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The textile and apparel industry are a critical driver of global economic development, yet it 

remains one of the most environmentally intensive sectors. This study conducts a systematic 

literature review of 38 peer-reviewed publications from 2020 to 2025 to examine the 

intersection of environmental pollution, sustainability practices, and climate resilience within 

the textile value chain. Utilizing the PRISMA 2020 framework, the review synthesizes 

evidence across multiple domains, including industrial ecology, circular economy, digital 

innovation, and policy integration. Key findings highlight persistent challenges such as high 

water and energy consumption, hazardous chemical discharge, and limited material circularity, 

particularly in low- and middle-income countries. Concurrently, the analysis identifies 

emerging solutions involving bio-based materials, closed-loop production systems, and the 

deployment of Industry 4.0 technologies such as blockchain, artificial intelligence, and digital 

twins to enhance traceability and operational efficiency. The study also introduces climate 

resilience as a critical yet underrepresented dimension in textile sustainability discourse, 

emphasizing the need for adaptive capacity, stakeholder collaboration, and regulatory 

coherence. By integrating environmental, economic, and technological perspectives, this 

review contributes a comprehensive framework for guiding the textile sector’s transition 

toward sustainability and resilience in alignment with global climate and development goals. 
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1. Introduction 
 

The textile industry is among the world’s most 

prominent economic sectors, deeply interwoven 

with the fabric of global commerce and cultural 

identity. Historically rooted and continuously 

evolving, it spans a diverse range of products from 

apparel and home furnishings to technical textiles, 

produced using both natural fibers such as cotton, 

wool, and silk and synthetic variants like polyester 

and nylon (Raihan, 2023; Sarwar & Khan, 2022). 

The sector has grown exponentially over the past 

few decades, driven by rising global incomes, 

population growth, and shifting consumer 

preferences toward fast fashion and seasonal 

trends. This expansion has led to a complex and 

globalized supply chain that supports millions of 

livelihoods and contributes significantly to the 

gross domestic product of many nations, 

particularly in developing economies such as 

Bangladesh, India, and Vietnam. 

 

However, this economic dynamism is 

accompanied by profound environmental and 

social costs. The textile industry is responsible for 

substantial water and air pollution, soil 

degradation, and greenhouse gas emissions, 

making it one of the most polluting industrial 

sectors globally (Leal Filho et al., 2024; Grazzini 

et al., 2021). Less than one percent of all textiles is 

recycled back into clothing, with the majority 

ending up in landfills or incinerators, further 

exacerbating ecological degradation (Ellen 

MacArthur Foundation, 2017). Moreover, the 

sector often relies on cheap labor and resource-

intensive production methods, raising concerns 

about human rights and ethical sourcing (Abbate et 

al., 2024). These challenges underscore the urgent 

need for sustainable transformation across the 

textile value chain, integrating environmental 

stewardship with economic viability and social 

equity. 

 

While the literature has extensively documented 

the environmental and economic dimensions of the 

textile industry, there remains a critical research 

gap in synthesizing these aspects through an 

integrated lens that also includes climate resilience, 

digital transformation, and circular economy 

transitions. Much of the existing research tends to 

focus on isolated interventions such as cleaner 

production technologies, policy reforms, or 

material innovations without adequately 

addressing how these elements interact across the 

textile value chain. Furthermore, the role of 

emerging technologies such as artificial 

intelligence, blockchain, and digital twins in 

enabling circular economy models remains 

underexplored, particularly in the context of 
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developing economies (Orisadare et al., 2025; 

Setyadi et al., 2025).  

 

This review aims to deconstruct the dual nature of 

the textile industry by bringing together diverse 

strands of literature ranging from economic 

analyses (Raihan, 2023; Raian et al., 2022) and 

environmental studies (Sarwar & Khan, 2022; Leal 

Filho et al., 2024) to technological innovations 

(Tseng et al., 2022) and policy frameworks 

(Abbass et al., 2022). 

 

The contribution of this review lies in its 

interdisciplinary synthesis of economic, 

environmental, and technological perspectives, 

offering a comprehensive understanding of the 

textile sector’s sustainability challenges and 

opportunities. It introduces climate resilience as a 

critical yet underrepresented dimension in textile 

sustainability discourse, emphasizing the need for 

adaptive capacity, stakeholder collaboration, and 

systemic innovation. By contextualizing the 

industry's transformation within the broader 

framework of global sustainability goals and post-

pandemic recovery, the study provides novel 

insights into how the textile sector can evolve 

toward a more resilient and environmentally 

responsible future. In doing so, it not only 

contributes to academic discourse but also offers 

actionable knowledge for policymakers, industry 

leaders, and researchers committed to sustainable 

development. 

 

2. Methodology 

 
This study adopts a systematic literature review 

(SLR) approach to explore the environmental, 

economic, and technological dimensions of 

sustainability and climate resilience in the global 

textile industry. The review is structured around 

the PRISMA 2020 framework, ensuring 

transparency and replicability in the identification, 

screening, and inclusion of relevant literature. The 

review process was designed to capture 

interdisciplinary perspectives, including 

environmental science, industrial ecology, 

innovation studies, and policy analysis. The search 

was conducted across five major academic 

databases Scopus, ScienceDirect, SpringerLink, 

Taylor & Francis, and Google Scholar—using a 

combination of thematic keywords such as “textile 

industry,” “pollution,” “sustainable textiles,” 

“circular economy,” “climate resilience,” and 

“digital transformation.” The search was limited to 

peer-reviewed English-language publications from 

2020 to 2025. 

 

The initial search yielded 132 records. After 

removing 24 duplicates, 108 unique articles were 

screened based on titles and abstracts, resulting in 

the exclusion of 35 articles that did not meet the 

thematic or methodological criteria. The remaining 

47 articles underwent full-text review, during 

which 9 were excluded for lacking relevance to the 

core themes of sustainability, pollution, or climate 

adaptation. Ultimately, 38 articles were selected 

for inclusion in the final synthesis. These studies 

span a range of geographies and methodological 

approaches, including empirical case studies, 

policy analyses, and technological assessments. 

The final selection reflects a balanced 

representation of foundational and emerging 

research, offering a comprehensive view of the 

textile sector’s transition toward sustainability. 

 

The year-by-year breakdown of article 

identification and inclusion is presented in figure 2. 

This distribution highlights the growing scholarly 

interest in sustainable textiles, particularly in the 

post-pandemic period. The selected studies were 

analyzed using a narrative synthesis approach, 

allowing for the integration of diverse findings 

across economic, environmental, and technological 

domains. This methodology supports a holistic 

understanding of the textile industry’s 

sustainability challenges and opportunities, while 

also identifying gaps for future research and policy 

development. 

 

3. Results and Discussion 
 

3.1. Economic significance of the textile industry 

 

The global textile industry continues to be a vital 

pillar of the world economy, with an estimated 

market value of $1.5 trillion in 2023, reflecting its 

expansive role in trade, innovation, and consumer 

demand (Raihan, 2023). This valuation 

underscores the industry's integration into diverse 

value chains, including agriculture (e.g., cotton), 

petrochemicals (e.g., polyester), and advanced 

manufacturing. In countries like Bangladesh, 

Vietnam, and Pakistan, textiles account for over 

10% of GDP and more than 80% of total exports, 

making the sector indispensable to national 

economic strategies (Orisadare et al., 2025). 
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Figure 1: A flow diagram showing articles identified, selected and excluded, sources: author’s 

compilation 

 

 
 

Figure 2: Articles identified and selected in each year, sources: author’s compilation 

 

Recent trends show a growing emphasis 

on technological innovation, particularly through 

the adoption of Industry 4.0 and 5.0 

technologies such as AI, IoT, and robotics. These 

tools are enhancing productivity, reducing waste, 

and enabling the transition to circular economy 

models a shift that is increasingly demanded by 

both consumers and regulators (Orisadare et al., 

2025). Despite global economic fluctuations, 

the International Textile Manufacturers Federation 

(ITMF) reported cautious optimism for the sector’s 

recovery in 2025, especially in Africa and the 

Americas, where investment in sustainable 

practices is gaining momentum (Global Textile 

Times, 2025). 

 

3.2. Employment and social impact 

 

The textile and apparel industry are one of the 

largest global employers, providing direct and 

indirect employment to approximately 300 million 

people worldwide (ILO, 2025). In South Asian 

economies like Bangladesh, the sector employs 

over 4 million workers, with women comprising 

nearly 80% of the garment workforce (Raihan, 

2023). This gendered employment structure has 

significant implications for women’s 
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empowerment, offering financial independence, 

enhanced social status, and increased participation 

in household decision-making (Orisadare et al., 

2025). 

Beyond gender equity, the industry plays a critical 

role in poverty alleviation and rural development, 

particularly by offering low-skilled workers a 

pathway into the formal economy. However, the 

sector also faces persistent challenges, 

including low wages, occupational hazards, 

and limited access to social protection. The ILO 

emphasizes the need for stronger labor governance 

and sustainable supply chain practices to ensure 

that economic gains do not come at the expense of 

workers’ rights and well-being (ILO, 2025). 

 

3.3. Economic multiplier effects 

 

The textile industry’s economic influence extends 

well beyond its immediate production activities, 

creating a ripple effect across multiple sectors. 

This multiplier effect is particularly evident in the 

way textile manufacturing stimulates demand 

in agriculture (e.g., cotton farming), chemical 

industries (e.g., dyes and synthetic fibers), 

logistics, packaging, retail, and financial services. 

These interdependencies form a complex value 

chain that supports regional development and 

industrial diversification (Chen et al., 2021). 

 

In developing economies, the textile sector often 

acts as a catalyst for industrialization, encouraging 

infrastructure development, investment in 

transportation networks, and the growth of small 

and medium-sized enterprises (SMEs) that provide 

auxiliary services such as embroidery, printing, 

and tailoring (Coscieme et al., 2022). For example, 

in Bangladesh, the rise of garment exports has led 

to the expansion of port facilities, banking services, 

and urban housing markets, demonstrating the 

sector’s broader economic reach (Raihan, 2023). 

Moreover, the shift toward circular business 

models such as textile recycling, resale platforms, 

and rental services is creating new economic 

opportunities and job categories, particularly in 

urban centers (Coscieme et al., 2022). These 

models not only reduce environmental impact but 

also diversify income streams and foster 

innovation in product design, logistics, and 

customer engagement. Table 1 summarizes the 

multifaceted contributions of the textile industry, 

encompassing its global market value, employment 

dynamics, technological innovations, and 

sustainability challenges. 

 

Table 1: Economic, social, and environmental 

contributions of the textile industry 

 
Dimension Key Insights Sources 

Global Market 

Value 

$1.5 trillion in 

2023; major 

contributor to 

GDP and exports 

in developing 

nations 

Raihan 

(2023); 

Orisadare et 

al. (2025) 

Technological 

Innovation 

Adoption of 

Industry 4.0/5.0, 

circular economy 

models, 

automation 

Orisadare et 

al. (2025) 

Employment 300 million 

globally; 80% of 

garment workers 

are women 

ILO (2025); 

Raihan 

(2023) 

Social Impact Gender 

empowerment, 

poverty reduction, 

rural development 

Orisadare et 

al. (2025); 

ILO (2025) 

Environmental 

Impact 

10% of global 

emissions; water 

pollution; low 

recycling rates 

Haider 

Naqvi et al. 

(2024); 

Abbate et 

al. (2023) 

Sustainability 

Challenges 

High resource 

use; limited 

circularity; need 

for policy and 

innovation 

Haider 

Naqvi et al. 

(2024) 

Economic 

Multiplier 

Effects 

Stimulates 

agriculture, 

logistics, retail, 

and financial 

services; supports 

SMEs 

Chen et al. 

(2021); 

Coscieme et 

al. (2022); 

Raihan 

(2023) 

Source: authors compilation from reviewed articles 

 

3.4. Environmental impacts: pollution and 

emissions 

 

3.4.1. Industrial pollution: water, air, and soil 

 

Despite its economic significance, the textile 

industry is widely recognized as one of the most 

environmentally damaging sectors. The production 

processes particularly dyeing, finishing, and 

synthetic fiber manufacturing are major 

contributors to industrial pollution. According to 

Sarwar and Khan (2022), the textile sector is 

responsible for approximately 20% of global 

industrial water pollution, largely due to the 

discharge of untreated wastewater containing toxic 

dyes, heavy metals, and volatile organic 

compounds (VOCs) into rivers and lakes. These 



 Hossain, 2025, Int. J. Appl. Res., 11: 63-73                                                                   67 
 

 

 

pollutants severely degrade aquatic ecosystems 

and pose long-term health risks to communities 

relying on these water sources. 

 

Air pollution is another critical concern. 

The combustion of fossil fuels in textile mills and 

the release of VOCs during processing contribute 

to respiratory and cardiovascular illnesses among 

workers and nearby populations (Leal Filho et al., 

2024). Additionally, the sector emits significant 

quantities of greenhouse gases (GHGs), further 

exacerbating global climate change. The European 

Environment Agency has identified textile 

consumption as one of the top five contributors to 

GHG emissions from a lifecycle perspective  

 

Soil degradation is also linked to the industry, 

particularly through cotton cultivation, which 

relies heavily on pesticides and fertilizers. These 

chemicals not only reduce soil fertility but also 

contaminate groundwater and harm biodiversity 

(Haider Naqvi et al., 2024). Moreover, the 

accumulation of synthetic textile waste in landfills 

contributes to long-term soil contamination due to 

the slow degradation of plastic-based fibers. 

 

3.4. Carbon footprint and lifecycle emissions 

 

As illustrated in Table 2, the textile sector exerts 

significant environmental pressure through water 

and air pollution, greenhouse gas emissions, and 

limited circularity in material use. 

The carbon footprint of the textile industry is 

substantial, accounting for approximately 10% of 

global carbon emissions, making it the second-

largest industrial polluter after oil and gas (Mayer 

& Birkocak, 2024). Emissions are generated 

throughout the value chain from fiber production 

and fabric processing to transportation, retail, and 

consumer use. For example, polyester production 

is highly energy-intensive, while cotton farming 

consumes vast amounts of water and emits nitrous 

oxide, a potent greenhouse gas. 

 

Lifecycle assessments (LCAs) reveal that the 

environmental burden of textiles spans the entire 

product lifecycle, including washing, drying, and 

disposal. These stages contribute significantly 

to microplastic pollution, especially from synthetic 

fibers like polyester and nylon, which shed 

particles during laundering (Abbate et al., 2023). 

The reuse, recycling, and resale of garments key 

components of circular economy models remain 

underutilized, with less than 1% of textiles 

recycled into new clothing 

To address these challenges, researchers and 

policymakers advocate for integrated sustainability 

strategies, including eco-design, renewable energy 

adoption, closed-loop recycling systems, 

and regulatory frameworks that enforce 

environmental compliance across the supply chain 

(Coscieme et al., 20220) 

 

Table 2: Environmental Impacts of the Textile 
Industry  

 

Impact 

Area 

Key Issues Sources 

Water 

Pollution 

Textile dyeing and finishing 

contribute to ~20% of 

global industrial water 

pollution. Discharge of 

toxic dyes, heavy metals, 

and VOCs harms aquatic 

ecosystems and human 

health. 

Sarwar 

& Khan 

(2022) 

Air 

Pollution 

Fossil fuel combustion and 

VOC emissions from 

processing are linked to 

respiratory and 

cardiovascular diseases. 

Significant GHG emissions 

contribute to climate 

change. 

Leal 

Filho et 

al. 

(2024) 

GHG 

Emissions 

Textile consumption is 

among the top five 

contributors to lifecycle 

GHG emissions in Europe. 

Europea

n 

Environ

ment 

Agency 

(2023)  

Soil 

Degradati

on 

Pesticide and fertilizer use 

in cotton farming degrades 

soil quality and 

biodiversity. Synthetic 

textile waste contributes to 

long-term soil 

contamination. 

Haider 

Naqvi et 

al. 

(2024) 

Carbon 

Footprint 

Textile industry accounts 

for ~10% of global carbon 

emissions; emissions occur 

across the value chain. 

Mayer & 

Birkoca

k (2024) 

Lifecycle 

Emissions 

Environmental burden 

spans entire lifecycle: 

production, transport, use, 

and disposal. Microplastic 

pollution from synthetic 

fibers is a growing concern. 

Abbate 

et al. 

(2023) 

Circularit

y Gaps 

Less than 1% of textiles are 

recycled into new 

garments; circular economy 

practices remain 

underutilized. 

Cosciem

e et al. 

(2022) 

Source: authors compilation from reviewed articles 
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3.5. Sustainable and Circular Practices in the 

Textile Industry 

 

3.5.1. Adoption of eco-friendly materials and 

cleaner production technologies 

 

In response to the environmental degradation 

caused by traditional textile manufacturing, the 

industry is increasingly embracing eco-friendly 

materials and cleaner production technologies. 

Materials such as organic cotton, hemp, bamboo, 

and recycled polyester are gaining popularity due 

to their lower environmental impact. These 

alternatives reduce the use of pesticides, water, and 

fossil fuels compared to conventional fibers 

(Muñoz-Torres et al., 2021). 

 

Technological innovations such as waterless 

dyeing, enzyme-based processing, and closed-loop 

recycling systems are being adopted to reduce 

water consumption, chemical discharge, and 

energy use. For instance, supercritical CO₂ 

dyeing eliminates the need for water and reduces 

dye waste, while closed-loop viscose 

production captures and reuses solvents, 

minimizing emissions (Chen et al., 2021). These 

technologies are not only environmentally 

beneficial but also improve operational efficiency 

and brand reputation. 

 

3.5.2. Implementation of circular economy 

models 

 

The circular economy is transforming the textile 

sector by replacing the traditional linear model of 

“take, make, dispose” with systems that 

emphasize reuse, repair, recycling, and 

remanufacturing. Companies are redesigning 

products for durability and recyclability, using 

modular designs and mono-materials to facilitate 

disassembly and material recovery (Coscieme et 

al., 2022). 

 

Business models such as clothing 

rental, subscription services, and take-back 

programs are becoming more common, 

particularly among fashion retailers aiming to 

reduce waste and extend product lifecycles. These 

models not only reduce environmental impact but 

also open new revenue streams and strengthen 

customer loyalty. However, widespread adoption 

still faces challenges related to consumer 

behavior, logistics, and cost structures. 

 

3.5.3. Case studies in sustainability 

Several companies have emerged as leaders in 

sustainable textile practices. Patagonia has 

pioneered repair and resale programs, encouraging 

customers to extend their garments. H&M’s 

Conscious Collection integrates sustainable 

materials like organic cotton and recycled 

polyester into mainstream fashion, demonstrating 

scalability (Pan et al., 2023). Meanwhile, ISKO, a 

denim manufacturer, has implemented water-

saving dyeing technologies and certified 

sustainable cotton sourcing, significantly reducing 

its environmental footprint. 

 

These case studies illustrate that sustainability and 

profitability are not mutually exclusive. They serve 

as benchmarks for other companies seeking to 

align with global sustainability goals while 

maintaining competitive advantage. Table 3 

presents key sustainable and circular practices 

adopted by the textile industry, including eco-

friendly materials, cleaner production 

technologies, and innovative business models. 

 

Table 3: Sustainable and circular practices in the 

textile industry 

 
Focus Area Key Practices Sources 

Eco-Friendly 

Materials 

Use of organic 

cotton, hemp, 

bamboo, recycled 

polyester 

Muñoz-

Torres et al. 

(2021); 

Chen et al. 

(2021) 

Cleaner 

Production 

Technologies 

Waterless dyeing, 

enzyme-based 

processing, closed-

loop systems 

Chen et al. 

(2021) 

Circular 

Economy 

Models 

Product redesign, 

take-back 

programs, rental 

and resale 

platforms 

Coscieme et 

al. (2022) 

Business 

Model 

Innovation 

Subscription 

services, modular 

design, mono-

material use 

Coscieme et 

al. (2022) 

Industry Case 

Studies 

Patagonia 

(repair/reuse), 

H&M (sustainable 

collections), ISKO 

(water-saving tech) 

Pan et al. 

(2023) 

Source: authors compilation from reviewed articles 

 

3.6. Climate resilience strategies in the textile 

sector 

 

3.6.1. Sustainable sourcing and energy 

efficiency 
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As climate change intensifies, the textile industry 

is increasingly prioritizing sustainable 

sourcing and energy efficiency to enhance 

resilience. Sustainable sourcing involves the 

procurement of raw materials such as organic 

cotton, hemp, and recycled fibers—through 

environmentally and socially responsible practices. 

This approach not only reduces environmental 

degradation but also supports ethical labor 

standards and supply chain transparency (Hossain 

et al., 2025). 

 

Energy efficiency is another cornerstone of climate 

resilience. Many textile manufacturers are 

transitioning to renewable energy sources (e.g., 

solar, wind) and adopting energy-efficient 

machinery to reduce dependency on fossil fuels. 

These measures help mitigate carbon emissions 

and protect businesses from volatile energy 

markets and supply chain disruptions (Samant et 

al., 2024). 

 

3.6.2 Technological innovations for climate 

adaptation 

 

Technological innovation plays a transformative 

role in climate adaptation. Tools such as digital 

printing, 3D knitting, and automated 

cutting reduce material waste and energy use by 

increasing precision and minimizing 

overproduction. These technologies also 

enable on-demand manufacturing, which reduces 

inventory waste and shortens supply chains (Tseng 

et al., 2022). 

 

Emerging fields like synthetic 

biology and advanced materials science are 

enabling the development of bio-based and 

biodegradable fibers, such as spider silk proteins 

and mycelium-based textiles. These innovations 

offer promising alternatives to resource-intensive 

materials and align with long-term sustainability 

goals (Jakobsen et al., 2025). 

 

3.6.3. Building adaptive capacity through 

stakeholder collaboration 

 

Climate resilience in the textile sector is not 

achievable through isolated efforts. It 

requires multi-stakeholder collaboration involving 

manufacturers, brands, governments, NGOs, and 

research institutions. Platforms like the Higg 

Index and the Apparel Impact Institute provide 

standardized tools for measuring environmental 

and social performance, fostering transparency and 

accountability (Sharpe et al., 2022). Table 4 

outlines strategic approaches to climate resilience 

in the textile sector, highlighting sustainable 

sourcing, energy efficiency, technological 

innovation, and stakeholder collaboration. 

 

International frameworks such as the UN 

Sustainable Development Goals (SDGs) and 

the EU Circular Textile Strategy are also guiding 

industry-wide transformation. These initiatives 

encourage systemic change by promoting policy 

alignment, capacity building, and cross-sector 

partnerships (Abbass et al., 2022). 
 

Table 4: Climate resilience strategies in the textile 

sector 

 
Strategy Area Key Practices Sources 

Sustainable 

Sourcing 

Ethical 

procurement of 

organic and 

recycled materials; 

supply chain 

transparency 

Hossain et 

al. (2025) 

Energy 

Efficiency 

Use of renewable 

energy, energy-

efficient 

machinery, and 

process 

optimization 

Samant et 

al. (2024) 

Technological 

Innovation 

Digital printing, 3D 

knitting, synthetic 

biology, 

biodegradable 

fibers 

Tseng et al. 

(2022); 

Jakobsen et 

al. (2025) 

Stakeholder 

Collaboration 

Higg Index, 

industry coalitions, 

SDGs, EU Circular 

Textile Strategy 

Sharpe et 

al. (2022); 

Abbass et 

al. (2022) 

Source: authors compilation from reviewed articles 

 

3.7. Role of innovation, technology, and 

stakeholder engagement in sustainability 

 

3.7.1. Digital transformation and data-driven 

practices 

 

The textile industry is undergoing a digital 

revolution that is reshaping how sustainability is 

implemented and measured. Digital 

printing technologies significantly reduce water 

and chemical use compared to traditional dyeing 

methods, while also minimizing waste through 

precision application. Additionally, data 

analytics, IoT, and blockchain are 

enhancing supply chain transparency, enabling 

real-time monitoring of environmental and labor 



 Hossain, 2025, Int. J. Appl. Res., 11: 63-73                                                                   70 
 

 

 

standards (Tseng et al., 2022). Blockchain, in 

particular, is being used to verify the origin of raw 

materials and ensure compliance with 

sustainability certifications, thereby increasing 

consumer trust and regulatory accountability. 

3.7.2. Advances in synthetic biology and 

materials innovation 

 

Breakthroughs in synthetic biology and materials 

science are enabling the development 

of bioengineered fibers that mimic the properties 

of natural materials while requiring fewer 

resources. Examples include lab-grown spider 

silk, mycelium-based leather, and algae-derived 

textiles, which offer biodegradable and low-impact 

alternatives to conventional fibers (Appolloni et 

al., 2023). These innovations not only reduce the 

environmental footprint of textile production but 

also enhance durability, recyclability, and 

performance, aligning with circular economy 

goals  

 
 

Figure 3: Role of stakeholder engagement and 

innovation in sustainable textile industry, source: 

author’s compilation from reviewed articles. 

 

3.7.3. The crucial role of stakeholder 

engagement 

 

Sustainability in the textile sector cannot be 

achieved without collaborative engagement across 

the value chain. Stakeholders 

including manufacturers, brands, policymakers, 

NGOs, and consumers must work together to co-

create solutions. Initiatives such as multi-

stakeholder platforms, industry coalitions, 

and academic-industry partnerships are proving 

effective in driving innovation and policy 

alignment (Hossain et al., 2025). These 

collaborations help bridge the gap between 

research and practice, ensuring that sustainability 

strategies are both scientifically sound and 

commercially viable. Table 5 details the role of 

digital transformation, materials innovation, and 

stakeholder engagement in advancing 

sustainability within the textile industry. 

 

3.7.4. Impact of the COVID-19 pandemic as a 

catalyst 

 

The COVID-19 pandemic exposed the 

vulnerabilities of global textile supply chains but 

also acted as a catalyst for transformation. 

Disruptions in logistics and labor availability 

accelerated the adoption of localized 

production, digital tools, and resilient sourcing 

strategies. Many companies began investing 

in automation, AI-driven forecasting, 

and sustainable inventory management, which not 

only improved efficiency but also reduced 

environmental impact (Ibn-Mohammed et al., 

2021). The post-pandemic recovery has been 

marked by a stronger commitment to circular 

economy models and climate-resilient practices. 
 

Table 5: Innovation, technology, and stakeholder 

engagement in textile sustainability  

 
Focus Area Key Practices Sources 

Digital 

Transformation 

Digital printing, 

blockchain for 

traceability, IoT 

for monitoring 

Tseng et al. 

(2022) 

Materials 

Innovation 

Bioengineered 

fibers (e.g., 

spider silk, 

mycelium), 

algae-based 

textiles 

Appolloni et 

al. (2023) 

Stakeholder 

Engagement 

Multi-

stakeholder 

platforms, 

academic-

industry 

partnerships 

Hossain et 

al. (2025) 

COVID-19 as 

Catalyst 

Accelerated 

digitalization, 

localized 

production, 

circular economy 

adoption 

Ibn-

Mohammed 

et al. (2021) 

Source: authors compilation from reviewed articles 

 

3.8. Policy directions and future research 

 

Sustainability in the textile industry is increasingly 

being shaped by robust international and local 

policy frameworks. At the global level, initiatives 

such as the United Nations Sustainable 

Development Goals (SDGs) particularly SDG 12 

(Responsible Consumption and Production) and 
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SDG 13 (Climate Action) serve as guiding 

principles for aligning environmental, social, and 

economic priorities. The EU Circular Textile 

Strategy, under the European Green Deal, sets a 

bold vision for 2030 by mandating eco-design, 

extended producer responsibility (EPR), and 

verified green claims. Similarly, the UNFCCC’s 

Fashion Industry Charter for Climate Action 

commits industry players to net-zero emissions by 

2050, with interim milestones for 2030. These 

frameworks not only establish clear targets but also 

foster innovation, accountability, and collaboration 

across the textile value chain. 

 

On the national and regional fronts, governments 

are enacting targeted interventions to mitigate the 

environmental and social impacts of textile 

production. These include enforcing stricter 

wastewater and air quality standards, offering 

financial incentives for cleaner technologies, and 

supporting SMEs through training and 

infrastructure upgrades. In countries like 

Bangladesh and India, partnerships with 

international donors are helping to modernize 

effluent treatment plants and implement zero-

liquid discharge systems ensuring that 

sustainability is inclusive and not limited to large 

corporations. 

 

Looking ahead, future research must address the 

complex, global nature of the textile industry 

through interdisciplinary approaches. Key areas 

include lifecycle assessments (LCAs) to evaluate 

environmental impacts across the product 

lifecycle, economic analyses to assess the viability 

of sustainable technologies, and studies on 

consumer behavior to understand the drivers of 

eco-conscious purchasing. Additionally, 

evaluating the effectiveness of current policies and 

exploring cutting-edge innovations such as AI, 

synthetic biology, and biodegradable materials will 

be vital for translating policy ambitions into 

practical, scalable solutions. These research efforts 

are essential to ensure that sustainability transitions 

are both scientifically credible and economically 

feasible. 

 

4. Conclusion 

 

The textile industry stands at a critical crossroads. 

As a cornerstone of global economic growth and an 

influential component of everyday life, its 

contributions to GDP and employment are 

undeniable. Yet, the environmental repercussions 

from water and air pollution to significant carbon 

emissions present an equally powerful mandate for 

change. 

 

This review has highlighted the multifaceted 

challenges facing the industry while also outlining 

the innovative and policy-driven strategies that are 

being deployed to mitigate environmental damage. 

Advances in technology, the rapid adoption of 

circular economy principles, and robust 

stakeholder engagement are not only helping to 

reduce the industry’s negative impacts but also 

setting new standards for environmental resilience 

and sustainability. 

 

The post-pandemic era, marked by renewed focus 

on localized production and digital transformation, 

offers a unique opportunity to redefine how the 

textile sector operates. By integrating sustainability 

into every facet of production—from raw material 

sourcing to end-of-life recycling—the industry can 

continue to drive economic growth while making 

significant strides in environmental conservation. 

As future research further unpacks the complex 

interplay between economic interests and 

environmental responsibilities, the collaborative 

efforts of policymakers, industry leaders, 

scientists, and civil society will be crucial to 

achieving a sustainable and resilient future. The 

journey ahead is challenging; however, the 

commitment to innovate and adapt is clear 

ensuring that the textile industry remains a vibrant 

force in the global economy while upholding the 

values of environmental stewardship and social 

equity. 
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