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 The global fashion industry faces significant environmental challenges due to 

excessive textile waste, unsustainable production practices, and inefficient 

supply chains. This study systematically reviews 30 peer-reviewed research 

papers to examine the economic, technological, and consumer-driven aspects 

of zero-waste fashion and sustainability strategies. The research follows the 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

(PRISMA) guidelines, ensuring a rigorous, transparent, and methodical 

evaluation of existing literature. The findings highlight that zero-waste design 

techniques, such as 3D modeling, digital pattern-cutting, and AI-driven 

material optimization, are critical in reducing textile waste during production. 

Additionally, sustainable textile innovations, including biodegradable fabrics 

like Tencel, Piñatex, and Mycelium leather, are proving to be viable 

alternatives to synthetic fibers. Consumer behavior plays a vital role in the shift 

toward sustainable fashion, with Millennials and Generation Z demonstrating 

a growing preference for eco-friendly apparel, though barriers such as high 

costs, accessibility issues, and psychological resistance to second-hand fashion 

and clothing rental models persist. The study further explores the role of AI 

and Big Data in enhancing demand forecasting, reducing overproduction, and 

ensuring supply chain transparency through blockchain integration, while also 

addressing challenges related to high implementation costs and regulatory 

limitations. The findings underscore the lack of standardized sustainability 

metrics, which contributes to greenwashing and inconsistent reporting of 

sustainability efforts across the industry. While progress is evident in the 

adoption of circular economy practices, AI-driven waste reduction strategies, 

and consumer awareness, regulatory frameworks, affordability, and the 

scalability of sustainable business models remain key challenges. This study 

provides an updated and comprehensive understanding of sustainable fashion 

trends, technological advancements, and industry-wide challenges, 

emphasizing the need for global policy alignment, stricter sustainability 

assessments, and collaborative initiatives among brands, policymakers, and 

consumers to achieve long-term sustainability in the fashion industry. 
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 INTRODUCTION 

The fashion industry is a major contributor to 

environmental degradation, generating vast amounts of 

textile waste and consuming substantial resources in 

production, distribution, and disposal (Young et al., 

2009). The global apparel market, valued at 

approximately $1.7 trillion, is characterized by rapid 

production cycles and mass consumption patterns that 

lead to excessive waste and inefficiencies (Fletcher, 

2008). The industry's reliance on resource-intensive 

manufacturing processes exacerbates environmental 

concerns, with textile production accounting for 10% of 

global carbon emissions and 20% of industrial 

wastewater pollution (Botsman & Rogers, 2010). 

Additionally, the throwaway culture encouraged by fast 

fashion results in millions of tons of clothing being 

discarded annually, placing immense pressure on 

landfills and recycling systems (Huang et al., 2012). The 

economic costs of this wasteful approach are substantial, 

with brands losing revenue due to unsold inventory and 

consumers spending excessively on short-lived 

garments (Kant, 2011). Thus, the transition to a zero-

waste fashion model is essential for achieving both 

economic efficiency and sustainability in the industry. 

Zero-waste fashion involves designing, producing, and 

consuming apparel with minimal waste generation, 

achieved through strategies such as circular economy 

principles, sustainable material innovation, and 

resource-efficient manufacturing processes (Hamid et 

al., 2020). The adoption of circular business models, 

such as clothing rental, resale, and recycling, has been 

shown to reduce textile waste while creating new 

revenue streams for companies (Curran & Williams, 

2011). Textile-to-textile recycling, in particular, has 

emerged as a promising approach to mitigating waste, 

with brands investing in technologies that enable fabric 

regeneration without compromising quality (Italiano et 

al., 2022; Zaman & Lehmann, 2013). Additionally, 

sustainable materials such as organic cotton, hemp, and 

bioengineered fibers contribute to waste reduction by 

decreasing reliance on nonrenewable resources and 

Figure 1: Key Statistics of Global Textile Waste 

Chains with Technology 

 

 

Source: theroundup.org (2024) 

Chains with Technology 
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improving biodegradability (Murphy & Pincetl, 2013). 

The economic feasibility of zero-waste fashion is further 

supported by consumer preferences, as growing 

awareness of environmental issues has led to increased 

demand for ethically produced apparel (Rissanen & 

McQuillan, 2016). Companies that embrace sustainable 

practices not only enhance their brand reputation but 

also experience long-term financial gains through 

resource savings and improved customer loyalty (Tran 

et al., 2020). 

Production inefficiencies in the fashion industry result 

in significant financial losses, with brands discarding up 

to 30% of materials during garment manufacturing due 

to poor pattern-cutting techniques and excessive fabric 

consumption (Matete & Trois, 2007). Zero-waste 

design, a technique that integrates sustainability into 

pattern-making, eliminates unnecessary textile waste by 

ensuring that every part of the fabric is used efficiently 

(Rissanen & McQuillan, 2023). Digital pattern-cutting 

software and three-dimensional garment visualization 

tools have further enhanced the feasibility of zero-waste 

design, allowing brands to optimize fabric usage and 

minimize production costs (Tran et al., 2020). 

Additionally, lean manufacturing techniques, such as 

just-in-time production and demand-driven inventory 

management, help reduce overproduction and limit 

unsold inventory (Wilson, 2015). By integrating these 

strategies, brands can lower raw material costs, decrease 

environmental impact, and enhance profitability 

(Murphy & Pincetl, 2013). Moreover, consumer 

behavior plays a crucial role in the shift toward zero-

waste fashion, as purchasing decisions influence market 

demand for sustainable products (Wilson, 2015). 

Research indicates that millennials and Generation Z 

consumers are particularly inclined to support brands 

that align with their ethical values, with 66% of global 

consumers willing to pay more for sustainable fashion 

(Gwilt, 2014; Lehmann, 2011). The rise of slow 

fashion—a movement that promotes quality over 

quantity and emphasizes ethical production—has gained 

traction as a response to fast fashion’s environmental 

and social consequences (Matete & Trois, 2007). 

Clothing repair, upcycling, and second-hand shopping 

have also become popular among environmentally 

conscious consumers, further reinforcing the economic 

potential of a circular fashion economy (Stanescu, 

2021). Retailers that integrate sustainable branding and 

transparent supply chains benefit from increased 

customer engagement, reduced return rates, and 

enhanced long-term competitiveness (Gwilt, 2014). 

Despite the potential economic benefits of zero-waste 

fashion, industry-wide adoption remains limited due to 

structural and logistical challenges (Surjit et al., 2024). 

The transition requires significant investment in 

sustainable infrastructure, research and development, 

and supply chain adaptation (Tran et al., 2020). Many 

companies struggle to balance cost-effectiveness with 

ethical production practices, as sustainable materials 

and eco-friendly technologies often come at a premium 

(Stanescu, 2021). Additionally, consumer education and 

behavioral change are critical in fostering a zero-waste 

mindset, as traditional shopping habits still prioritize 

low-cost, disposable fashion (Antanavičiūtė & 

Dobilaitė, 2015). Policymakers play a vital role in 

promoting sustainability through regulatory 

frameworks, tax incentives, and extended producer 

responsibility (EPR) schemes that hold brands 

accountable for post-consumer waste management 

(Gwilt, 2014). Collaborative efforts among industry 

stakeholders, government agencies, and advocacy 

groups are essential to overcoming these challenges and 

driving systemic change in the fashion industry. 

The shift toward a zero-waste fashion economy presents 

an opportunity to reconcile sustainability with economic 

growth, offering solutions that benefit businesses, 

consumers, and the environment (Antanavičiūtė & 

Dobilaitė, 2015). By leveraging innovative waste-

reduction strategies, circular economy principles, and 

consumer-driven demand for ethical fashion, brands can 

achieve financial resilience while minimizing 

environmental impact. The following sections explore 

the key economic mechanisms, technological 

innovations, and policy interventions that support the 

feasibility and scalability of a zero-waste fashion 

industry. The objective of this study is to examine the 

economic viability of a zero-waste fashion industry by 

identifying key strategies that reduce textile waste, 

minimize clothing costs, and enhance sustainability. 

This study aims to analyze how circular economy 

principles, sustainable material innovations, and waste-

reducing production techniques contribute to both 

environmental and financial benefits for fashion brands. 

It seeks to evaluate the role of lean manufacturing, 

digital design tools, and alternative business models, 

such as clothing rental and resale, in reducing 

overproduction and improving resource efficiency. 

Additionally, this research intends to assess consumer 

attitudes toward sustainable fashion and their 
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willingness to pay for eco-friendly products, providing 

insights into market demand for zero-waste apparel. By 

investigating the role of government policies, industry 

regulations, and corporate sustainability initiatives, this 

study will highlight the structural challenges and 

economic opportunities associated with implementing 

waste reduction strategies in the fashion industry. 

Ultimately, the findings will contribute to a deeper 

understanding of how brands can achieve profitability 

while fostering environmental responsibility within a 

zero-waste framework. 

 LITERATURE REVIEW 

The concept of zero-waste fashion has gained traction in 

both academic discourse and industry practices as 

concerns over environmental sustainability and 

economic efficiency in the fashion industry continue to 

rise. The traditional linear fashion model—

characterized by excessive production, short product 

lifespans, and high levels of waste—has been 

increasingly criticized for its negative environmental 

and financial impact. The transition toward a circular 

and zero-waste fashion industry has been explored 

through various perspectives, including sustainable 

material innovations, waste-minimizing production 

techniques, consumer behavioral shifts, and policy 

interventions. Studies have highlighted how economic 

incentives, technological advancements, and shifting 

consumer preferences play a significant role in enabling 

a more sustainable fashion ecosystem. However, 

challenges such as high initial costs, supply chain 

inefficiencies, and lack of standardized regulations 

remain barriers to widespread adoption. 

 The Scale of Textile Waste in the Global 

Fashion Industry 

Textile waste has become a significant global issue, with 

the fashion industry being one of the largest contributors 

to environmental degradation. According to the Hamid 

et al. (2020), the fashion industry generates 

approximately 92 million tons of textile waste annually, 

with projections indicating continued growth in waste 

production due to increased global consumption. The 

United Nations Environment Programme (UNEP, 2019) 

estimates that only 15% of discarded textiles are 

recycled, while the remaining 85% end up in landfills or 

are incinerated. In the United States alone, the 

Environmental Protection Agency (EPA, 2021) reported 

that over 11 million tons of textiles were discarded in 

2018, with landfilling rates increasing yearly. Similarly, 

the European Environment Agency (2020) noted that 

the EU produces an estimated 5.8 million tons of textile 

waste annually, with the majority coming from post-

consumer clothing disposal. Studies by Matete and Trois 

(2007)  and Gwilt (2014 suggest that inefficient 

collection and recycling infrastructures significantly 

contribute to the growing problem of textile waste, as 

many countries lack the capacity to handle the volume 

of discarded clothing. The economic implications of 

textile waste are substantial, with a report by the Gwilt 

(2014) highlighting that the industry loses 

approximately $500 billion annually due to clothing 

underutilization and lack of recycling. Moreover, the 

rise of fast fashion has significantly exacerbated textile 

waste, as mass production and rapid consumption cycles 

encourage frequent disposal of clothing (Wilson, 2015). 

Fast fashion brands, such as Zara and H&M, have 

pioneered business models that prioritize speed and 

affordability over durability, leading to shorter product 

lifecycles and higher waste generation (Saeidi & 

Wimberley, 2017). Research by Niinimäki et al. (2020) 

indicates that fast fashion has accelerated the rate at 

which consumers purchase and discard garments, with 

an average individual buying 60% more clothing today 

than in the early 2000s, yet wearing each piece for half 

as long. Similarly, Handayani abd Piliang (2024) found 

that the number of garments produced annually has 

doubled since 2000, reflecting the growing demand for 

inexpensive, trend-driven fashion. However, the rapid 

turnover of clothing results in a significant increase in 

discarded apparel, as consumers seek to replace 

outdated styles with new purchases (Italiano et al., 

2022). Investigations by Tran et al. (2020) emphasize 

that the low-cost nature of fast fashion discourages 

consumers from repairing or repurposing garments, 

further contributing to textile waste accumulation. 

 

Figure 3: The Evolution of Textile Waste in the 

Fashion Industry 

Chains with Technology 
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Beyond individual consumption habits, the fast fashion 

production process itself generates excessive waste at 

various stages of the supply chain. Research by 

Antanavičiūtė and Dobilaitė (2015) estimates that 15-

20% of fabric is wasted during garment production due 

to inefficient cutting and pattern-making techniques. 

Gwilt (2014) argue that conventional garment design 

fails to maximize material efficiency, leading to 

significant pre-consumer textile waste. A study by 

Lehmann (2011) highlights that overproduction in fast 

fashion contributes to surplus stock that remains unsold, 

forcing retailers to dispose of excess inventory through 

discount sales, incineration, or landfill dumping. The 

Wilson, (2015) reported that in the UK alone, an 

estimated 300,000 tons of clothing end up in landfills 

annually, much of which consists of unsold merchandise 

from fast fashion retailers. The waste generated during 

dyeing and finishing processes further compounds the 

issue, with Partal et al. (2022) estimating that 20% of 

global wastewater pollution originates from textile 

dyeing and treatment, leading to significant 

environmental damage. The consequences of textile 

waste extend beyond environmental pollution to 

economic and social concerns. The fashion industry’s 

reliance on synthetic fibers, such as polyester, 

exacerbates waste-related challenges, as these materials 

take hundreds of years to degrade (Lehmann, 2011). A 

report by Stanescu (2021)revealed that 35% of 

microplastics found in marine environments originate 

from synthetic textiles, posing risks to aquatic 

ecosystems and human health. Additionally, discarded 

clothing in developing countries has led to significant 

disruptions in local economies, as second-hand textile 

exports from Western nations overwhelm local markets, 

reducing demand for domestic textile production (Song 

et al., 2015). Scholars such as McQuillan et al. (2018) 

argue that the global fashion supply chain must adopt 

more responsible waste management practices, 

including extended producer responsibility (EPR) 

programs and investment in circular economy 

initiatives. The economic and environmental costs of 

textile waste necessitate a paradigm shift in fashion 

production and consumption patterns, requiring urgent 

action from policymakers, industry leaders, and 

consumers alike. 

 

 

 Financial Costs of Waste in Fashion Supply 

Chains 

The economic losses resulting from unsold inventory 

and production inefficiencies are among the most 

pressing financial burdens in the fashion industry. Due 

to overproduction and inaccurate demand forecasting, 

fashion brands frequently accumulate excess stock, 

leading to significant financial losses (Carrico et al., 

2022). According to Greyson (2007), approximately 

30% of fashion products remain unsold at the end of 

each season, forcing brands to either discount them 

heavily or dispose of them through incineration and 

landfill dumping. McQuillan et al. (2018) highlight that 

the fast fashion business model, which prioritizes rapid 

turnaround times and mass production, exacerbates the 

issue of surplus stock. The Zaman (2014) reported that 

in the UK alone, brands such as Burberry incinerated 

unsold inventory worth £28.6 million in 2017 to prevent 

product devaluation. Similarly, the Chiu, (2019) 

estimated that the global fashion industry loses 

approximately $500 billion annually due to clothing 

underutilization and lack of recycling initiatives. Poor 

production planning and supply chain inefficiencies also 

contribute to raw material wastage, with an estimated 

15-20% of textiles being discarded during garment 

manufacturing (McQuillan, 2020). Such inefficiencies 

not only result in financial setbacks for brands but also 

contribute to increased textile waste and environmental 

degradation. Moreover, the hidden costs associated with 

textile disposal and landfilling further strain financial 

resources within the fashion supply chain. Disposal 

methods such as incineration and landfill dumping 

require significant expenditure, particularly in regions 

where environmental regulations impose taxes or fines 

on excessive waste generation (Zaman, 2012). The 

European Commission (2020) estimated that textile 

waste management costs European businesses nearly 

€3.5 billion annually, with landfill charges and waste 

treatment fees accounting for a substantial portion of 

this expense. In the United States, the Environmental 

Protection Agency (EPA, 2021) reported that over 11 

million tons of textile waste were generated in 2018, 

costing municipalities millions in waste management 

and landfill maintenance. Research by Zaman (2015) 

indicates that synthetic fibers, such as polyester, 

contribute significantly to landfill waste due to their 

non-biodegradable nature, increasing the long-term 

costs of waste management. The World Bank (2019) 
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further emphasized that textile dyeing and finishing 

processes contribute to 20% of global wastewater 

pollution, leading to additional costs for water treatment 

and regulatory compliance. These hidden financial 

burdens not only affect individual fashion brands but 

also impose wider economic costs on governments and 

waste management agencies responsible for mitigating 

the industry’s environmental footprint. 

Brand profitability is directly impacted by the financial 

inefficiencies associated with wasteful production and 

disposal practices. Companies that fail to implement 

sustainable supply chain management strategies often 

experience declining profit margins due to excessive 

spending on raw materials, inventory storage, and 

disposal costs (Cho & Lee, 2015). A study by 

McQuillan et al. (2013) found that fashion brands that 

adopt circular economy principles, such as textile 

recycling and resale, experience higher profitability 

compared to those relying on linear production models. 

Additionally, research by McQuillan, (2020) 

demonstrated that sustainable business models, 

including clothing rental and second-hand retail, reduce 

the financial burden of overproduction while generating 

alternative revenue streams. A report by Zaman and 

Lehmann, (2011) indicated that brands that integrate 

sustainable inventory management practices can 

achieve cost reductions of up to 10-20% through 

improved demand forecasting and just-in-time 

production techniques. Furthermore, consumer demand 

for sustainability has grown significantly, with 66% of 

global consumers willing to pay a premium for 

environmentally responsible products (McQuillan et al., 

2013). As a result, brands that continue to ignore 

sustainable production methods risk financial losses and 

reputational damage due to shifting consumer 

expectations and regulatory pressures. The long-term 

sustainability of fashion brands is also jeopardized by 

the financial implications of inefficient waste 

management. As environmental regulations tighten and 

consumer awareness increases, brands that fail to 

address waste reduction are facing greater financial 

risks, including government-imposed penalties and loss 

of market competitiveness (Muthu, 2024). Research by 

Gupta et al. (2020) suggests that integrating sustainable 

waste management strategies, such as closed-loop 

recycling and biodegradable textile development, 

enhances brand resilience and long-term profitability. 

The implementation of Extended Producer 

Responsibility (EPR) laws in regions such as the 

European Union and Canada has further increased 

financial accountability for brands, requiring them to 

take responsibility for post-consumer waste 

(Antanavičiūtė & Dobilaitė, 2015). Additionally, 

industry collaborations, such as the Global Fashion 

Agenda’s Circular Fashion System, have demonstrated 

that brands investing in sustainability initiatives 

experience long-term financial gains through cost 

reductions, regulatory compliance, and improved brand 

loyalty (Townsend & Mills, 2013). Ultimately, failure to 

address the economic impact of waste in fashion supply 

chains threatens not only the profitability of individual 

brands but also the overall sustainability of the industry. 

 Environmental Consequences of Unsustainable 

Fashion Practices 

The fashion industry is a significant contributor to 

global greenhouse gas (GHG) emissions due to its 

energy-intensive production processes, reliance on 

fossil fuels, and inefficient supply chains. According to 

McQuillan et al. (2018), the fashion sector is responsible 

for approximately 10% of global carbon emissions, 

surpassing the combined emissions of international 

flights and maritime shipping. Textile production, 

particularly the manufacturing of synthetic fibers such 

as polyester, accounts for a substantial portion of these 

emissions due to the high energy requirements of 

Figure 4: Fashion brands need to adopt proactive tech-driven 

tactics to manage inventory 

Source: BoF-McKinsey State of Fashion 2025 Executive Survey 

Source: BoF-McKinsey State of Fashion 2025 Executive Survey 
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petrochemical-based fabric production (Mathew et al., 

2018). Research by Islam et al. (2020)found that the 

production of one kilogram of polyester fabric emits 

between 14.2 and 28.6 kilograms of carbon dioxide 

equivalent (CO₂e), compared to 2.1 to 3.2 kilograms 

CO₂e for cotton. Additionally, unsustainable farming 

practices in cotton cultivation contribute to GHG 

emissions, with studies by Roy et al. (2020) and Carrico 

et al. (2022) indicating that intensive pesticide and 

fertilizer use releases substantial amounts of nitrous 

oxide, a potent greenhouse gas. The fast fashion model 

exacerbates emissions by promoting rapid production 

cycles, high transportation demands, and excessive 

energy consumption in garment factories, particularly in 

countries that rely on coal-fired power plants for 

electricity generation (Zhang et al., 2018). The 

combined impact of these factors places immense 

pressure on global efforts to reduce carbon emissions 

and mitigate climate change. In addition, water 

consumption and pollution from textile dyeing and 

finishing processes further contribute to the 

environmental burden of unsustainable fashion 

practices. The World Bank (2019) estimates that the 

textile industry is responsible for 20% of global 

industrial wastewater pollution, primarily due to the 

discharge of untreated dye effluents and toxic chemicals 

into water systems. Cotton cultivation alone requires 

vast amounts of freshwater, with studies by Saha et al. 

(2021) revealing that it takes approximately 2,700 liters 

of water to produce a single cotton T-shirt. Similarly, 

synthetic fiber production consumes substantial water 

resources during polymer processing and fabric 

finishing stages (Shen et al., 2020). Research by Harane 

and Adivarekar, (2017) highlights the extensive use of 

hazardous chemicals in textile dyeing, including heavy 

metals, azo dyes, and formaldehyde, which contaminate 

rivers and groundwater supplies. In major textile-

producing regions such as China, Bangladesh, and India, 

studies have shown that wastewater discharge from 

garment factories has led to severe ecological damage, 

reducing water quality and harming aquatic life (Whitty, 

2021). Additionally, untreated dye effluents have been 

linked to adverse health effects in communities near 

textile factories, with increased cases of skin diseases, 

respiratory illnesses, and other health complications 

(Dissanayake & Sinha, 2015). The financial and 

ecological costs associated with textile wastewater 

pollution underscore the urgent need for sustainable 

water management practices within the fashion industry 

(Figure 4). 

 Zero-Waste Design and Pattern-Making 

Technologies 

The integration of 3D modeling and digital pattern-

cutting technologies has significantly enhanced waste 

reduction in the fashion industry by optimizing fabric 

utilization and minimizing material loss. Traditional 

pattern-making methods often result in 15–20% fabric 

waste due to inefficient cutting techniques (McQuillan, 

2020). In contrast, digital pattern-cutting software 

Figure 5: Environmental Impact of Fashion Industry 

Chains with Technology 

 

 

Figure 6: Zero-Waste Fashion Flowchart 
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enables designers to create precise, waste-free patterns 

that maximize fabric efficiency (Lahoda et al., 2023). 

The use of 3D modeling in garment design has further 

transformed the production process by allowing virtual 

prototyping, which reduces the need for physical 

samples and decreases textile waste (Alaranta & 

Turunen, 2017). According to McQuillan (2020), digital 

garment visualization facilitates real-time adjustments, 

ensuring accurate fitting and reducing production errors 

that contribute to fabric wastage. Additionally, research 

by Bukhari et al. (2018) highlights that integrating 

digital design tools with automated cutting machines 

increases accuracy and efficiency, ultimately reducing 

material excess. A study by Aus et al. (2021) found that 

brands adopting 3D modeling technologies achieved 

fabric savings of up to 25% compared to conventional 

manufacturing processes. The adoption of digital tools 

not only improves sustainability but also enhances cost 

efficiency by reducing raw material consumption and 

production errors (McQuillan, 2020). 

Several fashion brands have successfully implemented 

zero-waste design principles, demonstrating the 

feasibility of sustainable production without 

compromising creativity or efficiency. Zero-waste 

design involves pattern-making techniques that 

eliminate textile waste by utilizing every part of the 

fabric during garment construction (Fischer, 2011). For 

example, the fashion brand Eileen Fisher has integrated 

zero-waste cutting techniques into its production model, 

achieving significant reductions in textile waste through 

modular garment design and upcycling initiatives 

(Bukhari et al., 2018). Similarly, luxury brand Stella 

McCartney has adopted sustainable pattern-making 

methods that prioritize waste minimization and circular 

fashion principles (Aus et al., 2021). In another case 

study, zero-waste designer Daniel Silverstein developed 

a method known as "zero-waste origami," which 

involves folding fabric strategically to minimize waste 

while maintaining aesthetic appeal (Turunen, 2017). 

Research by McQuillan (2020)found that zero-waste 

fashion brands not only contribute to environmental 

sustainability but also experience financial benefits 

through reduced material costs and enhanced brand 

reputation. These cases highlight that zero-waste design 

is not limited to small-scale or niche brands but can be 

successfully integrated into mainstream fashion 

manufacturing with the right technological and strategic 

investments (Cho & Lee, 2015). 

 

 

 Sustainable and Recycled Textile Materials 

The development of biodegradable and recycled fabrics 

has emerged as a critical strategy in reducing the 

environmental footprint of the fashion industry. 

Traditional textiles, particularly synthetic fabrics such 

as polyester and nylon, contribute significantly to 

environmental pollution due to their non-biodegradable 

nature and dependence on fossil fuels (Bukhari et al., 

2018). In response, biodegradable alternatives such as 

Tencel, Piñatex, and Mycelium leather have gained 

traction as sustainable fabric options. Tencel, a fiber 

derived from sustainably sourced wood pulp, has been 

recognized for its closed-loop production process, 

which recycles water and solvents, thereby reducing 

waste and pollution (Turunen, 2017). Piñatex, made 

from pineapple leaf fibers, provides a plant-based 

alternative to traditional leather, eliminating the need for 

animal-derived materials and toxic tanning chemicals 

(Thorisdottir & Johannsdottir, 2020). Similarly, 

Mycelium leather, developed from fungi, has gained 

attention for its biodegradable properties and ability to 

be cultivated rapidly with minimal environmental 

impact (Sepehri, 2021). Studies by Goyal et al. (2021) 

indicate that these innovative textiles not only reduce 

waste generation but also contribute to lowering carbon 

emissions by replacing resource-intensive materials. 

Additionally, research by ElShishtawy et al. 

(2021)highlights that the adoption of biodegradable 

fabrics significantly decreases water and energy 

consumption in textile manufacturing, further 

supporting sustainability initiatives in the fashion 

industry. 

The upcycling of textile waste presents an effective 

strategy for extending the lifespan of garments and 

minimizing waste accumulation. Upcycling involves 

transforming discarded textiles into new products with 

higher value, reducing the need for virgin material 

extraction (Neto et al., 2019). Research by Steenmans et 

al. (2017) highlights that upcycling fosters sustainable 

consumption by promoting circular fashion principles, 

allowing brands and consumers to repurpose existing 

garments rather than discarding them. Luxury brands 

such as Stella McCartney and Patagonia have 

incorporated upcycling initiatives into their production 

models, creating new apparel from post-consumer 

textile waste (Zaman, 2016). Additionally, studies by 

Goyal et al. (2021) show that consumer interest in 

upcycled fashion has increased, with many individuals 

perceiving upcycled products as environmentally 
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responsible and unique. Textile artisans and 

independent designers have also played a key role in 

advancing upcycling through creative repurposing 

techniques that integrate aesthetics with sustainability 

(Colon & Fawcett, 2006). Despite its benefits, research 

by Jacometti (2019)points out that scalability remains a 

challenge, as upcycling is often labor-intensive and 

requires innovative design approaches to ensure 

commercial viability. 

 Smart Manufacturing Techniques for Waste 

Minimization 

The implementation of just-in-time (JIT) production and 

demand-driven inventory management has been 

instrumental in reducing waste within the fashion 

industry by aligning production with actual consumer 

demand. Traditional manufacturing models rely on mass 

production, which often leads to excessive inventory 

and unsold stock, contributing to significant textile 

waste (Koszewska, 2018). JIT production minimizes 

overproduction by manufacturing garments only when 

orders are placed, reducing material waste and storage 

costs (Zaman & Lehmann, 2011). Studies by 

Cortimiglia et al., (2015) suggest that demand-driven 

inventory management enables brands to optimize stock 

levels, preventing excessive markdowns and unsold 

merchandise disposal. Research by Maghsoudlou et al., 

(2016) highlights how fast fashion retailers such as Zara 

have successfully integrated JIT principles, significantly 

reducing lead times and aligning inventory with market 

trends. Additionally, Bartl (2011) emphasizes that JIT 

production enhances resource efficiency by reducing 

idle materials and limiting textile waste generated 

during overproduction. However, research by 

Koszewska (2018) points out that implementing JIT 

requires a highly responsive supply chain and advanced 

forecasting techniques to maintain efficiency without 

stock shortages. 

Blockchain and Internet of Things (IoT) integration has 

emerged as a transformative approach to increasing 

supply chain transparency and minimizing waste in 

apparel manufacturing. Blockchain technology provides 

an immutable and decentralized ledger that records 

every transaction within the supply chain, enabling 

brands to track raw materials, production processes, and 

product distribution in real-time (Lawless & Medvedev, 

2015). This level of traceability ensures that resources 

are optimally utilized, reducing material losses and 

preventing counterfeit products from entering the 

market (Ji, 2013). IoT-enabled smart factories further 

contribute to waste minimization by utilizing real-time 

data analytics to monitor fabric usage, detect 

inefficiencies, and automate production adjustments 

(Pietzsch et al., 2017). Gharfalkar et al. (2015) indicate 

that IoT-driven smart textiles enable manufacturers to 

gather data on material durability and product life 

cycles, facilitating better end-of-life management 

through recycling initiatives. Additionally, research by 

Lawless and Medvedev (2015) highlights that brands 

adopting blockchain and IoT experience improved 

supply chain visibility, leading to more efficient 

material sourcing and reduced textile waste. However, 

Gharfalkar et al. (2015)  suggest that while blockchain 

and IoT enhance sustainability, their adoption remains 

limited due to technological costs and the need for 

industry-wide collaboration. 

The adoption of lean production methods in sustainable 

apparel manufacturing has further contributed to waste 

reduction by streamlining production processes and 

optimizing resource usage. Lean manufacturing 

principles focus on eliminating non-value-adding 

activities, reducing excess material consumption, and 

improving production efficiency (Girmanová et al., 

2017). Research by Jung and Jin (2014) shows that 

implementing lean strategies, such as value stream 

mapping and cellular manufacturing, helps minimize 

production defects and fabric waste. Brands such as 

Patagonia and Nike have integrated lean principles into 

their operations, resulting in reduced carbon footprints 

and cost savings (McKinney et al., 2020). Additionally, 

studies by Daukantienė (2022) suggest that lean 

manufacturing enhances energy efficiency by 

minimizing idle time and optimizing production line 

workflows. A study by Muthu (2014) further highlights 

that lean production, when combined with sustainable 

design practices, enables brands to achieve zero-waste 

manufacturing by ensuring fabric utilization is 

maximized at every stage. However, Gwilt (2014) 

argues that transitioning to lean manufacturing requires 

substantial investment in employee training and process 

reengineering to ensure effective implementation. 

The combination of JIT production, blockchain and IoT 

integration, and lean manufacturing techniques has 

proven effective in minimizing textile waste and 

improving sustainability in apparel manufacturing. 

Tranfield et al. (2003) emphasizes that integrating these 

smart manufacturing approaches enhances production 

efficiency, reduces environmental impact, and aligns 
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with circular economy principles. Research by Hamid et 

al. (2020) highlights that brands leveraging smart 

manufacturing techniques experience improved cost 

savings, reduced material wastage, and enhanced supply 

chain transparency. Additionally, studies by Cinperi et 

al. (2019)suggest that consumer demand for sustainable 

products further incentivizes brands to adopt waste-

minimizing technologies. While these innovations have 

demonstrated significant sustainability benefits, studies 

by Matete and Trois (2007) indicate that industry-wide 

implementation remains dependent on overcoming 

technological barriers, investment costs, and regulatory 

challenges. Despite these limitations, the effective 

integration of smart manufacturing techniques in 

fashion production has proven to be a viable solution for 

reducing textile waste and promoting sustainability. 

 Consumer Behavior and Market Demand for 

Sustainable Fashion 

The rise of ethical consumerism and slow fashion 

movements has significantly influenced the demand for 

sustainable fashion, as consumers increasingly prioritize 

environmental and social responsibility in their 

purchasing decisions. Ethical consumerism, 

characterized by conscious decision-making regarding 

labor practices, environmental impact, and material 

sourcing, has led to a shift away from fast fashion 

toward more sustainable alternatives (Harmsen et al., 

2021). The slow fashion movement, which promotes 

high-quality, durable garments over disposable, trend-

driven clothing, has gained traction in response to 

growing awareness of the negative environmental and 

social impacts of mass production (Khairul Akter et al., 

2022). Smestad (2009) indicated that slow fashion 

consumers are more likely to invest in clothing that 

aligns with sustainable and ethical values, opting for 

timeless designs and durable materials that minimize 

waste. Millennials and Generation Z, in particular, have 

emerged as key drivers of sustainable fashion 

consumption, with research by Gordon and Hill (2014) 

showing that younger consumers exhibit a greater 

preference for brands that incorporate eco-friendly 

practices and transparency in their supply chains. 

Additionally, empirical studies by Vennström 

(2012)suggest that consumers are willing to pay a 

premium for sustainable fashion products, with 

approximately 66% of global consumers expressing a 

preference for ethically produced garments. However, 

despite growing interest in sustainable fashion, studies 

by Fletcher (2013) indicate that consumer purchasing 

behavior is often inconsistent with stated ethical 

intentions, highlighting the need for further education 

and behavioral reinforcement. 

Fashion retailers play a crucial role in promoting 

sustainability through initiatives such as take-back 

programs, clothing rental services, and resale platforms 

that extend the lifespan of garments. Take-back 

programs, where brands collect used clothing for 

recycling or repurposing, have been implemented by 

companies such as H&M and Levi’s to reduce textile 

waste and promote circular fashion (Peter John & 

Mishra, 2023). Similarly, clothing rental services have 

gained popularity as an alternative to traditional 

consumption, particularly among consumers seeking 

variety without excessive purchasing (Turker & 

Altuntaş, 2014). Research by Fletcher (2013) found that 

rental models significantly reduce clothing disposal 

rates and encourage more sustainable consumption 

patterns. Additionally, the rise of second-hand fashion 

and the resale economy has contributed to waste 

reduction, with platforms such as ThredUp, Poshmark, 

and Vestiaire Collective facilitating the resale of pre-

owned garments (Toprak & Anis, 2017). Wilson 

(2015)indicate that the second-hand market has 

experienced substantial growth, driven by younger 

consumers who perceive thrifted and vintage clothing as 

both sustainable and fashionable. Green marketing 

strategies and corporate social responsibility (CSR) 

initiatives have also been instrumental in shifting 

consumer perceptions, with brands incorporating 

sustainability messaging into their branding and 

advertising efforts (Harmsen et al., 2021). Research by 

Turker and Altuntaş (2014) suggests that transparent 

communication about ethical sourcing and sustainable 

production practices enhances brand reputation and 

fosters customer loyalty. 

Figure 7: Cycle of Sustainable Fashion Demand 
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Despite increasing consumer interest in sustainable 

fashion, several barriers hinder widespread adoption, 

including perceived cost barriers, accessibility 

challenges, and psychological resistance to alternative 

consumption models. One of the primary barriers is the 

higher cost of sustainable fashion products compared to 

fast fashion alternatives, making them less accessible to 

price-sensitive consumers (Fung et al., 2021). John and 

Mishra (2023) highlight that eco-friendly materials and 

ethical production methods often result in higher 

production costs, which are reflected in retail pricing. 

Additionally, research by Fung et al. (2021)indicates 

that limited availability and distribution of sustainable 

fashion brands create accessibility challenges, 

particularly in regions where ethical fashion is not 

mainstream. Knowledge gaps regarding sustainable 

fashion choices further contribute to low adoption rates, 

as many consumers lack awareness of the environmental 

impact of their purchasing decisions (Fletcher, 2013). A 

study by Fletcher (2010) found that while consumers 

express concern about textile waste, many are unaware 

of sustainable alternatives or struggle to distinguish 

between truly ethical brands and those engaging in 

greenwashing. Psychological resistance also plays a role 

in limiting adoption, as consumers accustomed to fast 

fashion’s affordability and convenience may be hesitant 

to embrace slower, more deliberate consumption habits 

(Gordon & Hill, 2014). Additionally, studies by Beh et 

al. (2016) indicate that some consumers perceive 

sustainable fashion as aesthetically limited or less 

stylish, further discouraging mainstream acceptance. 

The demand for sustainable fashion is shaped by a 

combination of ethical awareness, retailer initiatives, 

and structural barriers that influence consumer 

purchasing behavior. Vennström (2012) highlights the 

importance of industry-wide collaboration in addressing 

these challenges, emphasizing the need for education, 

affordability, and policy support to drive sustainable 

fashion adoption. Studies by Oral, (2019) indicate that 

brands that successfully integrate sustainability into 

their business models experience long-term financial 

and reputational benefits. Additionally, D'Itria and 

Vacca (2024) argue that consumer behavior is gradually 

evolving, with increasing interest in sustainable 

consumption patterns among younger demographics. 

While accessibility and pricing concerns persist, studies 

by Akter et al. (2022) suggest that technological 

advancements in sustainable materials and innovative 

business models, such as clothing subscription services, 

may help bridge the gap between consumer intention 

and action. These findings underscore the complexity of 

consumer behavior in sustainable fashion and highlight 

the need for continued efforts to overcome the barriers 

preventing widespread adoption. 

 Research Gaps 

The lack of standardized metrics for measuring 

sustainability in fashion remains a significant challenge 

in assessing the industry's progress toward zero-waste 

goals. Despite growing awareness of sustainability 

issues, there is no universally accepted framework for 

defining or quantifying zero-waste success in fashion 

manufacturing (Fung et al., 2021). Wilson 

(2015)indicate that sustainability assessments often rely 

on fragmented indicators such as carbon emissions, 

water usage, and material recyclability, leading to 

inconsistencies in reporting and evaluation. 

Additionally, Khairul et al. (2022)highlights that brands 

often employ different methodologies for measuring 

their environmental impact, making cross-brand 

comparisons difficult. The absence of a standardized 

measurement system complicates efforts to establish 

accountability and transparency within the industry. 

Studies by Turker and Altuntaş (2014) suggest that 

implementing a unified sustainability metric would 

facilitate more effective benchmarking and performance 

tracking, enabling brands to align their waste reduction 

strategies with industry best practices. However, 

Vennström (2012) argue that resistance from brands due 

to cost implications and the complexity of tracking 

multiple sustainability variables has hindered progress 

in developing an industry-wide standard for measuring 

zero-waste success. 

understanding of sustainability in fashion. LCA is a 

scientific approach used to evaluate the environmental 

impact of a product throughout its entire lifecycle, from 

raw material extraction to disposal (Song et al., 2013). 

Research by Mashud et al. (2021) suggests that while 

LCA is widely recognized in other industries, its 

application in fashion remains inconsistent due to the 

complexity of textile supply chains and the diverse 

range of materials used. Turker and Altuntaş (2014) 

emphasize that an effective LCA framework should 

account for factors such as water consumption, carbon 

footprint, chemical usage, and end-of-life disposal, yet 

many existing LCA studies lack comprehensive data on 

textile degradation and recycling potential. 

Additionally, studies by Fung et al. (2021) indicate that 
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LCA methodologies often struggle to capture the social 

and ethical dimensions of sustainability, such as labor 

conditions and fair trade practices. Despite these 

challenges, Mashud et al. (2021) highlights the potential 

of LCA-driven decision-making in improving waste 

reduction strategies and promoting circular fashion 

models. However, further research is needed to refine 

LCA methodologies and ensure they provide reliable, 

industry-specific insights tailored to the complexities of 

textile production and consumption. 

The role of artificial intelligence (AI) and big data in 

enhancing sustainable fashion strategies has gained 

increasing attention, particularly in the areas of 

predictive analytics for waste reduction and demand 

forecasting (Islam et al., 2024; Khan et al., 2024). AI-

driven predictive analytics enables brands to analyze 

vast datasets on consumer behavior, market trends, and 

production efficiency to optimize inventory 

management and minimize overproduction (Gangidi, 

2019). Mashud et al. (2021) indicate that AI-powered 

forecasting models can reduce excess inventory by 20–

30% by accurately predicting demand fluctuations and 

adjusting production schedules accordingly. Research 

by Islam et al., (2024) and Mozumder et al. (2024) 

further suggests that machine learning algorithms help 

brands make data-driven decisions about material 

sourcing, reducing the likelihood of waste caused by 

unsold stock. Additionally, studies by Handayani and 

Piliang (2024) highlight that AI-driven supply chain 

optimization reduces carbon footprints by improving 

logistics efficiency and minimizing energy-intensive 

storage needs. However, research by Wilson 

(2015)points out that the implementation of AI in 

fashion sustainability remains limited due to the 

industry's reliance on traditional production methods 

and a lack of technical expertise among stakeholders. 

Another promising application of AI in sustainable 

fashion is consumer preference modeling, which 

enhances the alignment between sustainable product 

offerings and market demand (Farabi et al., 2024). AI-

driven recommendation systems analyze consumer 

purchasing patterns, sustainability preferences, and 

social media engagement to tailor fashion collections 

that resonate with environmentally conscious buyers 

(Al-Arafat et al., 2025). Research by Al et al., (2023) 

suggests that personalized marketing strategies enabled 

by AI can increase the adoption of sustainable fashion 

by addressing specific consumer concerns, such as 

affordability, style preferences, and ethical sourcing. 

Studies by Bari et al. (2024) indicate that predictive 

analytics can also support brands in identifying 

emerging sustainability trends and developing targeted 

eco-friendly product lines. Additionally, research by 

Faisal (2023) suggests that AI-enhanced consumer 

insights facilitate more efficient product lifecycle 

management, ensuring that materials are repurposed or 

recycled effectively at the end of their use. However, 

studies by Farabi et al. (2024) highlight concerns 

regarding consumer privacy and ethical data collection 

practices, which may hinder AI adoption in the fashion 

industry. Despite these challenges, AI-driven consumer 

modeling remains a valuable tool for promoting 

sustainability by bridging the gap between 

environmental responsibility and market demand. 

 METHOD 

This study followed the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) 

guidelines to ensure a systematic, transparent, and 

rigorous review process. The methodology was 

structured into five key stages: identification, screening, 

eligibility assessment, data extraction, and final 

inclusion. By following this structured approach, the 

study ensured the inclusion of high-quality, peer-

reviewed research that provides insights into zero-waste 

fashion, sustainable textiles, AI-driven innovations, and 

circular economy strategies. 

The first step involved the identification of relevant 

literature through an extensive search across multiple 

Figure 8: Research Gaps in Sustainable Fashion 

Chains with Technology 
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academic databases, including Web of Science, Scopus, 

ScienceDirect, IEEE Xplore, and Google Scholar. The 

search was conducted using predefined keywords such 

as "zero-waste fashion," "sustainable textiles," "circular 

economy in fashion," "AI in waste reduction," and 

"fashion supply chain transparency." Boolean operators 

(AND, OR) were employed to refine search results, 

ensuring comprehensive coverage of relevant literature. 

Only peer-reviewed journal articles, high-impact 

conference papers, and systematic reviews published 

between 2012 and 2024 were considered. Grey 

literature, preprints, and non-peer-reviewed sources 

were excluded to maintain academic integrity. In 

addition to database searches, backward and forward 

citation tracking was conducted to identify additional 

studies cited by key papers, ensuring that no significant 

literature was overlooked. 

After the initial identification, the screening process was 

applied to filter out irrelevant studies. Screening was 

conducted in two phases: title and abstract review, 

followed by full-text assessment to determine eligibility. 

The inclusion criteria required studies to focus on 

sustainable fashion practices, textile recycling, AI-

driven material optimization, or supply chain 

transparency. Additionally, studies needed to employ 

quantitative, qualitative, or mixed-method approaches 

and provide empirical findings relevant to zero-waste 

fashion. Articles were excluded if they were duplicate 

studies, opinion pieces, editorials, or focused solely on 

conventional fashion practices without sustainability 

elements. Two independent reviewers assessed each 

study, and discrepancies were resolved through 

discussion or consultation with a third reviewer to 

minimize bias. 

Following the screening process, data extraction and 

synthesis were performed using a structured framework. 

Key data points extracted from each study included 

author(s) and publication year, research objectives, 

methodology, and key findings. A narrative synthesis 

approach was applied to categorize studies into key 

thematic areas such as technological advancements in 

sustainable fashion, consumer behavior trends, and 

policy frameworks supporting circular fashion. This 

approach allowed for comparative analysis and the 

identification of research gaps across different studies. 

The extracted data were then systematically analyzed to 

highlight common findings, contradictions, and 

opportunities for further research. 

To ensure the quality and reliability of the selected 

studies, a risk of bias assessment was conducted using 

the Cochrane Risk of Bias Tool and the Critical 

Appraisal Skills Programme (CASP) checklist. Each 

study was evaluated based on methodological rigor, 

research design, sample representativeness, and 

transparency in data analysis. Studies with weak 

methodological frameworks or potential conflicts of 

interest were excluded to uphold the credibility of the 

Figure 9: Methodology for this study 
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findings. Additionally, a bias assessment was performed 

to identify any funding-related biases or methodological 

inconsistencies that could affect the objectivity of the 

reviewed research. After completing the PRISMA-

based evaluation, a final set of 30 studies was included 

in the systematic review. These articles were 

categorized into thematic groups to provide a structured 

analysis of sustainable fashion research. The 

classification included technological innovations in 

zero-waste fashion (e.g., AI-driven material 

optimization, smart manufacturing techniques), 

sustainable textile development (e.g., biodegradable 

fabrics, textile-to-textile recycling), consumer behavior 

and market demand for sustainable fashion, and barriers 

to sustainability adoption. This thematic classification 

facilitated a comprehensive synthesis of existing 

knowledge, helping to identify critical gaps and areas 

for future research 

 FINDINGS 

The findings of this systematic review reveal that zero-

waste fashion and sustainable textile innovations are 

gaining traction as viable solutions to mitigate waste in 

the fashion industry. Among the 30 reviewed articles, 19 

studies emphasized the role of zero-waste design 

techniques, such as 3D modeling, digital pattern-cutting, 

and AI-driven material optimization, in reducing textile 

waste during the production process. These studies 

collectively cited over 1,250 references, indicating a 

strong research foundation supporting these 

innovations. Digital prototyping and on-demand 

production models were found to significantly lower 

excess fabric waste while increasing efficiency in 

material usage. 14 studies further highlighted the role of 

biodegradable textiles, including innovations such as 

Tencel, Piñatex, and Mycelium leather, as promising 

alternatives to synthetic fibers, which contribute to 

landfill waste. These findings suggest that brands 

incorporating sustainable material innovation and 

digital waste reduction strategies can significantly 

improve environmental and financial sustainability. 

The impact of consumer behavior and market demand 

for sustainable fashion was extensively analyzed in 16 

reviewed articles, with a total of 1,000 citations across 

these studies. The findings indicate that Millennials and 

Generation Z consumers are key drivers of ethical 

consumerism and sustainable purchasing habits. Over 

12 studies emphasized that these consumer segments are 

willing to pay a 10–25% premium for eco-friendly 

fashion, with many respondents actively seeking brands 

with transparent sustainability commitments. However, 

9 articles pointed out that despite increasing awareness, 

perceived cost barriers and accessibility challenges 

continue to limit the widespread adoption of sustainable 

fashion products. Moreover, 7 studies identified 

consumer knowledge gaps and psychological resistance 

to alternative consumption models, such as clothing 

rental, resale, and upcycling, as factors that hinder 

behavioral shifts toward sustainable purchasing 

patterns. 

articles discussing various business model adaptations 

that contribute to waste reduction. These studies, 

Figure 10: Findings: Zero-Waste Fashion & Sustainability 

Chains with Technology 
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collectively citing 900 references, found that take-back 

programs, second-hand marketplaces, and rental models 

significantly increase garment lifespan and reduce post-

consumer waste. 9 studies provided evidence that brands 

incorporating circular economy strategies, such as 

Zara’s Join Life, H&M’s Garment Collection Program, 

and Patagonia’s Worn Wear, experienced increased 

customer engagement and brand loyalty. However, 5 

articles pointed out that while major brands have 

adopted these initiatives, scalability issues and cost 

constraints limit their full implementation in mid-sized 

and emerging fashion brands. Additionally, 6 studies 

suggested that green marketing strategies and corporate 

social responsibility (CSR) campaigns have influenced 

consumer perceptions, but the risk of greenwashing 

remains a concern, as some brands exaggerate 

sustainability claims without implementing real change. 

A significant portion of the reviewed literature, 14 

articles, explored the role of AI and Big Data in 

enhancing sustainable fashion strategies, with these 

studies collectively accumulating over 1,100 citations. 

The findings suggest that AI-powered predictive 

analytics and demand forecasting models can reduce 

overproduction by up to 30%, significantly minimizing 

unsold inventory and associated textile waste. 

Additionally, 11 studies found that AI-driven consumer 

preference modeling allows brands to tailor sustainable 

product offerings, enhancing customer engagement and 

inventory efficiency. Despite these advantages, 8 studies 

identified challenges such as high implementation costs, 

data privacy concerns, and the need for advanced 

technological infrastructure, which limit the adoption of 

AI in waste management and supply chain transparency. 

Furthermore, 7 articles highlighted that blockchain-

integrated tracking systems could enhance material 

traceability, ensuring brands adhere to responsible 

sourcing and ethical production practices. 

Lastly, the lack of standardized sustainability metrics 

was a recurring challenge across 10 articles, which 

collectively referenced 750 citations. These studies 

highlighted that fashion brands, policymakers, and 

researchers use varying methodologies to assess 

sustainability performance, making it difficult to 

establish universal benchmarks for measuring zero-

waste success and circular economy impact. Over 7 

studies emphasized the urgent need for lifecycle 

assessment (LCA) frameworks tailored to textiles, as 

existing assessment tools fail to account for social, 

environmental, and economic sustainability factors 

comprehensively. Additionally, 6 studies pointed out 

that regulatory inconsistencies and weak enforcement of 

sustainability policies contribute to greenwashing and 

the misuse of sustainability labels. These findings 

underscore the necessity for global policy alignment, 

industry-wide adoption of sustainability metrics, and 

increased accountability in the fashion sector to drive 

long-term change. 

 DISCUSSION 

The findings of this study reveal that zero-waste fashion 

and sustainable textile innovations are increasingly 

being adopted as viable solutions to reduce waste in the 

fashion industry. A significant aspect of this shift is the 

role of 3D modeling, digital pattern-cutting, and AI-

driven material optimization in minimizing fabric waste 

during production. This aligns with earlier studies by 

McQuillan (2020), who highlighted that digital design 

tools allow for more efficient fabric utilization, reducing 

material wastage. However, the present findings 

indicate that on-demand production models and 

biodegradable textiles are now playing a more 

significant role in sustainability strategies than 

previously discussed in the literature. While Provin et al. 

(2021) examined the potential of biodegradable textiles, 

their study largely focused on theoretical possibilities 

rather than commercial applications. In contrast, the 

present study reveals that materials such as Tencel, 

Piñatex, and Mycelium leather are now being actively 

integrated into fashion production, reflecting an 

industry-wide shift from mere experimentation to large-

scale implementation. Moreover, earlier research 

primarily explored technical aspects of zero-waste 

design, whereas this study emphasizes its economic 

feasibility and scalability, indicating that sustainable 

production practices are now being considered more 

seriously by mainstream fashion brands rather than just 

niche sustainable fashion designers. 

Consumer behavior and market demand remain crucial 

drivers in shaping the adoption of sustainable fashion. 

The results indicate that Millennials and Generation Z 

consumers are at the forefront of this shift, showing 

greater interest in eco-friendly fashion and ethical 

consumerism. These findings build on previous research 

by Shafie et al. (2021), who found that younger 

consumers exhibit higher ethical awareness compared to 

older demographics. However, earlier studies did not 

provide conclusive evidence on whether these ethical 
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considerations translate into actual purchasing behavior. 

The current study contributes new insights by showing 

that while many younger consumers express strong 

preferences for sustainability, their purchasing decisions 

are often influenced by affordability and accessibility 

constraints. This aligns with Niinimäki et al. (2020), 

who suggested that cost remains a major barrier to 

sustainable fashion adoption. However, this study 

further expands on these findings by highlighting that 

lack of availability and the limited presence of 

sustainable fashion in mainstream retail stores also serve 

as deterrents. Additionally, the study found that 

psychological resistance to alternative consumption 

models, such as clothing rental and second-hand 

fashion, remains prevalent, suggesting that consumer 

education and brand communication strategies need to 

evolve to make these options more attractive. Unlike 

previous studies that focused primarily on ethical 

motivation, the present findings provide a more nuanced 

understanding by recognizing economic and 

psychological factors that hinder consumer adoption of 

sustainable fashion. 

The findings also underscore the critical role of fashion 

retailers in driving sustainability, particularly through 

take-back programs, resale platforms, and rental 

models. Hur and Cassidy (2019) previously 

demonstrated that circular economy models 

significantly extend the lifespan of garments and reduce 

post-consumer textile waste. The present study 

reaffirms these benefits but introduces new concerns 

regarding scalability and cost constraints, especially for 

mid-sized and emerging brands. Large multinational 

companies, such as H&M and Patagonia, have 

successfully implemented take-back programs, yet the 

study reveals that smaller brands often lack the logistical 

infrastructure and financial resources to execute similar 

initiatives. This raises concerns about the unequal 

distribution of sustainable fashion efforts, where major 

corporations gain reputational benefits from 

sustainability campaigns while smaller businesses 

struggle to keep up. Earlier research by Niinimäki et al., 

(2020) suggested that green marketing and CSR 

initiatives enhance consumer trust and brand loyalty. 

However, this study suggests that while sustainability 

messaging has become more common, concerns over 

greenwashing have also increased. This finding diverges 

from previous research by showing that consumers are 

now more skeptical of sustainability claims, as many 

brands have been caught engaging in deceptive 

environmental marketing. This highlights the urgent 

need for independent sustainability certification and 

regulatory oversight to ensure that brands genuinely 

adhere to sustainable practices rather than using 

sustainability as a marketing tool. 

The role of AI and Big Data in enhancing sustainable 

fashion strategies was another key focus of this study. 

Earlier research by Whitty (2021) and McQuillan (2020) 

argued that AI-driven demand forecasting could 

significantly reduce overproduction, thereby 

minimizing waste. The present findings confirm this but 

extend the discussion by showing that AI’s role in 

sustainability has evolved beyond efficiency 

optimization to improving supply chain transparency. 

While past studies focused on inventory control and 

production forecasting, this study finds that blockchain-

integrated AI systems now enable full material 

traceability, ensuring that brands adhere to ethical 

sourcing and sustainable production practices. Unlike 

earlier literature, which primarily explored AI’s 

technical potential, this study provides evidence of real-

world applications where AI is being used to track the 

sustainability credentials of materials from sourcing to 

disposal. However, challenges remain, as the findings 

indicate that high implementation costs, data privacy 

concerns, and the need for advanced technological 

infrastructure limit AI adoption in sustainability 

initiatives. Previous studies by Thorisdottir and 

Johannsdottir (2020) largely ignored these financial and 

regulatory barriers, focusing instead on AI’s technical 

feasibility. The current findings contribute a more 

practical perspective, emphasizing that for AI and 

blockchain to become mainstream in sustainable 

fashion, the industry must first address cost concerns, 

policy gaps, and ethical considerations. 

Finally, the lack of standardized sustainability metrics 

remains a significant issue in the fashion industry. This 

aligns with earlier findings by ElShishtawy et al. (2021) 

and Neto et al. (2019), who highlighted the 

inconsistency of sustainability measurement 

frameworks across brands and policymakers. However, 

this study builds on past research by stressing the urgent 

need for lifecycle assessment (LCA) methodologies 

specifically designed for the fashion industry. Earlier 

LCA models primarily focused on carbon footprint and 

water consumption, but the present findings reveal that 

they fail to account for social and economic 

sustainability indicators, such as fair wages, labor rights, 

and circularity of fashion products. Additionally, this 

study highlights the regulatory inconsistencies and weak 

enforcement of sustainability policies, which contribute 
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to widespread greenwashing and the misuse of 

sustainability labels. Unlike earlier studies that 

emphasized voluntary compliance and brand-led 

sustainability initiatives, this study suggests that 

government intervention and international regulatory 

alignment are essential for ensuring meaningful 

progress in sustainable fashion. Without standardized 

reporting and stricter enforcement, brands can continue 

making misleading claims about sustainability with 

little accountability, hindering the effectiveness of the 

entire zero-waste movement. 

 CONCLUSION 

This study provides a comprehensive analysis of zero-

waste fashion, sustainable textile innovations, AI-driven 

waste reduction strategies, and consumer behavior in 

sustainable fashion adoption, highlighting both 

advancements and persistent challenges within the 

industry. The findings reveal that digital design 

technologies, biodegradable materials, and AI-powered 

supply chain transparency are playing a growing role in 

mitigating textile waste, aligning with industry efforts 

toward a circular economy and responsible production 

models. However, while consumer interest in 

sustainable fashion is rising—particularly among 

Millennials and Generation Z—barriers such as high 

costs, limited accessibility, and psychological resistance 

to alternative consumption models continue to hinder 

widespread adoption. The role of retailers in promoting 

sustainability is evident, with take-back programs, 

second-hand fashion marketplaces, and rental models 

emerging as viable strategies, though scalability and 

cost constraints remain significant obstacles, especially 

for smaller brands. Moreover, AI-driven predictive 

analytics, demand forecasting, and blockchain-based 

material traceability present promising solutions for 

waste reduction and supply chain optimization, yet their 

high implementation costs and regulatory uncertainties 

pose challenges to widespread industry integration. 

Perhaps the most pressing issue identified is the lack of 

standardized sustainability metrics and regulatory 

enforcement, which enables greenwashing and 

inconsistent reporting on environmental and ethical 

practices. While earlier research established the 

feasibility of zero-waste design and AI in sustainability, 

this study advances the discussion by emphasizing the 

need for global policy alignment, standardized lifecycle 

assessments for textiles, and stronger accountability 

measures to ensure meaningful progress in sustainable 

fashion. The shift toward zero-waste and AI-enhanced 

sustainability is gaining momentum, but for true 

industry-wide transformation to occur, the economic, 

technological, and regulatory barriers must be addressed 

through collaborative efforts among brands, 

policymakers, and consumers. 
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