peters, and Svanstrom

2019).

An innovative solution for the garment industry lies in repurposing this category of produced
garments to transform what was once considered refuse into valuable resources (Govindan and
Hasanagic 2018; Muthu 2021). A sustainable sub-sector within major clothing brands could
focus on redirecting unused materials from collections and collaborating with small- scale
businesses to craft unique, high-quality products (Maharaj 2021; Singh and Kumar 2021).
Through upcycling, the industry, artisans, and craftspeople could transform these textiles into
bespoke designs marketed as premium items, offering them a second life (Shim, Kim, and Na
2018; Cassidy and Han 2017). This approach provides a triple advantage: reducing textile
waste, generating economic opportunities, and promoting creativity in fashion (Aus et al. 2021;
Sandin and Peters 2018). It aligns seamlessly with the principles of circular economy models,
which emphasize resource reuse and longevity (Dahlbo et al. 2017; Muthu 2021). This research
will delve into artistic methods, such as advanced textile printing and traditional handicrafts,
that could revolutionize waste management in the clothing sector (Kouhizadeh, Saberi, and
Sarkis 2021; Fletcher and Grose 2012). The aim is to integrate environmental responsibility
with aesthetic innovation, crafting a path for a more sustainable future in fashion (Singh and
Giacomin 2021; Kamleitner, Thiirridl, and Martin 2019). Also, create business opportunities
for the industry and creatives (Muthu 2021; Yousef et al. 2020).
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Introduction
The global textile and apparel industry significantly influences economic, cultural, and social
landscapes while simultaneously posing serious environmental challenges. This sector, vital to
societal function and expression, consumes extensive resources and generates considerable
waste. Textile production is responsible for approximately 20% of global wastewater and 10%
of annual carbon emissions, making it one of the largest industrial contributors to environmental
degradation (Niinimdki et al. 2020; Sandin and Peters 2018). The complex processes
involved—from fiber cultivation and dyeing to garment construction and post- consumer
disposal—exert immense pressure on ecosystems and deplete finite natural resources (Peters et
al. 2021; Govindan and Hasanagic 2018).
A major contributor to these environmental impacts is the prevalent use of linear production
models, which prioritize mass production and profitability over sustainability. These models
have led to increasing quantities of textile waste, much of which ends up in landfills or
incinerators. Annually, billions of garments end up incinerated or in landfills, contributing to
pollution, resource wastage, and greenhouse gas emissions (Dahlbo et al. 2017; Peters, Li, and
Lenzen 2021). This research explores emerging opportunities for the garment industry to adopt
upcycling practices as an alternative to destroying unsold inventory, examining both
environmental benefits and business potential across various upcycling techniques (Muthu
2021; Singh and Kumar 2021).
Recent studies highlight the potential of artistic and traditional techniques, such as textile
printing and handicrafts, to extend the lifecycle of discarded fabrics. By transforming waste
into valuable, one-of-a-kind products, these methods not only mitigate environmental impacts
but also promote local economic development and cultural preservation (Shim, Kim, and Na
2018; Cassidy and Han 2017). This research aims to explore how the integration of creative
practices can provide actionable pathways to reduce waste, optimize resource use, and redefine
sustainability within the fashion industry (Singh and Giacomin 2021; Kamleitner,
Thiirridl, and Martin 2019).

I. Research problem:

1) How upcycling strategies can effectively address the environmental challenges associated
with the rapid disposal of clothing waste?

2) How modern textile printing technologies can play a role in alleviating economic values in
upcycling?

II.  Research objectives:

1) To identify upcycling solutions for addressing environmental issues caused by industrial
pollution.

2) To enhance the economic opportunities available through innovative approaches in
upcycling and printing technologies.

III. Research hypothesis

The integration of advanced textile printing technologies and traditional handicraft methods into
the clothing industry can significantly mitigate environmental issues by reducing textile waste
and pollution, while simultaneously creating economic opportunities for young entrepreneurs
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through the development of upcycled, marketable products. This hypothesis is built on the

premise that sustainable practices within the fashion sector can address ecological

.degradation while promoting socio-economic growth

IV.Research limitations:
Time Scope of the Study: The research was done during 2023 through 2024
1Geographically limited: This research is limited to Egypt.

V. Research Framework:
1. Background and Significance.
2. Upcycling Apparel Brands through Handicrafts and Textile Printing Techniques

1. Background and Significance:

The fashion industry is one of the most resource-intensive industries, with extraordinarily
complex worldwide supply chain networks and fast production and consumption cycles. The
fashion industry has difficulties as a result of the extensive use of natural resources in the
manufacture of fabrics and garments. The use of chemicals in textile dyeing and surface
treatments, as well as other societal problems that emerge in the supply chain, are additional
problems (Niiniméki et al. 2020; Sandin and Peters 2018).

The production of waste might have a variety of harmful effects on the environment, including
lowered air and water quality. Fast fashion makes a major contribution to the production of
textile waste and pollution. Particularly notorious for their role in the creation of wastewater
and solid wastes at various stages, greenhouse gas emissions, and environmental degradation
are the garment and textile industries (Peters, Li, and Lenzen

2021; Govindan and Hasanagic 2018).
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The garment industry is experiencing great challenges stemming from the market scene changes

with the progressive increase of online business, development of new business models based

on Al technologies such as virtual fitting rooms and try-on solutions and micro factories based

on customers’ personal preferences and choices. All of this has created an increase in unsold

items and high returns affecting the profitability and growth of the industry

(Franco 2019; Peters et al. 2021).

Upcycling is a novel, environmentally conscious method of fashion design that reuses discarded

clothes and textile waste and reintroduces it to the market. It is a more sophisticated form of

recycling that uses the clothing or fabrics in their original form while giving them a new use

and much greater quality (Shim, Kim, and Na 2018; Cassidy and Han 2017).

Companies adopting Upcycling have the ability to transform garments into stylish, eco- friendly

items that extend the lifespan of current materials. It also satisfies personalization as a choice

for customers by providing choices and several solutions meeting the taste of

customers (Muthu 2021; Singh and Kumar 2021).

Ordinary textile materials may be creatively reused by upcycled fashion firms to create limited-
edition clothing with higher pricing that reflect their smaller environmental impact. Patching,
embroidery, and other refinishing methods can increase the perceived worth of repurposed
goods (Singh and Giacomin 2021; Kamleitner, Thiirridl, and Martin 2019). Even if they are
currently small-scale, recycled fashion companies are essential in showing how reuse,
upcycling, and waste reduction may lead to bigger changes in the apparel industry

(Maharaj 2021; Yousef et al. 2020).

Upcycled clothing becomes a more attractive choice as customer desire for sustainably
manufactured, ethical alternatives to rapid fashion increases (Niiniméki et al. 2020; Sandin
and Peters 2018).
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Upcycling Apparel Brands through Handicrafts and Textile Printing Techniques:
Traditional & Innovative Upcycling Techniques and Their Potential

. Material Deconstruction and Reformation

Research by Paras et al. (2018) demonstrates that garments can be deconstructed to fiber or yarn
level and reformed into new textiles. This technique preserves approximately 60-70% of the
original material's embodied energy compared to recycling processes that break down fibers
chemically or mechanically (Paras et al. 2018). Han et al. (2017) documented successful case
studies where luxury brands created limited-edition collections from deconstructed unsold
inventory, achieving premium pricing while reducing waste (Han et al. 2017).
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. Design Modification and Transformation
Janigo and Wu (2015) explored how design modifications can transform unsold garments into
new marketable products. Their research indicated that simple interventions like dyeing,
embellishment, or structural alterations could increase consumer willingness to pay by 15-40%
compared to the original garments (Janigo
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and Wu 2015). Dissanayake and Sinha (2015) further demonstrated that brands implementing
"zero-waste" design principles could incorporate potential future upcycling pathways into their

initial design process (Dissanayake and Sinha 2015).

. Digital Customization Technologies
Emerging technologies are enhancing upcycling capabilities. Armstrong et al. (2020) examined
how digital printing, laser cutting, and 3D design software enable precise, scalable

customization of existing garments. Their findings suggest these technologies can reduce labor
costs in upcycling by up to 40% while achieving consistent quality (Armstrong et al. 2020).
Nayak et al. (2023) demonstrated that Al algorithms can optimize cutting patterns for maximum
material utilization during deconstruction (Nayak et al. 2023).

Collaborative Consumption Models

Research by Machado et al. (2019) explored business models where brands collaborate with
consumers in upcycling initiatives. Their studies showed that "take- back" programs combined
with in-house upcycling increased customer loyalty and repeat purchases by 25% (Machado et

al. 2019). Todeschini et al. (2017) documented successful brand-to-brand collaborations where
complementary waste streams were exchanged for mutual upcycling projects, creating unique
cross-brand value propositions (Todeschini et al. 2017).

*  Use of Textile Printing Techniques in Upcycling:

Textile printing techniques, when combined with artistic handicrafts, can significantly
,enhance the upcycling of fashion brand clothing such as Louis Vuitton, Gucci, Chanel Hermes,
Prada, Balenciaga, Dior, Burberry, and Versace, by transforming discarded textiles into new,
appealing products. This approach not only offers a sustainable solution to textile waste but also
allows for the creation of unique, high-value pieces that align

;2012 with the evolving preferences of eco-conscious consumers (Fletcher and Grose Cassidy
and Han 2017). The integration of artistic methods such as embroidery, hand

,painting, and textile manipulation can elevate the perceived value of upcycled garments

;2017 .while also preserving the quality and identity of the original brands (Han et al Shim, Kim,
and Na 2018). By leveraging these techniques, these luxury brands can not

,only address environmental concerns but also cater to a growing market for personalized
ethically produced fashion (Singh and Kumar 2021; Kamleitner, Thiirridl, and Martin

(2019

e Traditional Printing Techniques: Tie & Dye — Batik Printing — Japanese Shibori resist
Dyeing

These are all excellent dyeing techniques that can breathe new life into old garments! Each
:method has its unique characteristics and artistic possibilities for upcycling
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Tie & Dye

This technique involves binding, folding, or twisting fabric and applying dye. The bound areas

resist the dye, creating patterns. Popular patterns include:

- Spiral designs (pinch fabric center and twist)
- Stripes (accordion fold and bind at intervals)
- Bullseye patterns (pinch and bind at various points) (Fletcher 2016; Shim, Kim, and

Na 2018).

Batik Printing

,Batik uses wax as a resist medium: Apply melted wax to fabric using stamps, brushes or tjanting
tools and dye the fabric. Batik printing represents cultural Asian motifs of (2021 interest to
specific customers (Fletcher and Grose 2012; Singh and Kumar
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Japanese Shibori

A sophisticated resist technique with various methods:

- Kanoko (binding): Similar to tie-dye but with precise patterns

 Arashi (pole-wrapping): Fabric is wrapped around poles for diagonal patterns
- Itajime (folding and clamping): Creates geometric patterns

* Kumo (pleating and binding): Creates spider-like patterns (Fletcher 2016; Shim, Kim,
and Na 2018).

Digital Textile Printing for Garment Upcycling

Digital textile printing offers precision, versatility, and creative freedom when upcycling
garments. Here's a comprehensive look at how this technology can transform old clothing
.(2021 into custom, refreshed pieces: (Armstrong et al. 2020; Muthu

Direct-to-Garment (DTG) Printing

DTG printing uses specialized inkjet technology to print designs directly onto fabric. This
method works like a regular printer but with textile inks that bond with fabric fibers

(2021 Armstrong et al. 2020; Peters, Li, and Lenzen)

:Benefits for upcycling

* Enables photorealistic, complex, multi-colored designs

*  Works well on pre-made garments, including those with seams
* No minimum quantities required
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» Relatively low setup costs compared to traditional methods

* Environmentally friendly with minimal waste (Armstrong et al. 2020; Muthu 2021).

:Best applications

* Adding detailed imagery to t-shirts, hoodies, and tote bags

* Creating custom patterns on plain garments

» Covering stains or worn areas with strategic designs (Armstrong et al. 2020; Peters,
Li, and Lenzen 2021)

Dye-Sublimation Printing
This technique uses heat to transfer dye onto synthetic fabrics like polyester, creating

permanent, vibrant images that won't crack or fade (Fletcher and Grose 2012; Armstrong et
(2020 .al

:Benefits for upcycling

* Creates full-color designs that become part of the fabric

» Excellent for all-over prints and continuous designs

* Durable and washfast results

» (Qreat for polyester and poly-blend garments (Fletcher and Grose 2012; Armstrong et
al. 2020).

:Best applications

* Transforming synthetic garments with bold graphics

* Creating custom activewear from old polyester pieces

* Refreshing faded polyester items with new vibrant designs (Armstrong et al. 2020;
Muthu 2021).
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Digital Heat Transfer

This accessible method uses a standard inkjet printer with special transfer paper, followed by
heat application (usually with an iron or heat press) (Armstrong et al. 2020; Peters, Li, and
.(2021 Lenzen

Benefits for upcycling

» Can be done at home with minimal equipment

*  Works on various fabric types

» Great for small-batch or one-off projects

» Allows for detailed designs (Armstrong et al. 2020; Peters, Li, and Lenzen 2021).

:Best applications

» DIY hom:e upcycling projects

* Adding small detailed designs to specific garment areas

» Creating patches to cover holes or stains (Armstrong et al. 2020; Peters, L1, and
Lenzen 2021).

UV Printing

UV printing cures special inks instantly with ultraviolet light, allowing printing on diverse
.(2021 materials including leather, denim, and unusual textiles (Armstrong et al. 2020; Muthu

:Benefits for upcycling

*  Works on challenging textiles and non-traditional surfaces

* Creates raised textural effects

* Good adhesion to various materials

* Environmentally friendly with low VOC emissions (Armstrong et al. 2020; Muthu
2021).
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Best applications

* Adding designs to leather jackets or accessories

* Creating textured elements on dense fabrics like denim

* Printing on hard components of garments (buttons, toggles) (Armstrong et al. 2020;

Muthu 2021).

*  Foil Stamping

,Foil stamping emerged as an added value to garments, adding metallic accents patterns, and
designs to upcycled garments. This technique allows transforming plain or worn clothing into
unique fashion pieces with a professional-looking finish

.(2020 .Fletcher and Grose 2012; Armstrong et al)

:Foil Creative Applications

* Add metallic patterns to pocket details

* Create custom logos or designs on plain t-shirts

* Highlight seams or edges with metallic accents

» Cover stains or worn areas with decorative foil patterns

* Add foil text quotes or messages (Fletcher and Grose 2012; Armstrong et al. 2020).
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® Direct Drawing

Drawing directly on garments is a fantastic method for upcycling clothing! It's creative,
personal, and transforms old items into unique wearable art (Fletcher and

(2018 Grose 2012; Shim, Kim, and Na

® Adding embellishments to garments through the following techniques

which can be integrated with printed patterns as well

* Embroidery - Hand or machine embroidery can enhance printed designs or add completely
new elements. You can embroider over parts of a print to highlight them

or add texture.

* Appliqué - Add fabric pieces on top of printed areas to cover, enhance, or

complement existing designs.

. Beading and sequins - These can add sparkle and texture to printed garments. They
work well along the edges of printed designs or to highlight specific areas.

» Fabric paint - Use fabric paint to modify, enhance, or partially cover existing prints.

This is especially useful for revitalizing faded designs.

» Patches - Decorative patches can be strategically placed to cover worn areas or to add
interest to plain sections of printed garments.

» Fabric markers or pens - These allow for detailed customization and can be used to

outline or enhance printed designs.

. Lace or trim overlay - Adding lace, ribbon, or decorative trim can transform a printed
garment's appearance (Fletcher and Grose 2012; Armstrong et al. 2020).
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D Printing for Garment Upcycling3

D printing offers exciting possibilities for upcycling clothing and textiles. Here's3

;2020 .how this technology is transforming garment upcycling: (Armstrong et al
(2021 Muthu

Key Applications

* Replacement parts: Create buttons, zippers, clasps, or other hardware to repair

damaged garments

* Embellishments: Add decorative elements to refresh outdated styles

» Structural components: Print reinforcements for worn areas or create entirely new

panels

* Customization: Transform standard garments with personalized additions

* Textile innovation: Print directly onto fabric or create flexible components that integrate with
textiles (Armstrong et al. 2020; Muthu 2021).

Economic and Business Opportunities

* Premium Pricing Potential

Multiple studies demonstrate consumers' willingness to pay premium prices for upcycled
products. Kamleitner et al. (2019) found that upcycled fashion items commanded a 20- 35%

price premium when effectively marketed with their sustainability narrative. Singh and
Giacomin (2021) noted that this premium increases to 40-60% when the upcycling

process involves artisanal techniques or limited-edition status (Kamleitner et al. 2019; Singh
and Giacomin 2021).

. Brand Value and Consumer Perception

Upcycling initiatives positively impact brand perception. Laitala and Klepp (2018)
demonstrated that brands with visible upcycling programs experienced a 15% increase in
positive brand sentiment among environmentally conscious consumers. Park and Lin (2020)

further documented how upcycling initiatives improved perceived authenticity and ethical
positioning among younger demographics (18-35 years), who represent growing market
segments with increasing purchasing power (Laitala and Klepp 2018; Park and Lin 2020).

Upcycling Projected Outcomes and Future Directions
. Environmental Benefits

Quantitative models by Sandin et al. (2019) project

that widespread adoption of upcycling in the fashion

industry could reduce textile waste by 45-60% by

2030. Life cycle assessments by Peters et al.

(2021) indicate that  upcycled garments typically

have 70-80% lower carbon footprints than

equivalent new items, primarily due to avoided raw

material production (Sandin et al. 2019; Peters et al. 2021).
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Economic Projections

Market analyses by McKinsey & Company (2023) project that the upcycled fashion market

could reach $64 billion globally by 2030, representing approximately 5-7% of the total fashion

market. Brands implementing comprehensive upcycling programs have documented

operational cost savings of 10-25% through reduced disposal costs and inventory efficiencies
(McKinsey & Company 2023; Fashion for Good 2023).

e Innovation Trajectories

Emerging research points to promising future directions. Ribul et al. (2022) explore biological
upcycling using mycelium-based processes to transform textile waste into new biomaterials.
Digital technologies like blockchain are enabling transparent tracking of upcycled materials
throughout their lifecycle, addressing consumer skepticism about sustainability claims (Ribul
et al. 2022; Kouhizadeh et al. 2021).

:Case studies
Batik work on a white dress

Before

.Tie & Dye, a knot was made and tied on a suit, and a piece of chlorine fell on it Chlorine was
added and used as a printing by removing it using the knotting and tying

.method, and other colors were added to change the shape to another beautiful shape
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Before

Drawing on fabric jeans jacket direct drawing

Before
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After
Use embroidery and beads either alone or with direct drawing.

[ ER T

Before

After
Results

1- Reducing waste and pollution by recycling fabrics and using modern printing techniques
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that consume fewer resources. 2- Providing new job opportunities and supporting

entrepreneurship among young people by

developing innovative and sustainable products. 3- Preserving traditional crafts and increasing

community awareness of the importance of

sustainability in the fashion sector.

:Conclusion

This literature review reveals substantial opportunities for the garment industry to transition
from destructive disposal practices toward value-creating upcycling models. The environmental
benefits are clear—reduced waste, lower carbon emissions, and conservation of embodied
resources (Sandin et al. 2019; Peters et al. 2021). The economic case is equally compelling,
with evidence of premium pricing potential, enhanced brand value, and emerging market
opportunities (Kamleitner et al. 2019; McKinsey & Company 2023).

While technical and logistical challenges remain, innovations in materials science, digital
technologies, and process standardization are rapidly addressing these barriers (Ribul et al.
2022; Kouhizadeh et al. 2021). The convergence of consumer demand, regulatory pressure, and
technological capability creates a favorable environment for widespread adoption of
upcycling practices (Fletcher and Grose 2012; Muthu 2021).

For fashion brands, the evidence suggests that investment in upcycling capabilities represents
not merely a sustainability initiative but a strategic business opportunity with potential for
differentiation, resource efficiency, and future-proofing against tightening regulations and
changing consumer preference (Fashion for Good 2023; Singh and Giacomin 2021).
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