International Journal on Science and Technology (IJSAT)

— E-ISSN: 2229-7677 e Website: www.ijsat.org e Email: editor@ijsat.org

Transforming the Textile Industry: A Study
on Sustainable Manufacturing and
Innovation

Gaurish Jariwala', Hari Krishna?, Disha Biswas®, Dr. S.K. Manju
Bargavi'

L234MCA, Dept. of Computer Science & IT, Jain Deemed to-be University
MCA, Dept. of Computer Science & IT
Jain Deemed to-be University

lgaurishjariwalal 6@gmail.com, *harikrishnakrish61@gmail.com, >dishabiswas260@gmail.com,
“*b.manju@jainuniversity.ac.in

Abstract

The textile and apparel sector is India’s second-largest employer and contributes the most to the nation’s
GDP. Despite this importance, the industry struggles with technological innovation and implementation
when facing challenges. The core problem is finding ways to bring diverse ideas to market quickly,
efficiently, and cost-effectively in textile manufacturing, while optimizing supply chains and improving
customer satisfaction. Advanced technologies can reduce product lead times, support sustainability goals,
and help producers and distributors respond more nimbly to market demands. Unfortunately, there’s been
minimal comprehensive research examining how these technologies are being applied in textile
manufacturing. Studies have shown that when the industry does adopt new technologies, it experiences
improved manufacturing efficiency through automation of repetitive design tasks, increased worker
productivity, and shorter product development cycles.

Keywords: Barriers, Circular Economy, Enablers, Sustainable Manufacturing, Sustainability Innovation,
Textile Industry, Textile Manufacturing Sector.
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1. INTRODUCTION
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Figure 1. Textile Value Chain and Industry 4.0 Evolution

The figure depicts the textile industry supply chain from fiber to end-of-life, alongside the transition from
Industry 1.0 to 4.0. It highlights the impact of advanced technologies like 10T, Al, and robotics in enabling
smart, efficient, and sustainable manufacturing.

Technological competence is characterized as the perpetual attainment of technical knowledge or a
continual process of learning within an organization [12]. In the manufacturing industry, particularly in
textile production, technological skills are vital for achieving a competitive edge. It emphasizes the
significance of innovation and technology in maintaining companies’ market standings. Rather than
depending exclusively on total factor productivity, the sector is progressively emphasizing technological
capability as a vital factor for efficiency and expansion [10]. Therefore, producers of textiles need to
embrace creative strategies to tackle contemporary issues.

To stay competitive internationally, manufacturers must invest in technological advancements, design
innovations, and production methodologies. The clothing sector is labor-dependent, leaning significantly
on manual tasks, and emphasizing efficiency [4]. Nonetheless, due to increasing labor expenses and the
demand for greater efficiency, adopting advanced technologies is turning into a necessity.

Reducing expenses, improving efficiency, and guaranteeing high product quality are essential elements
in textile manufacturing. The increasing use of advanced manufacturing technologies enhances
productivity, enables large-scale production of quality textiles, shortens production times, and leads to cost
reductions
[5].

To maintain their growth and global presence, Indian textile manufacturers need to adopt emerging
technologies and adjust to swiftly changing market trends fueled by fierce global competition. A
company’s capacity to compete on an international level relies on how well it incorporates new
manufacturing technologies into its everyday activities [7]. In the rapidly evolving industry of today,
ongoing innovation and technological adjustment are crucial for sustaining market dominance.
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Emerging countries frequently face challenges in embracing modern technologies because of significant
upfront investment expenses. Nevertheless, the adoption of advanced technologies can greatly improve
operational efficiency and overall productivity within the textile sector. Utilizing advancements in
hardware and software—Ilike automation, artificial intelligence, and intelligent manufacturing—
organizations can enhance processes, minimize waste, and bolster their competitive edge in the
international market [8][9]. ”

2. LITERATURE REVIEW
A. Industry 4.0 in the Textile Sector
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Figure 2. Textile and Clothing Industry Lifecycle

This figure outlines the key stages in the textile and clothing industry—from raw fiber production to
product use and end-of-life—highlighting critical manufacturing and distribution phases across the value
chain.

Industry 4.0 represents the incorporation of cutting-edge digital technologies—Ilike the Internet of
Things (IoT) [1], Artificial Intelligence (Al), robotics, blockchain, Computer-Aided Design (CAD), and
big data analytics—into manufacturing operations, resulting in the creation of intelligent factories. In the
textile sector, this change enables real-time tracking, anticipatory maintenance, and automated
manufacturing processes, thus improving operational effectiveness and product standards. For example,
devices equipped with IoT can gather and send data during the manufacturing process, enhancing supply
chain awareness and streamlining production cycles. Al adds value by improving quality control systems
and facilitating accurate defect identification, minimizing waste and boosting overall efficiency.
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B. Function of Artificial Intelligence
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Figure 3. Schematic of an Automated Fabric Inspection System

This diagram illustrates a system integrating sensors, emitters, detectors, controllers, and network
interfaces to automate fabric quality inspection and processing in textile manufacturing.

Al has emerged as a crucial technology in the textile sector, with uses that include pattern recognition,
fabric flaw identification, inventory oversight, and predictive upkeep. Al-powered quality control systems
employ machine learning algorithms to detect variances in fabric texture and dyeing methods, thus
reducing waste and improving efficiency. Moreover, analytics driven by Al aid in predicting consumer
demand, enhancing production planning, and minimizing surplus inventory. Al-enabled robotic systems
can automate processes like sewing, cutting, and embroidery, minimizing human mistakes and boosting
production levels. For instance, Al can identify tiny flaws in fabric designs through computer vision
techniques, guaranteeing that only high quality items are delivered to customers and thus improving brand
image.

C. Blockchain Technology in Textile Supply Chains”

Blockchain technology delivers transparency, security, and traceability in textile supply chains by
creating an unchangeable record of transactions. This technology aids in thwarting counterfeits, guarantees
ethical sourcing, and enhances adherence to regulations. Fashion companies are progressively using
blockchain to monitor the source of materials, verify sustainability assertions, and ensure fair trade
certifications. Through the use of smart contracts, fabric producers can automate supplier contracts and
enhance payment systems, minimizing fraud and boosting operational efficiency. For example, blockchain
can improve transparency and traceability in the supply chain, which are critical for maintaining brand
integrity and consumer trust.
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D. CAD Technology
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Figure 4. Pre-CAD vs. CAD Weave Design Workflow

The figure contrasts manual and CAD-based textile design processes, showing how CAD significantly
reduces design time and streamlines production.

”The implementation of CAD technology, as stated in [6], has greatly helped Indian clothing
manufacturers. It allows for rapid and efficient changes to garments designs, such as tasks like altering the
hues of textiles designs and adjusting apparel. CAD systems allow designers to create more precise
designs, reducing the chance of errors and conserving time and funds. Several benefits of CAD and CAM
Incorporating into the manufacturing process leads to faster production of garments and reliably accurate
outcomes. Moreover, the conservation of design and creating data in file formats simplifies the process to
reproduce previous designs by eliminating the necessity to perform previous tasks again.

As highlighted earlier by explored the importance of integrating advanced methods, state-of-the-art
materials, advanced technologies, creative business frameworks, along with innovative sales and
promotion ideas as progressively vital elements in enhancing efficiency and production in the textile and
clothing sector.

Temporary exchange, a part of cooperative fashion exchanging garments as part of consumption between
two individuals without requiring any currency transactions or the shift in product ownership, was
examined by [12]. In this ethnographic research, we analyzed the advantages, possible drawbacks, and
importance that eight women designated for this practice as they swapped outfits with their exchange
partners prior to, throughout, and following the transaction. [11] investigated ethnographic studies and
thoroughly analyzed the method of temporary exchanging, a type of collaborative fashion consumption
where two individuals exchange clothing without changing ownership or participating in monetary
transactions. We examined the advantages, possible dangers, and interpretations that emerged as eight
women exchanged outfits with each other prior to, throughout, and following the exchange. We utilized
Maslow’s order of desires to structure our understanding of diaries from participants, featuring pictures of
the items exchanged apparel and ensembles created over a span of six months period. ”
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E. Advanced Machinery

1) Nanotechnology: It boosts the likelihood of demand. of product by creating a precise and systematic
features including: water-resistant, self-cleaning, flame retardant repellent and generate products
while consuming less energy and it’s rendering them sustainable.

2) Laser printing: Utilizing laser printing technology printed swiftly and accurately on fiber.

3) Pleating: Utilizing advancements in technology. Now pleating is achievable with different machines.

4) Knitting Machines: Knitted textiles are produced utilizing equipment that generates broad bands,
which are afterward connected and sewn together.

5) 3D printers: This technique is utilized solely with slender and durable fiber for the aim of 3D
producing and creating advanced items.

F. Digital Twin Technology”

A Digital Twin is a virtual model of a textile production system that enables real-time monitoring and
simulation of operations. This technology allows manufacturers to identify inefficiencies, predict
equipment failures, and optimize production processes before implementation. By integrating digital twins
with IoT and Al textile firms can reduce material waste, enhance product customization, and improve
supply chain coordination. The use of digital twins in textile production has been shown to increase
efficiency and reduce costs by up to 30.

3. RESEARCH METHODOLOGY

This study’s data was gathered using a qualitative technique that emphasized “open-ended and
conversational dialogue”. Purposive sampling was utilized to identify textile and clothing producers in
Ludhiana. A “semi-structured in-depth interview” was undertaken to address difficulties about technology
adoption by Ludhiana garment makers. The respondents were middlemanagement workers from the four
garment manufacturing companies. Purposive sampling was utilized because there was a need to choose
unique instances that would be especially instructive and specialized since there was a need to identify
certain sorts of cases for in-depth examination for a better understanding. In terms of ethics, the study was
founded on the premise of

participant protection. ”

4.RESULTS AND DISCUSSION

The recognized themes are organized based on the TOE (Technological, Organizational, and
Environmental) framework. In the realm of technology, the choice to embrace new innovations mainly
depends on factors such as efficiency, quality, technical compatibility, and the provision of training and
sustainability initiatives. All executives collectively view efficiency, quality, and sustainability as the most
critical elements when considering technology adoption. For example, an executive director conveyed this
idea by stating, “Technology, in many ways, boosts different elements, but I would highlight its
contribution to enhancing efficiency and quality, ultimately maximizing productivity” (Suresh).

Smaller factories, in comparison, generally fall behind in adopting technology and tend to take a wait-
and-see stance. They watch how other plants in their network perform with a specific technology before
deciding to adopt it. As expressed by a managing director of a smaller factory, ”We consistently take time
to evaluate how other businesses are adopting these technologies, and only afterward do we choose to
invest in such technology” (Mahesh).
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In terms of the environmental context, the process of making decisions about technology adoption is
shaped by elements like buyer expectations, competition both locally and globally, government
regulations, and sustainability demands. Every participant agrees that purchasers have a considerable
impact on the acceptance of new technologies, and factories usually react favorably to these effects. A
frequently mentioned example by all participants is the implementation of 3D modeling technology, which
is typically recommended by buyers and aids in streamlining communication for sample approval.

4.1 Technology adoption in the textiles industry

A. Impact of Technology on Textile Production Efficiency, Quality, and Output

Technology has significantly influenced the textile manufacturing sector, improving efficiency, quality,
and overall production output. By streamlining various processes, technology has enhanced productivity
and reduced errors [2]. Artificial intelligence (Al) has played a crucial role in automating repetitive tasks
such as material handling and cutting, improving precision and accuracy[9]. Additionally, Al-driven data
analysis has optimized production schedules, leading to better resource utilization (Igbal and Su, 2022)
[10].

The adoption of Industry 4.0 principles has introduced automation, data exchange, and Al integration
into textile production [1]. IoT sensors in smart factories allow real-time monitoring of production
processes and equipment, minimizing downtime and improving productivity[13]. Advanced robotics has
transformed operations such as sewing and fabric cutting, enhancing efficiency and precision[5].
Furthermore, 3D printing has gained traction in the textile industry, allowing for the creation of complex
prototypes and unique designs (O"zlem, 2021) [12].

Quality control processes have also benefited from Al-powered sensors, cameras, and machine learning
algorithms. These technologies can detect defects, such as stains, holes, and inconsistencies, more
accurately than traditional human inspections[3]. Al can also generate new textile designs, either by
modifying existing patterns or creating new ones [6]. Automation has further contributed to productivity
by reducing manufacturing times and ensuring consistency in production [8].

With AD’s growing influence, textile manufacturers are increasingly utilizing data collected from their
equipment sensors to make informed decisions [15]. The ability to make real-time adjustments without
human intervention is becoming more feasible due to the speed of Al-driven algorithms (Tait, 2001) [14].
The creation of “digital twins” for supply chain management is also emerging, enabling manufacturers to
predict and resolve disruptions more efficiently[4].

Quality control remains one of the key areas where Al is making a significant impact. Modern textile
machinery, such as knitting and weaving devices, now incorporates sensors to monitor production and
prevent defects [11]. Al-powered systems can adjust machine settings in real time, ensuring continuous
and flawless production[7]. Additionally, Al is improving color matching processes by analyzing
manufacturing samples and ensuring color consistency across different production batches[9].

As technology continues to evolve, the textile industry is expected to see even greater advancements in
automation, quality control, and supply chain optimization. Al-driven innovations are likely to play a
central role in making textile production more efficient, sustainable, and adaptable to changing market
demands (Igbal and Su, 2022) [10].
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B. Challenges in Implementing and Utilizing New Technologies in Textile Manufacturing

The respondents were asked about the challenges faced in implementing and utilizing new technologies
in the industry. The responses suggest that majority of the employees were resistant in employing new
technologies.

Several respondents commented: “We are very much comfortable working through traditional methods;
we don’t want to work on new technology. Further, he added new technology will left us jobless”

Another respondent pointed out that there is a need for continuous training and updates to keep up with
rapidly evolving technology which also is good for our own benefits. Employee training is one of the
major obstacles to automation in this sector’s developments brought on by digital manufacturing.

1) Large bandwidth is needed to link numerous machines.
2) Management and administration of massive amounts of organized and unstructured data.
3) Compatibility of the IoT Service Management Platform with the ERP and Operations Administration
and Management System.
4) With massive volumes of data being exchanged online every second, security and data protection are
the major obstacles for IoT platforms.
The only textile manufacturers that will survive are those that are efficient and quick to respond to rapidly
changing consumer demand. There are Kodak Nokia examples available for everyone. They lost ground
because they were unable to see the need for change. ”

C. Training and Development Programs for Upskilling Employees in Technology-Driven Textile
Manufacturing

To enable better task management, increased efficiency, and the creation of advanced workflows for
industrial activities, contemporary jobs require a fundamental understanding of digital or technological
literacy [6]. The quality of employment, establishing advanced factories for the future, transitioning from
lower-level roles to higher-level positions, enhancing skills, and promoting multi-skilling are among the
methods used to tackle training challenges for blue-collar workers [3]. Our goal is to equip them with a
range of skills to make them more adaptable and versatile in their jobs [9]. It will boost morale, reduce
delays, and enhance productivity [12].

In an interview, the respondent stated, “The employer is giving us training to learn new methods of
working and assured us that if we master this new technology, we will receive good compensation” [2].

“They have additionally set up a development program to improve our abilities.” We aim to gain
knowledge so that we can labor more and make more money [8]. It is determined that most employees
show an interest in acquiring new technologies and are willing to assume technology-related roles and
responsibilities with the expectation of earning a good salary [10].

D. Fostering a Culture of Innovation and Continuous Improvement in Technology Integration

Organizations frequently implement initiatives to foster innovation and continuous improvement in the
context of technology integration [6]. One common approach is the establishment of suggestion programs
that encourage employees to contribute innovative ideas for process enhancements and efficiency
improvements [3]. These initiatives not only drive technological advancements but also promote a culture
of engagement and proactive problem-solving among the workforce [9].

To ensure employees remain up to date with technological advancements, organizations invest in skill
development programs and provide access to relevant resources [12]. Training programs are designed to
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support employees in adapting to organizational restructuring and new technological implementations,
thereby enhancing overall productivity and operational efficiency [8]. Additionally, incentive programs
are often introduced to reward employees for their contributions to technology-driven process
improvements, further motivating them to actively participate in innovation efforts [10].

E. Sustainability Initiatives and Environmental Impact Reduction in Textile Manufacturing

The textile industry has increasingly focused on adopting sustainable practices to minimize its
environmental impact [9]. One of the key approaches includes the implementation of ecofriendly dyeing
methods and the use of recyclable materials, reducing waste and chemical pollution [6]. Despite growing
awareness of carbon footprint reduction, many organizations still lack effective methods to assess their
environmental performance in terms of sustainability [3]. However, efforts are being made to implement
measures that mitigate pollution and promote responsible manufacturing practices [12].

To further reduce environmental impact, textile manufacturers are adopting strategies aimed at
minimizing waste generation [ 10]. Scientific assessments play a crucial role in evaluating the effectiveness
of these sustainability initiatives and guiding further improvements [8]. Additionally, individual actions,
such as tree planting near industrial sites and reducing waste through responsible resource management,
contribute to broader sustainability efforts [5]. Energy conservation measures, such as turning off unused
electronic devices and limiting excessive heat usage, also play a role in promoting environmental
responsibility within the industry [7].

F. Challenges in Balancing Technological Adoption with Sustainable and Eco-Friendly Practices

Balancing technological advancements with sustainable and eco-friendly practices presents several
challenges for the textile industry [9]. While technology enhances efficiency and productivity, it can also
lead to increased energy consumption and reliance on nonrenewable resources, complicating sustainability
efforts [4]. The high cost of sustainable raw materials often discourages manufacturers from integrating
environmentally friendly practices into their production processes [3]. Additionally, the absence of
government grants for the garment industry makes securing financial support difficult, further hindering
the transition to sustainable methods [2].

Consumer perception also plays a crucial role in the adoption of sustainable fashion. Many customers
view eco-friendly clothing as overly expensive and may not recognize its longterm benefits, leading to
challenges in customer retention for sustainable brands [7]. Moreover, sourcing sustainable materials such
as organic cotton and recycled polyester fibers remains a challenge due to their higher costs and limited
availability [6]. Traditional materials like cotton and polyester have a high environmental impact,
particularly in terms of water usage and pollution, making it imperative to explore more sustainable
alternatives [5].

The dominance of the fast fashion model further exacerbates sustainability challenges, as many
companies prioritize speed and cost efficiency over eco-friendly practices [11]. This model often results
in overproduction, increased waste generation, and poor labor conditions, highlighting the need for a shift
towards sustainable fashion [8]. Additionally, the disposal of textiles and garments remains a significant
issue, with large amounts of waste being generated by the industry. Encouraging recycling and reuse
initiatives is essential to mitigating environmental harm and promoting sustainability in the textile sector
[10].
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G. Collaborations and Partnerships with External Organizations to Address Environmental Challenges in
the Textile Industry

Here’s the revised version with citations:

The textile industry is a significant contributor to environmental contamination and waste generation
[9]. As consumers become more aware of the harmful impacts of fast fashion, there is a growing demand
for sustainable and eco-friendly alternatives [11]. To tackle the environmental challenges facing the textile
industry, the significance of building partnerships and collaborating with external organizations and
stakeholders is crucial [12]. Various collaborative initiatives have been established to address issues such
as water pollution, excessive energy consumption, and waste management in textile production [13].

Organizations are increasingly forming alliances with environmental agencies, non-governmental
organizations (NGOs), and research institutions to develop innovative solutions for sustainability in textile
manufacturing [10]. These collaborations focus on adopting cleaner production methods, promoting
circular economy principles, and reducing the carbon footprint of textile production [14]. Furthermore,
partnerships with certification bodies ensure that manufacturers comply with global sustainability
standards, enhancing transparency and accountability in the industry [9].

By engaging in multi-stakeholder collaborations, textile companies can leverage technological
advancements and best practices to mitigate environmental damage [13]. For instance, research-driven
partnerships help integrate sustainable fibers, ecofriendly dyes, and energy-efficient manufacturing
processes into large-scale production [11]. The collective efforts of various industry players, regulators,
and advocacy groups contribute to shaping policies that drive long-term environmental sustainability in
the textile sector [12].

5. THE ROLE OF GOVERNMENT POLICIES IN PROMOTING

SUSTAINABLE PRACTICES AND TECHNOLOGICAL
ADVANCEMENT IN THE TEXTILE MANUFACTURING SECTOR

The textile manufacturing industry occupies a notorious role as a key contributor to global pollution and
waste. Amidst the increasing worries about climate change and environmental degradation, there is an
urgent need for sustainable practices and technological advancements in this sector. Government strategies
are set to play a crucial role in leading and encouraging these transformative changes. The crucial role that
government policies need to take on to promote sustainable practices and technological innovations in the
textile manufacturing industry. The Importance of Government Regulations:

A. Establishing Regulatory Guidelines

1) Government regulations have the capacity to establish guidelines within the textile manufacturing
industry, promoting the adoption of sustainable approaches and the mitigation of environmental
consequences by companies.

2) Such guidelines may encompass restrictions on emissions, waste management, and water
consumption, among various other aspects.

3) Through the implementation of precise directives, governments can foster fair competition among
companies while stimulating the embrace of sustainable methodologies
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B. Offering Encouragement

1) Governments can choose to provide financial incentives to textile producers that adopt sustainable
practices and invest in technological advancements.

2) These incentives include possible advantages like tax cuts, monetary grants, and subsidies, which
help lessen the financial strain related to implementing sustainable methods and embracing
innovative technologies.

C. Financial Support for Research

1) Government policies have the ability to guide financial resources into supporting sustainable textile
manufacturing techniques and technologies.

2) These financial resources can be allocated to support academic institutions, research entities, and
industry partnerships focused on discovering innovative solutions.

3) Through investment in research, governments can promote technological progress and improve the
growth of sustainability efforts in the textile manufacturing industry.

D. Encouraging Collaboration and Knowledge Exchange

1) Governments can serve as a vital force in promoting cooperation and knowledge sharing between
textile manufacturers, scholars, and diverse parties involved.

2) Creating industry networks, organizing conferences, and conducting seminars are methods to reach
this objective.

3) Governments can encourage collaboration by fostering an environment conducive to idea sharing
and best practice adoption, accelerating the advancement of sustainable practices and technologies.
By offering these incentives, governments can motivate businesses to implement essential changes,
speeding up the transition to a more sustainable textile manufacturing sector.

E. Monitoring and Reporting

1) Regulations from the government might mandate that textile manufacturers regularly evaluate and
report their environmental impact, potentially encompassing the tracking of emissions, waste
generation, water consumption, and additional relevant indicators.

2) By implementing transparency regulations, governments can hold businesses accountable for their
actions and encourage them to enhance their sustainability practices

F. Enforcing Adherence

1) Officials can guarantee compliance with eco-friendly policies through regular inspections, audits,
and penalties for infractions.
2) By ensuring that companies adhere to regulatory standards, governments can create an environment
of accountability and encourage a continual dedication to sustainable practices.
In summary, government policies play a crucial role in promoting sustainability and technological
advancement in the textile manufacturing industry. By creating regulatory standards, providing incentives,
encouraging research and innovation, and maintaining transparency and accountability, governments can
effectively stimulate the changes necessary to develop a textile industry that is environmentally friendly
and sustainable. It is essential for governments to collaborate with industry stakeholders, ensuring that the
safeguarding of our planet’s long-term health is a top priority in their policy-making efforts.
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6. CONCLUSION

Textile manufacturing, one of the oldest and most vital industries globally, plays a key role in producing
clothing, furnishings, and other textile goods. Traditionally labor-intensive, much of its production and
quality assurance has relied on manual work. However, with the adoption of advanced technologies, the
industry is undergoing a major transformation. Innovations like Al, computer vision, digital and 3D
printing, and RFID are not only streamlining production and quality control but also opening doors for
creative design, faster manufacturing, and smarter marketing strategies. By leveraging data on consumer
preferences and market trends, companies can develop products that are more likely to succeed while also
identifying production bottlenecks and optimizing operations. These technologies help businesses stay
ahead in a fast-evolving market, improving efficiency, reducing costs, boosting profits, and importantly,
paving the way for more sustainable practices in textile production.
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