
Volume – 14, Issue – 4, October – 2023 

 

 IJPPR (2023), Vol. 14, Issue 4         Review Article 

                      
Aditya Sharma et al                                  P a g e  | 1 

               

 

INTERNATIONAL JOURNAL OF  

 

PHARMA PROFESSIONAL’S  

 

RESEARCH 

 
               

Application of biopolymers in clothing and fashion 

1Aditya Sharma*, 2Adarsh Jha 

1 Department of Pharmacy, School of Medical and Allied Sciences, M. Pharm, Galgotias University, 

Greater Noida, Uttar Pradesh, India 

2 Faculty of Pharmacy, Parul Institute of Pharmacy and Research, M. Pharm, Parul University, 

Vadodara, Gujarat, India 

Keywords: 

Biopolymers, biodegradable 

textiles, coating, synthesis of 

biopolymers, Sustainable 

fibers, Fashion, Smart textiles. 

 
 
Corresponding Author- 

Aditya Sharma 

adityasharma0768@gmail.c

om 

Department of Pharmacy, 

School of Medical and Allied 

Sciences, Galgotias 

University, Plot No.2, Sector 

17-A, Yamuna Expressway, 

Greater Noida, Gautam Budh 

Nagar, Uttar Pradesh 

(201310), India. 

 

 

 

 

 

 

 

 

 

 

Abstract: The use of biopolymer fibres in textile technology 

predates written human history. Researchers and academics are 

looking at plant fabrics for potential use in cutting-edge 

technologies because of their low environmental impact and long 

lifespan. The use of nonbiodegradable petrochemical materials in 

fast fashion's trendy, low-priced clothes has increased in frequency. 

The development, manufacturing, and disposal of these materials 

have all contributed to environmental degradation. Materials that 

incorporate biopolymers are often promoted as biobased, 

biodegradable, or possessing all of these qualities. Biopolymers 

textiles with improved degradability performance are reviewed, as 

is the utilisation of this intelligent bio textile as a low or no-cost 

replacement for commercial chemical-based textiles. This book 

will also explain how these cutting-edge modelling techniques 

might help polymer designers settle on the most optimal solution. 

In addition to reducing expenditures on resources, production, and 

processing, the entirely biodegradable polymers also provide 

support for the textiles industry, Biodegradable polymers' recent 

advancement and prospective future uses and trends in the 

contemporary biodegradable textiles industry will be discussed. 

The transition from synthetic to bio-based materials is inevitable, 

although it is happening slowly due to technological hurdles. The 

use of biopolymers offers several benefits, including the 

manufacture of an eco-friendly final product and lightweight 

textiles with cheap production costs. A lot of work has gone into 

making bio-textiles that can meet the needs of the future, like 

ensuring their superiority in all respects and acquiring textile 

substrates with prospective capabilities like antimicrobial, 

fireproof, resistant to ultraviolet light, conductive to electricity, and 
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very hydrophobic. We'll be 

discussing we'll examine 

how eco-friendly 

biopolymers can be 

incorporated at various points in the textile production process. 

Biopolymers are more environmentally conscientious than other 

cutting-edge technologies because they could help future 

generations save money, energy, and raw resources. 
 

Introduction:  Biopolymers are a category of 

polymers derived from natural sources, such as 

plants, animals, or microorganisms. Unlike 

traditional petroleum-based polymers, which 

contribute significantly to environmental 

pollution and waste, biopolymers offer a 

sustainable and eco-friendly alternative.1 They are 

produced using renewable resources, which 

reduces dependence on fossil fuels and minimizes 

the carbon footprint. Biopolymers come in 

various forms, ranging from fibers used to create 

biodegradable textiles, like polylactic acid (PLA) 

and polyhydroxyalkanoates (PHA), to coatings 

and finishes that enhance the performance of 

clothing while avoiding harmful chemicals.2,3 

These materials are biodegradable, meaning they 

can break down naturally over time, reducing the 

burden of plastic waste in landfills and oceans. 

Additionally, biopolymers can be used to 

manufacture sustainable accessories like buttons, 

buckles, and zippers, replacing conventional 

plastic components. Furthermore, the fashion 

industry can benefit from biopolymers in terms of 

waste reduction, as some biopolymers can be 

derived from agricultural or food industry by-

products, promoting a circular economy.4 Despite 

their promising benefits, biopolymers face 

challenges in terms of scalability, performance, 

and cost-effectiveness, requiring ongoing 

research and development to fully integrate them 

into mainstream clothing and fashion practices. 

Nevertheless, as consumers increasingly 

prioritize eco-friendly and ethical products, the 

application of biopolymers in clothing and 

fashion holds great potential for a more 

sustainable and responsible industry.5,6 As 

consumers become more environmentally 

conscious and demand sustainable practices, the 

integration of biopolymers in clothing and fashion 

is gaining momentum. Biodegradable textiles 

made from biopolymers, such as PLA and PHA 

fibers, offer a viable solution to the problem of 

textile waste, which is a significant contributor to 

global environmental pollution.7,8 These 

biodegradable fabrics can break down naturally, 

reducing their impact on the planet and potentially 

closing the loop on the fashion industry's product 

lifecycle. Bio-based fibers, derived from 

renewable resources like bamboo, hemp, and soy, 

are increasingly favoured for their eco-friendly 

properties.9 These fibers possess excellent 

moisture-wicking capabilities and breathability, 

making them ideal for active wear and sportswear. 

Additionally, they reduce the reliance on 

resource-intensive traditional textile production 

methods. The adoption of eco-friendly coatings 

and finishes derived from biopolymers enhances 

the durability and performance of garments 

without compromising the environment. These 

coatings offer water resistance, protect against 

wear and tear, and can be applied to a wide range 

of fabrics, contributing to the creation of long-

lasting and sustainable fashion pieces.10 The use 

of biopolymers for sustainable accessories, such 

as biodegradable buttons, buckles, and zippers, 

aligns with the circular economy concept by 

ensuring that these components can decompose 

harmlessly after their useful life, reducing waste 

and pollution. Biopolymers present an 

opportunity for the fashion industry to reduce its 

carbon footprint. By utilizing by-products from 

agricultural or food industries as raw materials for 

biopolymer production, the fashion sector can 

play a role in upcycling and repurposing materials 

that would otherwise be discarded.11 While the 

benefits of biopolymers in clothing and fashion 

are promising, challenges persist. Developing 

scalable and cost-effective processes for large-

scale production remains a key hurdle. 

Researchers and innovators in the field are 

continuously exploring new techniques to 

overcome these obstacles and drive the industry 

towards a more sustainable future.12 The 

importance of sustainable practices in the clothing 
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industry cannot be overstated, as the sector is 

known for its significant environmental and social 

impact. Embracing sustainability is crucial to 

address the challenges posed by the industry's 

fast-paced and resource-intensive nature. Firstly, 

the clothing industry is a major contributor to 

pollution, water consumption, and waste 

generation, driven by the prevalence of fast 

fashion and the use of non-renewable resources 

like petroleum-based synthetic fibers.13,14 

Sustainable practices, such as the use of 

biopolymers and bio-based fibers, offer 

alternatives that are biodegradable, renewable, 

and reduce the industry's overall carbon footprint. 

Secondly, sustainability in the clothing industry is 

closely linked to ethical considerations.15 By 

adopting fair labor practices, ensuring worker 

safety, and promoting responsible sourcing of 

materials, companies can contribute to better 

working conditions and protect vulnerable 

communities involved in the supply chain. 

Moreover, sustainable practices foster 

transparency and accountability, enabling 

consumers to make informed choices about the 

products they purchase.16,17 As consumers 

increasingly prioritize eco-friendly and ethically 

produced garments, embracing sustainability 

becomes a strategic advantage for fashion brands, 

driving innovation, and differentiation. Overall, 

sustainable practices are not only essential for 

mitigating environmental and social impacts but 

also crucial for the long-term viability and 

resilience of the clothing industry in a world 

where sustainability is a growing concern for 

consumers and stakeholders alike.18 

 

Figure 1: A transition to a sustainable textile 

industry is possible through the use of synthetic 

biology and biofabrication techniques. 

2. Biodegradable Textiles: Biodegradable 

textiles are a revolutionary development in the 

clothing industry, offering a sustainable and eco-

friendly alternative to traditional synthetic 

fibers.19 These textiles are made from 

biopolymers derived from natural sources, such as 

plants, bacteria, or algae. One prominent example 

is polylactic acid (PLA), which is derived from 

cornstarch or sugarcane. PLA fibers exhibit 

properties similar to polyester, making them 

versatile and suitable for a wide range of clothing 

applications.20 Another biodegradable textile is 

polyhydroxyalkanoates (PHA), produced by 

microorganisms, and known for their 

biocompatibility and environmental friendliness. 

The key advantage of biodegradable textiles lies 

in their ability to break down naturally when 

disposed of correctly, reducing the burden of non-

biodegradable waste on landfills and the 

environment.20 As they decompose, 

biodegradable textiles release harmless 

byproducts like water, carbon dioxide, and 

biomass, making them more environmentally 

friendly compared to conventional synthetic 

fibers. Furthermore, the production of 

biodegradable textiles typically requires fewer 

fossil fuels, contributing to a reduced carbon 

footprint. Embracing biodegradable textiles 

aligns with the principles of the circular economy, 

as these materials can be recycled or upcycled to 

create new products or reintegrated into the 

ecosystem.21 By choosing biodegradable textiles, 

the fashion industry takes significant strides 

towards reducing its environmental impact and 

addressing the problem of textile waste. However, 

challenges remain in the widespread adoption of 

biodegradable textiles. The cost of production is 

often higher compared to traditional textiles, and 

further research and development are necessary to 

improve the performance and durability of 

biodegradable fibers to match that of their 
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synthetic counterparts. Nevertheless, as 

environmental awareness and consumer demand 

for sustainable products grow, the integration of 

biodegradable textiles in the clothing industry 

continues to gain momentum. With ongoing 

efforts to enhance their properties and scalability, 

biodegradable textiles hold immense potential to 

reshape the fashion industry, promoting a more 

circular and environmentally responsible 

approach to clothing production and 

consumption. By embracing these innovative 

materials, the fashion industry can play a crucial 

role in fostering a more sustainable and greener 

future for the planet.22  

2.1 Polylactic Acid (PLA) Fibers: Polylactic 

Acid (PLA) fibers are a remarkable example of 

biodegradable textiles and an eco-friendly 

alternative to traditional synthetic fibers in the 

clothing industry. PLA is derived from renewable 

resources such as cornstarch or sugarcane through 

a fermentation process, making it a bio-based 

polymer.23 These fibers possess properties similar 

to polyester, rendering them versatile for various 

clothing applications, including apparel, 

sportswear, and even home textiles. PLA fibers 

are known for their softness, breathability, and 

moisture-wicking capabilities, providing comfort 

to the wearer.24 The most significant advantage of 

PLA fibers lies in their biodegradability. When 

disposed of correctly, PLA fibers can break down 

naturally in the environment, reducing the 

accumulation of non-biodegradable waste and 

contributing to a more sustainable and circular 

fashion industry.25 Moreover, the production of 

PLA fibers typically requires fewer fossil fuels 

and generates lower greenhouse gas emissions, 

making them an environmentally friendly choice. 

Despite their promising attributes, challenges 

such as the cost of production and performance 

limitations compared to synthetic fibers persist.26 

However, ongoing research and development 

efforts aim to overcome these obstacles and 

further enhance PLA fibers' properties, paving the 

way for a more eco-conscious and responsible 

future in the clothing and textile sectors.27,28 

2.2 Polyhydroxyalkanoates (PHA) Fibers: 

Polyhydroxyalkanoates (PHA) fibers represent a 

remarkable advancement in the realm of 

biodegradable textiles and sustainable clothing 

materials. PHA is a class of biopolymers 

produced by microorganisms through the 

fermentation of renewable feedstocks.29 These 

fibers are inherently biocompatible and exhibit 

impressive biodegradability, making them an 

attractive option for environmentally conscious 

fashion practices.30 PHA fibers offer various 

desirable properties, including strength, elasticity, 

and resistance to moisture and UV radiation, 

making them suitable for a wide range of clothing 

applications. Their softness and breathability 

provide comfort to wearers, and their ability to 

wick moisture away from the skin enhances 

performance in activewear.31 Notably, the 

biodegradable nature of PHA fibers ensures they 

can naturally decompose under specific 

conditions, contributing to the reduction of textile 

waste in landfills and oceans. The adoption of 

PHA fibers in the fashion industry aligns with the 

principles of the circular economy, as they can be 

recycled, upcycled, or returned to nature without 

causing harm.32,33 Although challenges remain in 

terms of production scalability and cost-

effectiveness, ongoing research and development 

efforts aim to enhance the performance and 

broaden the application of PHA fibers. As 

consumer awareness of sustainability grows, the 

integration of PHA fibers into clothing and 

fashion offers the potential to revolutionize the 

industry, promoting a more environmentally 

responsible and ethically conscious approach to 

clothing production and consumption.34,35 

3. Bio-Based Fibers: Bio-based fibers have 

emerged as a transformative force in the clothing 

industry, offering sustainable alternatives to 

conventional synthetic fibers. Derived from 

renewable sources such as plants, trees, or other 
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natural materials, these fibers present a 

compelling solution to the environmental 

challenges posed by the fashion sector.36 With 

growing concerns about climate change, resource 

depletion, and plastic pollution, the adoption of 

bio-based fibers aligns with the urgent need for 

eco-friendly and socially responsible practices in 

the fashion industry.37,38 One of the most 

prominent and widely used bio-based fibers is 

derived from bamboo. Bamboo is a fast-growing 

and highly renewable resource that requires 

minimal water and pesticides to thrive. The 

bamboo plant is processed into fibers through 

mechanical or chemical means, yielding a soft, 

lightweight, and biodegradable material that 

offers excellent breathability and comfort.39 

Bamboo fibers are sought-after for their eco-

friendly nature and sustainable attributes, making 

them an attractive choice for consumers seeking 

environmentally conscious clothing options. 

Hemp fibers have gained traction as a bio-based 

alternative in the fashion industry.40,41 Hemp is a 

versatile plant that grows rapidly and requires 

fewer resources than conventional crops. Hemp 

fibers are known for their strength, durability, and 

antimicrobial properties, making them ideal for 

various clothing applications, including casual 

wear, sportswear, and even luxury fashion. 

Hemp's natural resistance to pests reduces the 

need for pesticides, making it an eco-friendly and 

sustainable option for clothing production.42,43 

Soy fibers, derived from the by-products of 

soybean processing, have also emerged as a viable 

bio-based option. Soybeans are a widely 

cultivated and renewable crop, and their fibers 

possess unique properties, including excellent 

moisture-wicking capabilities and softness. Soy 

fibers are biodegradable, contributing to reduced 

textile waste, and their production utilizes 

agricultural residues, promoting resource 

efficiency and waste reduction. In addition to 

bamboo, hemp, and soy, other bio-based fibers, 

such as organic cotton, flax, and nettle, are 

gaining attention for their sustainable attributes.44 

Organic cotton, for instance, is cultivated without 

harmful pesticides or synthetic fertilizers, 

reducing the environmental impact of 

conventional cotton production. Flax and nettle 

fibers are derived from naturally occurring plants 

that require fewer resources and are 

biodegradable, aligning with the principles of the 

circular economy.45 The adoption of bio-based 

fibers in the fashion industry offers a multitude of 

benefits that extend beyond their eco-friendly 

properties.46 These fibers promote social 

responsibility by supporting sustainable 

agriculture, creating livelihoods for farmers, and 

preserving traditional cultivation practices. By 

favoring renewable resources, the fashion sector 

can reduce its dependency on fossil fuels and 

contribute to a more sustainable future.47 

Moreover, bio-based fibers have the potential to 

positively impact local economies and rural 

communities, especially in developing countries 

where many of these resources are abundant. 

Their cultivation and processing can create 

employment opportunities, strengthen local 

industries, and empower communities to 

participate in sustainable fashion supply chains. 

The transition to bio-based fibers also addresses 

consumer demands for transparency and ethical 

practices in the fashion industry.48 As consumers 

become increasingly conscious of the 

environmental and social implications of their 

purchasing choices, they seek out brands that 

prioritize sustainability and responsibly sourced 

materials. Bio-based fibers provide a clear and 

tangible way for fashion brands to demonstrate 

their commitment to environmental stewardship 

and foster consumer trust.49 Despite the numerous 

benefits of bio-based fibers, challenges remain in 

their widespread adoption. One key concern is the 

scalability of production. While bio-based fibers 

have gained popularity, their current production 

levels may not yet match the demand of the fast-

paced fashion industry.50 Scaling up production to 

meet the needs of global markets requires 

investment in research, infrastructure, and 

technology to optimize cultivation, processing, 

and supply chain logistics. Cost-effectiveness is 
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another aspect that influences the adoption of bio-

based fibers. At present, some bio-based fibers 

may be more expensive to produce than their 

synthetic counterparts due to limited production 

scales and higher processing costs. As technology 

and economies of scale improve, the cost 

competitiveness of bio-based fibers is expected to 

improve, making them more accessible to a 

broader market.51,52 Ensuring the traceability and 

certification of bio-based fibers is essential for 

maintaining consumer confidence and ensuring 

sustainability claims. Standards such as Global 

Organic Textile Standard (GOTS), Oeko-Tex, 

and other certification programs play a critical 

role in verifying the environmental and social 

credentials of bio-based fibers, providing 

assurance to consumers and industry stakeholders 

alike. The emergence of bio-based fibers 

represents a pivotal moment in the fashion 

industry's journey towards sustainability and 

responsible practices.53 Derived from renewable 

sources, these fibers offer eco-friendly 

alternatives to conventional synthetic materials, 

reducing the industry's environmental impact and 

contributing to the preservation of natural 

resources. Bamboo, hemp, soy, and other bio-

based fibers showcase the potential for innovation 

and transformation within the fashion sector, 

fostering a more circular and socially responsible 

approach to clothing production and 

consumption.54 As consumers become more 

environmentally conscious and demand 

transparency in supply chains, the adoption of 

bio-based fibers can drive positive change in the 

fashion industry. However, addressing challenges 

related to scalability, cost, and traceability 

requires collaborative efforts from stakeholders 

across the fashion value chain, including brands, 

manufacturers, policymakers, and consumers. By 

embracing the opportunities presented by bio-

based fibers and integrating them into sustainable 

fashion practices, the industry can take significant 

strides toward a more regenerative and 

responsible future.55 Ultimately, the success of 

bio-based fibers hinges on their ability to foster a 

fashion ecosystem that respects planetary 

boundaries, promotes social equity, and 

celebrates the beauty of natural materials.56,57 

Bio-based fibers offer a multitude of advantages 

and unique properties that make them an 

attractive and sustainable alternative to 

conventional synthetic fibers in the fashion 

industry. One of the primary advantages is their 

renewable sourcing. Derived from plants, trees, or 

other natural materials, bio-based fibers reduce 

the industry's reliance on finite fossil fuel 

resources, contributing to a more environmentally 

responsible and resource-efficient supply chain.58 

This renewable sourcing also supports sustainable 

agriculture and can empower local communities, 

particularly in developing regions where these 

resources are abundant.59 Another key advantage 

of bio-based fibers is their biodegradability. 

Unlike conventional synthetic fibers, which can 

persist in the environment for hundreds of years, 

bio-based fibers break down naturally over time, 

reducing the burden of textile waste and its impact 

on landfills and oceans.60 By fostering a circular 

economy, where fibers can be recycled, upcycled, 

or returned to nature, bio-based fibers offer a 

more sustainable end-of-life option for clothing. 

Bio-based fibers exhibit unique properties that 

cater to diverse clothing needs. For example, 

bamboo fibers are known for their softness, 

breathability, and moisture-wicking capabilities, 

making them ideal for comfortable and cool 

garments.61 Hemp fibers, on the other hand, are 

exceptionally strong and durable, lending 

themselves to robust and long-lasting clothing 

items. Soy fibers possess excellent moisture-

wicking properties and a soft feel, enhancing the 

performance of activewear and sportswear. Flax 

fibers are lightweight and have a natural luster, 

adding a touch of elegance to clothing pieces.62 

Each bio-based fiber offers distinct attributes that 

cater to various fashion applications, providing 

designers and consumers with a wide array of 

options. Bio-based fibers often require fewer 

chemical inputs during production. For instance, 

organic cotton is cultivated without the use of 
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harmful pesticides or synthetic fertilizers, 

reducing environmental pollution and 

safeguarding the health of farmers and nearby 

communities.63 This reduced chemical usage 

contributes to cleaner waterways and healthier 

ecosystems, aligning with broader sustainability 

goals. The adoption of bio-based fibers also 

fosters a more transparent and ethical fashion 

industry.64 As consumers increasingly prioritize 

sustainable and socially responsible practices, 

bio-based fibers provide a clear and tangible way 

for brands to showcase their commitment to 

environmental stewardship and fair labor 

practices.65 Certifications such as the Global 

Organic Textile Standard (GOTS) and Oeko-Tex 

further verify the authenticity of bio-based fibers, 

offering assurance to consumers that the materials 

they choose meet stringent environmental and 

social standards. Despite these advantages, 

challenges remain in the widespread adoption of 

bio-based fibers. Scalability and cost-

effectiveness are critical concerns that need to be 

addressed to make these fibers more accessible to 

a broader market.66 Research, investment, and 

technological advancements are essential to 

optimize production processes and bring down 

the costs of bio-based fibers.67 

 

 

 

Table 1: Bio-based fibers clothing industry65-67 

Fiber 

Type 

Source Properties Uses 

Cotton Cotton 

plant 

Soft, 

breathable, 

absorbent 

T-shirts, 

jeans, 

undergarmen

ts, casual 

wear 

Hemp Hemp 

plant 

Durable, 

strong, eco-

friendly 

Shirts, 

dresses, 

accessories, 

sustainable 

wear 

Bambo

o 

Bamboo 

plant 

Soft, 

moisture-

wicking 

Activewear, 

socks, 

underwear, 

loungewear 

Soy Soybean

s 

Soft, 

hypoallerge

nic 

Baby 

clothing, 

undergarmen

ts, casual 

wear 

Linen Flax 

plant 

Lightweight

, breathable 

Summer 

clothing, bed 

linens, 

towels 

Tencel 

(Lyocel

l) 

Eucalypt

us or 

Beech 

trees 

Soft, 

biodegradab

le, drapey 

Dresses, 

skirts, eco-

friendly 

fashion 

Modal Beech 

tree pulp 

Silky, soft, 

resists 

shrinkage 

Underwear, 

loungewear, 

shirts, 

dresses 

Piñatex Pineappl

e leaf 

fibers 

Textured, 

durable, 

sustainable 

Bags, shoes, 

accessories, 

outerwear 

Recycle

d PET 

Recycled 

plastic 

Versatile, 

moisture-

wicking 

Activewear, 

outerwear, 

athleisure 

Organi

c Wool 

Organic 

sheep 

farming 

Insulating, 

natural, 

renewable 

Sweaters, 

coats, cold-

weather 

garments 

4. Eco-Friendly Coatings: Eco-friendly coatings 

have emerged as a significant development in 

various industries, including construction, 

automotive, and most notably, in the field of 

fashion and textiles. These coatings are designed 

to provide protection, durability, and enhanced 

performance to products while minimizing their 

environmental impact.68 The demand for eco-

friendly coatings has been driven by growing 

concerns about the adverse effects of 

conventional chemical coatings on human health 

and the environment.69 By adopting eco-friendly 

coatings, industries can take substantial strides 

towards sustainability, reducing their carbon 
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footprint and contributing to a more responsible 

and environmentally conscious approach to 

manufacturing and consumption. One of the key 

characteristics of eco-friendly coatings is their 

formulation using low or zero volatile organic 

compounds (VOCs). VOCs are chemical 

compounds that can evaporate into the air and 

contribute to air pollution and the formation of 

smog.70 Conventional coatings often contain high 

levels of VOCs, which can have harmful effects 

on human health and the environment. Eco-

friendly coatings, on the other hand, are 

formulated to have minimal or no VOC content, 

promoting better air quality and reducing the 

emission of harmful pollutants. In the fashion and 

textiles industry, eco-friendly coatings are widely 

used to enhance the performance and 

functionality of clothing and accessories.71 These 

coatings can provide water resistance, stain 

resistance, and UV protection, making them ideal 

for outdoor clothing, activewear, and 

performance apparel. Eco-friendly coatings are 

particularly advantageous in sportswear, as they 

can improve breathability and moisture-wicking 

properties, enhancing the comfort and 

performance of athletes.72,73 One popular 

application of eco-friendly coatings in the fashion 

industry is for waterproofing textiles. Traditional 

waterproofing treatments often rely on 

perfluorinated chemicals (PFCs), which are 

persistent in the environment and have been 

associated with health concerns. Eco-friendly 

coatings offer an alternative by utilizing bio-

based or plant-derived materials that are 

biodegradable and non-toxic. These coatings 

effectively repel water while minimizing the 

impact on the environment and human health.74,75 

Additionally, eco-friendly coatings can enhance 

the durability and longevity of textiles, reducing 

the need for frequent replacements and 

contributing to waste reduction. By protecting 

fabrics from wear and tear, fading, and 

degradation, these coatings help extend the 

lifespan of clothing items, aligning with the 

principles of a circular economy. In the 

construction industry, eco-friendly coatings are 

used for a variety of applications, ranging from 

paints and sealants to flooring and roofing 

materials.76 These coatings are formulated to have 

lower or no VOC content, reducing indoor air 

pollution and promoting healthier living and 

working environments. Eco-friendly coatings in 

construction materials also contribute to energy 

efficiency and thermal insulation, improving the 

overall sustainability of buildings. Automotive 

manufacturers have also turned to eco-friendly 

coatings to reduce the environmental impact of 

their products.77 Low VOC or water-based 

coatings are used in vehicle painting and 

finishing, minimizing air pollution and 

greenhouse gas emissions during production. 

Additionally, eco-friendly coatings can provide 

corrosion resistance, protecting vehicles from 

environmental degradation and extending their 

lifespan. In recent years, advancements in 

technology and innovation have led to the 

development of bio-based and biodegradable eco-

friendly coatings. These coatings are derived from 

renewable resources, such as plant-based oils or 

natural resins, making them more sustainable and 

eco-friendly. As they break down naturally in the 

environment, bio-based coatings reduce the 

accumulation of harmful waste and contribute to 

a circular economy.78 Despite the numerous 

advantages of eco-friendly coatings, challenges 

remain in their widespread adoption. One key 

challenge is the cost of production and the 

availability of raw materials. Bio-based and 

sustainable materials may be more expensive than 

conventional counterparts, impacting the overall 

cost of products for manufacturers and 

consumers.79 However, as technology advances 

and economies of scale improve, the cost 

competitiveness of eco-friendly coatings is 

expected to increase, making them more 

accessible to a broader market. Another challenge 

lies in maintaining the same level of performance 

and durability as conventional coatings. Some 

eco-friendly coatings may not yet match the long-

lasting properties of traditional chemical coatings, 
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particularly in extreme conditions or heavy-use 

applications. Ongoing research and development 

are essential to continuously improve the 

performance of eco-friendly coatings and expand 

their range of applications.80 Certification and 

labeling play a crucial role in ensuring the 

authenticity and credibility of eco-friendly 

coatings. Standards and certifications, such as 

Green Seal, GreenGuard, and Ecologo, provide 

third-party verification of the environmental 

attributes of coatings, enabling consumers and 

industries to make informed choices about the 

products they use and support.81 Eco-friendly 

coatings offer a sustainable and responsible 

approach to protecting, enhancing, and improving 

various products across industries. By reducing 

VOC emissions, promoting better air quality, and 

utilizing renewable resources, these coatings 

contribute to a healthier and more 

environmentally friendly world. In the fashion 

and textiles industry, eco-friendly coatings are 

particularly valuable for waterproofing and 

enhancing the performance of clothing and 

accessories. In construction and automotive 

sectors, these coatings support energy efficiency, 

indoor air quality, and overall sustainability.82,83 

While challenges persist, the growing demand for 

eco-friendly solutions and advancements in 

technology are driving progress towards more 

effective and accessible eco-friendly coatings. 

Embracing these coatings is a vital step towards a 

greener, more responsible, and sustainable future 

for industries and society as a whole.84 

5. Biodegradable Packaging Solutions: 

Biodegradable packaging has become a 

significant trend in the clothing and fashion 

industry as brands and consumers increasingly 

prioritize sustainable and environmentally 

responsible practices. Conventional packaging 

materials, such as plastic bags and polyethylene 

wraps, contribute to the global plastic pollution 

crisis and harm ecosystems.85 Biodegradable 

packaging offers a promising solution to this 

problem, as it can break down naturally in the 

environment, reducing its impact on landfills, 

oceans, and wildlife. In the clothing and fashion 

sector, biodegradable packaging serves multiple 

purposes, from protecting garments during 

transportation and storage to creating a positive 

brand image aligned with sustainability values.86 

One of the most widely used biodegradable 

packaging materials is bioplastic, derived from 

renewable resources like cornstarch, sugarcane, 

or potato starch. These bioplastics share similar 

properties to conventional plastics, offering 

durability and flexibility while having the distinct 

advantage of biodegradability.87,88 Biodegradable 

bags made from these materials are a popular 

choice for packaging clothing items. These bags 

can be used to protect individual garments, 

accessories, or even entire orders during shipping, 

ensuring that the products arrive in excellent 

condition while minimizing environmental 

impact.89 Unlike traditional plastic bags that take 

hundreds of years to decompose, biodegradable 

bags break down in a matter of months under the 

right conditions, significantly reducing the burden 

on the environment. Some clothing brands have 

embraced compostable packaging, made from 

materials like corn starch or plant fibers.90 

Compostable packaging goes beyond 

biodegradation; it can be added to compost 

systems, turning into nutrient-rich soil when 

properly processed. This closed-loop system 

fosters a circular economy, where packaging 

materials return to nature and contribute to 

sustainable agricultural practices. Another eco-

friendly packaging option in the clothing and 

fashion industry is tissue paper made from 

recycled or FSC-certified paper. Using recycled 

paper helps conserve trees and reduce the 

environmental impact of deforestation. Many 

fashion brands are also opting for soy-based inks 

for printing their logos and designs on tissue 

paper, further enhancing the sustainability of the 

packaging.91 Beyond individual item packaging, 

biodegradable materials are used for outer 

packaging, such as shipping boxes and mailers. 

Biodegradable corrugated cardboard boxes and 
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mailers provide excellent protection for clothing 

during transit while ensuring that the packaging 

materials themselves do not contribute to waste 

pollution. These boxes can be easily recycled or 

composted at the end of their useful life, closing 

the loop in the packaging lifecycle. Some clothing 

brands have gone even further in their 

commitment to sustainable packaging by 

exploring innovative alternatives. For instance, 

mushroom-based packaging materials are gaining 

attention for their biodegradability and eco-

friendliness.92 Mycelium, the root structure of 

mushrooms, can be grown into various shapes and 

forms, providing a biodegradable and 

compostable alternative to conventional 

packaging materials. The adoption of 

biodegradable packaging in the clothing and 

fashion industry aligns with consumer demands 

for environmentally responsible practices. As 

consumers become more conscious of the 

environmental impact of their purchases, 

sustainable packaging becomes a critical factor in 

their buying decisions. Brands that utilize 

biodegradable packaging can appeal to 

environmentally conscious consumers and build 

brand loyalty based on shared values of 

sustainability and environmental stewardship. 

The use of biodegradable packaging in the fashion 

industry extends beyond the ecological benefits.93 

It also presents a marketing opportunity for 

brands to differentiate themselves in a 

competitive market. Sustainable packaging sends 

a powerful message about a brand's commitment 

to ethical practices and corporate responsibility, 

resonating with environmentally aware 

consumers who seek to support businesses 

aligned with their values.94 Despite the many 

advantages of biodegradable packaging, 

challenges remain in its widespread adoption. 

One major concern is the cost of biodegradable 

materials compared to traditional plastic 

packaging. Biodegradable packaging materials 

may currently be more expensive, impacting 

production costs for brands. However, as demand 

increases and technology advances, economies of 

scale are likely to drive down costs and make 

biodegradable packaging more accessible and 

cost-competitive.95 Another challenge is ensuring 

that consumers dispose of biodegradable 

packaging correctly. Proper waste management 

and infrastructure are essential to facilitate the 

composting or recycling of biodegradable 

materials. Brands can play a role in educating 

consumers about the benefits of biodegradable 

packaging and providing guidance on proper 

disposal methods to ensure maximum 

environmental impact.96 Biodegradable 

packaging is a transformative approach in the 

clothing and fashion industry, offering a 

sustainable and responsible solution to the plastic 

waste crisis. From bioplastic bags and 

compostable tissue paper to mushroom-based 

materials, eco-friendly packaging options have 

gained traction among fashion brands and 

consumers alike. By adopting biodegradable 

packaging, the clothing and fashion industry can 

significantly reduce its environmental footprint, 

protect ecosystems, and contribute to a more 

sustainable and circular economy. Beyond the 

environmental benefits, eco-friendly packaging 

also enables brands to showcase their 

commitment to sustainability, enhance their brand 

image, and appeal to consumers seeking ethical 

and eco-conscious products.97 As technology 

continues to evolve and consumer awareness 

grows, biodegradable packaging is poised to 

become an integral part of a more sustainable and 

responsible future for the clothing and fashion 

industry.98 

Table 2: Biodegradable packaging solutions 

suitable for the clothing industry96-98 
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Packag
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Packagi
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land 

resource

s, 

Sustain

able 

packag

ing for 

clothin

g 

Packagi

ng 

Solution 

Materi

al 

Source 

Biodegrad

ability 

Advanta

ges 
Uses 

compost

able 

Biodegra

dable 

Film 

Cassav

a, 

Algae 

Fully 

biodegrada

ble 

Reduces 

plastic 

waste, 

flexible, 

suitable 

for 

wrappin

g 

Packag

ing 

clothin

g sets 

or 

bundle

s 

Plant 

Fiber 

Boxes 

Wheat 

straw, 

Sugarc

ane 

fiber 

Biodegrad

able 

Sturdy, 

renewabl

e, 

compost

able 

Shippi

ng 

clothin

g 

orders 

Water-

Soluble 

Bags 

PVA 

Fully 

biodegrada

ble 

Dissolve

s in 

water 

without 

residue 

Laundr

y bags 

for 

online 

clothin

g 

retailer

s 

6. Biopolymers in 3D Printing: Biopolymers 

have revolutionized the field of 3D printing, 

particularly in the clothing and fashion industry, 

offering sustainable and innovative solutions for 

design, prototyping, and production processes.99 

3D printing, also known as additive 

manufacturing, allows for the creation of three-

dimensional objects by depositing materials layer 

by layer, enabling intricate and customizable 

designs. Traditional 3D printing materials are 

often petroleum-based plastics, which contribute 

to environmental pollution and are non-

biodegradable. Biopolymers present a 

transformative alternative as they are derived 

from renewable sources like plants, bacteria, or 

algae and can be biodegradable, reducing the 

environmental impact of 3D printed objects.100 
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One of the key advantages of using biopolymers 

in 3D printing for clothing and fashion is their 

sustainability and eco-friendliness. Biopolymers, 

such as polylactic acid (PLA) and 

polyhydroxyalkanoates (PHA), are 

biodegradable, meaning they can break down 

naturally in the environment, reducing waste and 

minimizing the burden on landfills and 

ecosystems. By replacing traditional petroleum-

based plastics with biopolymers, the fashion 

industry can significantly reduce its carbon 

footprint and contribute to a more circular 

economy. Biopolymers also offer unique 

properties that make them well-suited for 3D 

printing applications in clothing and fashion. 

PLA, for instance, is known for its ease of use, 

biodegradability, and compatibility with a wide 

range of 3D printers.101 Its low melting 

temperature and minimal warping during printing 

make it suitable for creating intricate and complex 

designs, making it popular for rapid prototyping 

and custom garment production. PHA, another 

biopolymer used in 3D printing, offers excellent 

biodegradability and versatility. It is more flexible 

and elastic than PLA, making it suitable for 

producing flexible and durable fashion 

accessories, such as buckles, buttons, and straps. 

The biodegradability of PHA ensures that this 3D 

printed accessories can break down naturally at 

the end of their useful life, contributing to a more 

sustainable fashion ecosystem.102 The use of 

biopolymers in 3D printing allows for the creation 

of sustainable and ethically produced fashion 

products. Biopolymers can be sourced from 

renewable resources, such as corn or sugarcane, 

reducing the reliance on fossil fuels and 

promoting sustainable agricultural practices. This 

aligns with the growing consumer demand for 

ethically produced and environmentally friendly 

fashion items.103 3D printing with biopolymers 

also offers a higher level of customization and 

personalization in the fashion industry. The 

technology enables designers to create unique and 

tailored garments and accessories, catering to 

individual preferences and body shapes. 

Consumers can have a more active role in the 

design process, fostering a deeper connection 

with the fashion products they wear and reducing 

the likelihood of clothing waste. 3D printing with 

biopolymers can lead to more efficient and 

resource-saving production processes. Traditional 

garment manufacturing involves cutting and 

sewing fabric, resulting in significant material 

waste.104 3D printing, on the other hand, is an 

additive manufacturing process that only uses the 

necessary amount of biopolymer material to 

create the object, minimizing waste and 

optimizing resource utilization. As with any 

technology, challenges remain in the widespread 

adoption of biopolymers in 3D printing for 

clothing and fashion. One significant challenge is 

the cost of biopolymers compared to conventional 

petroleum-based plastics.105 While the prices of 

biopolymers have been decreasing due to 

advancements in production processes and 

economies of scale, they may still be higher than 

traditional materials, impacting production costs 

for fashion brands. However, as the demand for 

sustainable and eco-friendly products increases, 

the cost of biopolymers is expected to become 

more competitive. The performance 

characteristics of biopolymers in 3D printing may 

not always match those of traditional plastics.106 

Biopolymers may have different mechanical 

properties, such as strength and flexibility, which 

can affect the durability and wearability of 3D 

printed fashion items. Ongoing research and 

development are essential to improving the 

properties of biopolymers and optimizing their 

performance for different fashion applications. 

The infrastructure for recycling and composting 

biopolymers may not be as well-established as 

that for traditional plastics.107 Ensuring proper 

waste management and end-of-life options for 

biopolymer-based 3D printed objects is crucial to 

maximize their environmental benefits and 

prevent potential pollution. The integration of 

biopolymers in 3D printing has opened up 

exciting opportunities for sustainable and 

innovative practices in the clothing and fashion 
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industry. Biopolymers offer eco-friendly 

alternatives to traditional plastics, providing 

sustainability and biodegradability benefits. Their 

use in 3D printing enables customizability, 

reduced waste, and more efficient production 

processes.108 While challenges such as cost and 

performance remain, the increasing demand for 

sustainable fashion and the ongoing 

advancements in biopolymer technology are 

driving progress towards a eco-friendlier and 

responsible future for 3D printing in clothing and 

fashion. As the industry continues to embrace 

biopolymers and additive manufacturing, it 

moves closer to a more circular and sustainable 

fashion ecosystem that promotes environmental 

stewardship and meets the demands of eco-

conscious consumers.109,110 

 

Table 3: Biopolymers used in 3D printing for the 

clothing industry106-110 
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enginee

ring 
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medic

al 
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s 
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protein 

Biode

gradab

le, 
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7. Challenges and Future Prospects: The 

challenges and future prospects of biopolymers in 

clothing and fashion are intertwined. While cost, 

performance limitations, and supply chain issues 

pose obstacles to their widespread adoption, 

advancements in technology, increasing 

consumer demand for sustainability, and 

collaborative efforts offer promising solutions. 

Biopolymers' renewable sourcing and 

biodegradability align with the growing demand 

for eco-friendly materials, making them attractive 

to the fashion industry. As innovation and 

research continue to enhance biopolymer 

properties and production processes, their cost 

and performance are expected to improve. 

Collaboration among fashion brands, researchers, 

and biopolymer manufacturers can accelerate 

progress, driving the integration of biopolymers 

into clothing and fashion practices. Overall, 

biopolymers hold significant potential to 

transform the fashion industry towards a more 

sustainable and environmentally responsible 

future. By addressing the challenges and 

capitalizing on the future prospects, the 

application of biopolymers in clothing and 

fashion can have far-reaching positive impacts. 

One of the key benefits of biopolymers is their 

contribution to reducing the fashion industry's 

environmental footprint. As biodegradable 

materials, they offer an alternative to 

conventional synthetic fibers, which can persist in 

the environment for hundreds of years. By 

choosing biopolymers, fashion brands can 

actively combat plastic pollution and demonstrate 

their commitment to sustainable practices. The 

adoption of biopolymers in clothing and fashion 

can foster a more circular economy. 

Biodegradable materials enable a natural end-of-

life cycle for products, as they can break down 

and return to the environment without leaving 

harmful residues. This aligns with the principles 

of a circular economy, where materials are 

designed to be reused, recycled, or returned to 

nature, reducing waste and resource depletion. 

Biopolymers also provide an opportunity for the 

fashion industry to promote transparency and eco-

conscious branding. Consumers are increasingly 

seeking authenticity and traceability in their 

fashion choices, and the use of biopolymers 

allows brands to showcase their commitment to 

sustainability. By communicating their choice of 

biodegradable and renewable materials, fashion 

brands can build trust with environmentally 

conscious consumers and differentiate themselves 

in a competitive market. 

8. Conclusion: The integration of biopolymers, 

biodegradable textiles, bio-based fibers, green 

coatings, biodegradable packaging, and 3D 

biopolymers in the clothing and fashion industry 

represents a transformative shift towards 

sustainability and ethical practices. These 

innovations address the environmental and social 

impacts of the fashion sector, reducing pollution, 

waste, and reliance on fossil fuels. Biodegradable 

textiles, such as PLA and PHA fibers, offer eco-

friendly alternatives to synthetic clothing fibers. 

While they currently face some challenges in 

terms of cost and performance, ongoing research 

and development are expected to improve their 

characteristics and promote a circular fashion 

industry. Bio-based fibers, like bamboo, hemp, 

and soy, provide sustainable alternatives that 

reduce the industry's dependence on finite 

resources. These fibers are renewable, 

biodegradable, and offer various benefits, 

including enhanced breathability and moisture-
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wicking properties. Eco-friendly coatings protect 

and improve fashion products while reducing 

harmful VOC emissions. These coatings extend 

the life of textiles, promoting a circular economy 

and reducing waste. Biodegradable packaging is 

gaining popularity as producers and consumers 

prioritize sustainability. Packaging made from 

biodegradable materials, such as cornflour or 

plant fibers, reduces landfill and ocean waste, 

supporting the fashion industry's move towards a 

greener future. Lastly, 3D biopolymers in fashion 

3D printing offer sustainable and customizable 

design options. Biopolymers made from 

renewable sources contribute to reducing 

environmental impact, and the technology allows 

for rapid prototyping and personalized clothing 

production. Despite some challenges, the growing 

demand for sustainable and ethical fashion is 

driving the advancement and adoption of these 

innovations. As technology improves and 

consumer awareness increases, these eco-friendly 

practices will become more widespread, fostering 

a fashion industry that respects ecological limits, 

promotes social fairness, and celebrates natural 

resources. Collaboration among stakeholders, 

including brands, manufacturers, governments, 

and consumers, is crucial to addressing 

scalability, cost, and traceability challenges to 

fully embrace these sustainable practices and 

create a more sustainable and ethical fashion 

ecosystem. 
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