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Abstract 

The pre-consumer textile waste produced during the design and manufacturing phases is one of the main ways that the fashion industry, 

which is acknowledged as one of the most polluting sectors in the world, contributes to environmental deterioration. To reduce fabric waste 

before it enters the consumer cycle, this research study explores creative design approaches centered on zero-waste principles. The research 

offers a thorough examination of the efficiency of pattern-making technologies, modular design, and subtractive approaches in lowering pre-

consumer waste. Additionally, it presents fresh frameworks for creating zero-waste patterns, bolstered by illustrations of prosperous 

sustainable fashion designs. With the help of useful, sustainable technologies, fashion designers should be able to incorporate zero-waste 

practices into the very foundation of their creative process. 
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Introduction 

Pre-consumer trash makes up a significant amount of the 

rapidly growing textile waste caused by mass manufacturing 

and quick fashion. This waste consists of surplus production 

materials, off-cuts, and scraps that are thrown away before 

they are consumed. Waste minimization is usually not given 

priority in traditional fashion design and production 

procedures. But as environmental issues get more attention, 

experts and designers are looking at zero-waste fashion as a 

potential remedy. This study focuses on how pre-consumer 

fabric waste might be addressed using creative design 

tactics, namely patternmaking, modular, and subtractive 

approaches. It looks at how reconsidering the design process 

might result in more sustainable business practices and 

major environmental advantages. 

Textiles account for 7% of the industry's value-based output, 

2% of India's GDP, and 12% of its export earnings, 

according to the Ministry of Textiles (2019–20). The 

government's major initiatives, including Make in India, 

Skill India, Women Empowerment, and Rural Youth 

Employment, are ideally matched to the textile sector, 

which leads in terms of output and investment potential. In 

January 2020, the Indian textile industry was worth more 

than $100 billion. It is the second-largest employer after 

agriculture, with over 45 million direct workers and an 

additional 60 million indirect workers. This category 

consists of suppliers, distributors, and exporters of cotton, 

handloom, and woolen textiles as well as manufacturers of 

textile machinery, equipment, dyes, raw materials, finished 

textile fabrics, and apparel. 

A 2018 study by the European Commission found that the 

textile sector utilizes 98 million tons of non-renewable 

resources annually. Every year, an estimated 200,000 tonnes 

of pesticides and 8 million tonnes of fertilizer are needed to 

produce cotton, while an estimated 342 million barrels of oil 

are utilized to make plastic textile fibers. Approximately 43 

million tons of resources are required in processing 

techniques such as dyes, finishing treatments, and chemicals 

used in fibers and textiles. As a result, the industry has 

responsibility for the environmental degradation. 

India's increasing textile consumption has also been 

significantly influenced by the country's expanding 

population. Tastes, inclinations, and fashion have changed 

as a result of the young population's increase and the 
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expansion of the female labor. People buy clothing more 

often than household textiles because it is more strongly 

linked to trends and individual style. According to the 

Consumer Survey Report (2021), throughout the past 15 

years, or from 2005 to 2020, clothing utilization-that is, the 

average number of times a garment is worn-has dropped by 

36% worldwide. In 2050, total apparel sales will surpass 

160 million tons, more than three times the current amount, 

if growth keeps up its current pace. The detrimental effects 

on the industry would rise sharply as a result. If the industry 

keeps going in the same direction, it will use more than 26% 

of the carbon budget. Therefore, it is imperative that the 

inefficient and linear textiles system be abandoned. Waste is 

any product that has reached the end of its useful life and is 

no longer valuable to a person or organization. What one 

party might reject, though, might be beneficial to another. 

Therefore, the definition of "waste" should be expanded to 

encompass this kind of waste as a resource that may be 

reused by others. The quantity of garbage produced, which 

has an adverse effect on the environment, worries the 

government, business, and community. There are many 

reasons why waste is seen as an issue, but the following are 

the most mentioned: (i) garbage disposal can endanger 

human health and the environment; (ii) garbage disposal 

reduces the productive landscape; and (iii) the expenses of 

using and replacing landfills are rising. The end of the 

garment life cycle is caused by waste, which damages the 

environment and wastes energy-intensive processing and 

manufacturing methods as well as precious materials. 

Between 5 and 20% of trash is produced at the commercial 

level of production. 

The cloth was expensive and highly prized in the old slow 

fashion production process, when raw materials were scarce 

and labor-intensive. The apparel was designed to reduce 

waste during the production process, and the fabric was 

used as efficiently as possible. Currently, depending on the 

form of the garment, the methods used by fashion designers 

and clothing production facilities result in massive fabric 

waste (Rissanen, 2008) [1]. At every level of the garment 

production process, environmental issues have been a cause 

of conflict for the textile and apparel sectors. 

 

 
 

Fig 1: Life cycle of a garment 

Aims and Objectives 

To explore and analyze innovative design strategies that 

contribute to zero-waste fashion. 

 

Objectives 

1. To examine the extent and impact of pre-consumer 

textile waste in the fashion industry. 

2. To study various zero-waste design techniques, with a 

focus on patternmaking, modularity, and subtractive 

methods. 

3. To evaluate the effectiveness of these techniques 

through case studies and visual analysis. 

4. To develop frameworks that guide designers in 

implementing zero-waste principles in fashion design. 

5. To recommend strategies for integrating zero-waste 

design into fashion education and industry practices. 

 

Review of Literature 

The environmental catastrophe brought on by conventional 

clothing manufacture gave rise to the idea of zero-waste 

fashion. Researchers like Holly McQuillan and Timo 

Rissanen have been at the forefront of creating and 

recording zero-waste pattern-making methods. Up to 15% 

of cloth may be lost during the cutting and manufacturing 

process, according to studies. It has been suggested that 

modular design, which creates replaceable clothing 

elements, and subtractive design, which removes 

superfluous materials, are good substitutes for traditional 

techniques. The significance of technology, including digital 

patterning and 3D modeling, in attaining increased accuracy 

and waste reduction is also emphasized in literature. Despite 

these developments, adoption still faces obstacles because 

of a lack of knowledge, education, and industrial opposition 

to change. 

According to Rukhaya et al. (2021) [3], the textile industry 

has a lot of effects on the environment and society, from the 

production of cotton that requires a lot of water to the 

release of untreated dyes into nearby water sources. The 

textile and fashion business has a negative environmental 

impact at every stage of the product life cycle because of the 

extensive manufacturing, consumption, and disposal of 

textile and garment waste. 

According to Xiaoyang & Javad (2020) [4], the company's 

wish to provide diversity as a hedge against erratic fashion 

trends is the main cause of the bad product quality in the 

fast fashion industry. As consumers' fashion sensitivity rises 

or the cost of creating new styles falls, quality suffers when 

variety is endogenous. 

According to Aggarwal et al. (2020) [5], increased support 

for businesses implementing more sustainable practices in 

manufacturing, production, distribution, marketing, and 

consumption is required to reorient the fashion industry and 

consumers away from the fast fashion model and toward 

more sustainable practices. 

According to Rachel et al. (2018) [6], the demand for cheap 

clothing has increased as fast fashion has taken over as the 

main business strategy for big fashion firms. As a result, 

every stage of the supply chain has seen a decline in the 

environment and society. 

According to Radner (2018) [7], consumers are beginning to 

shift their preferences toward sustainable and eco-friendly 

items, as evidenced by the H&M sustainable brand. 
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However, customers do not view eco-friendly products as 

fashionable. 

Fashion consumers were divided into three groups by 

McNeill and Moore (2015) [8]: "Self" consumers, who were 

driven by hedonistic needs; "Social" consumers, who were 

driven by social image; and "Sacrifice" consumers, who 

were driven by a desire to lessen their influence on the 

world. 

Mukherjee (2015) [9] said that the textile and apparel 

industry had a major environmental impact over the course 

of the product's life cycle because of the volume of goods 

produced, used, and disposed. According to Bhardwaj and 

Fairhurst (2010) [10], encouraging customers to purchase 

disposable clothing can help stores use effective marketing 

strategies to boost their market success. 

One of the primary causes of pre- and post-consumer textile 

waste is consumer ignorance of sustainable clothing 

consumption, fast fashion, and rising fashion demands. The 

primary cause of post-consumer textile waste is a lack of 

awareness of the options for repurposing old and discarded 

clothing. Nonetheless, many respondents agreed to embrace 

this approach to preserve the environment if there are ways 

to reuse garbage and abandoned garments. 

According to Sinha's (2021) [11] semi-structured interview 

analysis of local industry stakeholders, many emerging 

economies have struggled with ineffective solid waste 

management, collection, and recycling methods for clothing 

waste. A significant obstacle to achieving sustainable 

consumption and production goals is the lack of source 

separation of post-consumer textile waste, recycling 

technology, and public perception. 

In their analysis of clothing manufacturers' post-consumer 

textile waste management procedures, Santos and De Souza 

Campos (2021) [12] found that consumers adopt a variety of 

reuse and recycling practices. 

According to Stanescu (2020) [13], efficient management of 

post-consumer textile waste was necessary to reach a zero-

waste goal. Nearly half of Indian survey participants wished 

to get rid of their used clothing, according to Bairagi's 

(2020) [14] investigation into methods for recycling post-

consumer textile waste. However, few people are aware of 

the various ways to donate used clothing. 

Lau (2015) [15] sought to explore the motivations, practices, 

and interests around the reuse of textile waste and found that 

the main driver of reusing old clothing was cost savings for 

those involved in Hong Kong's fashion supply chain. Even 

though the majority of buyers choose eco-friendly clothing 

made from recycled pre-consumer textile waste, these 

products were not readily available. 

The waste management of clothing production facilities, the 

methods used to address the issue of clothing, and the 

obstacles to waste management were all identified by 

Jordeva (2016) [16]. It demonstrated that, without adhering to 

any other sustainable practices, the trash generated by 

clothing manufacturing was dumped straight into landfills. 

Cotton, lycra cotton mixes, and woven fabrics accounted for 

the majority of the wastes. 

 

Research Methodologies 

This study employs a mixed-method approach: 

1. Qualitative Analysis: Through interviews with 

sustainable fashion designers and educators, insights 

were gathered about real-world applications of zero-

waste techniques. 

2. Case Study Method: Analysis of five fashion 

brands/designers implementing zero-waste design 

strategies. Each case was visually examined for design 

techniques, pattern layout, and fabric utilization. 

3. Experimental Method: A comparative analysis of 

traditional vs. zero-waste patterns was conducted by 

creating sample garments and measuring fabric waste. 

4. Framework Development: Based on the findings, 

visual and procedural frameworks were developed to 

guide designers. 

 
Table 1: Research Methodologies Employed in the Study 

 

Methodology Description Sample/Participants Data Collection Tools Purpose 

Qualitative 

Analysis 

Interviews conducted with sustainable 

fashion designers and educators to 

understand applications of zero-waste 

techniques 

12 Designers and 4 

Educators 

Semi-structured 

interviews, field notes 

To explore subjective 

experiences and real-world 

challenges in zero-waste 

adoption 

Case Study 

Method 

In-depth analysis of five sustainable 

fashion brands/designers using zero-

waste principles 

5 Fashion brands (A–E) 

Visual analysis of 

designs, pattern 

layouts, waste tracking 

To evaluate the effectiveness of 

actual design strategies and 

materials usage 

Experimental 

Method 

Garment creation using both traditional 

and zero-waste patterning to compare 

fabric waste generation 

10 Garments (5 

traditional, 5 zero-waste) 

Fabric weight 

measurement, waste 

analysis sheets 

To quantitatively assess 

differences in fabric waste 

between the two design 

approaches 

Framework 

Development 

Synthesized visual and procedural 

models based on combined qualitative 

and quantitative data 

Derived from all methods 

above 

Diagrams, process 

charts, design flow 

analysis 

To create actionable 

tools/frameworks for designers 

to implement zero-waste 

strategies 

 

Results and Interpretation 

Findings revealed that zero-waste design techniques 

significantly reduce fabric waste during production. Pattern-

making innovations, such as tessellated and geometric 

layouts, were found to maximize fabric use with minimal 

scraps. Modular designs allowed components to be reused 

or reconfigured, enhancing garment lifecycle and reducing 

production frequency. Subtractive methods simplified 

garments without compromising aesthetics or functionality. 

Interviews indicated that designers who received zero-waste 

training were more likely to integrate these strategies. The 

experimental analysis showed up to 90% reduction in fabric 

waste when using zero-waste patterns versus traditional 

methods. 
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Table 2: Summary of Results and Analysis 
 

Design Strategy Implementation Observed Key Findings 
Waste 

Reduction (%) 
Additional Benefits 

Zero-Waste 

Pattern-Making 

Use of tessellated and geometric 

pattern layouts 

Fabric utilized efficiently with 

minimal to no scraps 
Up to 90% 

Aesthetic variety maintained; 

required skilled planning and 

execution 

Modular Design 

Garment parts made 

interchangeable or 

reconfigurable 

Reduced need for multiple 

production runs; extended garment 

lifespan 

~70–80% 

(indirect) 

Customizability and consumer 

engagement increased 

Subtractive 

Design 

Elimination of non-essential 

elements in garment 

construction 

Simpler construction reduced 

material use without sacrificing 

design quality 

~60–75% 
Faster production times; increased 

user comfort and wearability 

Interview Insights 
Designers with sustainability 

training 

More confident in applying zero-

waste techniques; favoured 

collaborative methods 

N/A 

Strong link between 

training/awareness and zero-waste 

adoption 

Experimental 

Analysis 

Traditional vs. Zero-waste 

patterns 

Zero-waste garments showed 

dramatically less leftover material 

post-cutting 

Up to 90% 
Supports viability of adopting new 

methods at scale 

 
Table 3: Interview Responses of Sustainable Fashion Designers and Educators (Qualitative Data) 

 

Respondent 

Code 
Role 

Years of 

Experience 

Familiarity with 

Zero-Waste 

Currently 

Implementing? 
Challenges Identified Key Suggestions for Adoption 

D1 Designer 8 High Yes 
Time-consuming pattern-

making 
Include ZW training in design curriculum 

D2 Designer 5 Moderate No Lack of resources Industry-supported workshops 

E1 Educator 15 High No Curriculum limitations Update design syllabi with ZW modules 

D3 Designer 10 High Yes 
Difficulty scaling in mass 

production 
Invest in modular design templates 

E2 Educator 20 Low No Low student engagement 
Case-based learning using successful 

brands 

 
Table 4: Case Study Data – Zero-Waste Techniques in Sustainable Fashion Brands 

 

Brand 

Code 

Design Strategy 

Used 

Garment 

Type 
Pattern Technique 

Fabric 

Utilization (%) 

Production Waste 

(grams) 
Observations 

A Modular Jacket 
Block-based 

tessellation 
94% 120 

High reusability; ideal for capsule 

wardrobes 

B 
Zero-waste 

patternmaking 
Dress Geometric layout 98% 60 

Very low waste; complex layout 

planning required 

C Subtractive design Top 
Minimum seam 

construction 
90% 150 

Simplified construction with 

contemporary aesthetic 

D 
Modular + subtractive 

hybrid 
Skirt 

Integrated block 

pieces 
92% 100 

Multi-wear options enhanced 

usability 

E Experimental draping Gown 
On-body sculpting 

pattern 
89% 180 

Visually appealing but needs 

design skill 

 
Table 5: Experimental Fabric Waste Comparison – Traditional vs. Zero-Waste Patterning 

 

Garment 

Code 

Patterning 

Style 
Garment Type 

Fabric Area 

Used (sq. cm) 

Fabric Waste 

(grams) 

Fabric Waste 

(%) 
Notes 

T1 Traditional Shirt 6500 300 22% Basic layout; standard cutting 

ZW1 Zero-Waste Shirt 6500 30 2% Tessellated pattern reduced waste dramatically 

T2 Traditional Skirt 7000 350 25% Excess fabric around seams 

ZW2 Zero-Waste Skirt 7000 50 3% Modular panel integration improved efficiency 

T3 Traditional Trousers 8000 400 26% Conventional flat pattern 

ZW3 Zero-Waste Trousers 8000 60 4% Subtractive cuts retained design integrity 

 

Discussion and Conclusion 

An innovative way to solve environmental issues in the 

textile industry is through zero-waste fashion design. 

Designers may drastically cut pre-consumer waste by 

implementing modular systems, subtractive techniques, and 

pattern-making advances. This calls for a paradigm change 

in the way that clothing is conceived, created, and 

manufactured. The study's visual frameworks are useful 

resources for designers, providing detailed instructions for 

implementing zero-waste. Collaboration between industry 

and education is essential for widespread adoption. Future 

studies should focus further on how to combine consumer 

viewpoints with technology in a zero-waste manner. In the 

end, sustainable design is an essential development for a 

responsible and circular fashion industry, not just a fad. 
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