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Bio-Threaded: The Future of Living Supply Chains 

Bindushree T M1 

ABSTRACT 

As the global textile industry faces unprecedented pressure to reduce carbon emissions and 

eliminate waste, the "Grow-Made" paradigm emerges as a transformative framework for 

industrial sustainability. Unlike traditional linear or standard circular models that depend 

heavily on synthetic recycling, this research proposes “Bio-threaded Supply Chains: a strategic 

integration of living systems” — specifically fungi, bacteria, and algae — directly into the 

textile manufacturing loop. 

This article outlines a multi-scalar framework where materials are not merely manufactured 

but actively cultivated within a circular logic. We analyse the critical transition from extractive 

resource management to regenerative bio-fabrication, emphasizing how biological growth 

cycles can be synchronized with industrial production timelines. By utilizing regional 

agricultural waste as feedstock for microbial synthesis, the "Bio-threaded" model operates as 

a true closed-loop system; the end-of-life stage of one biological material serves directly as the 

nutrient input for the next production cycle. 

Finally, this study addresses the commercial viability of these systems by identifying key 

logistical and operational barriers—specifically scalability, yield predictability, and biological 

standardization. To bridge the gap between lab-scale innovation and industrial application, we 

propose a strategic roadmap for brands seeking to transition away from chemical-heavy 

processing and toward living, regenerative supply networks that restore ecosystems rather than 

deplete them. 
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1. INTRODUCTION 

The Problem: The "Dead-End" Supply Chain  

The prevailing "Take–Make–Waste" model of the fashion industry relies on extracting virgin 

resources, converting them into textiles through energy- and chemical-intensive processes, and 

disposing of them at the end of their life cycle. Although recycling extends the usability of 

textiles, conventional recycling typically degrades fibre quality over successive cycles, limiting 

circularity and ultimately leading to landfill or incineration. 

The "Bio-threaded" Framework addresses three main failures: 

1. The Quality Drop: Most clothes can only be recycled and reused a few times before 

the fibres lose their strength. We need a system where this stage of a garment actually 

feeds the "beginning" of the next production without losing the strength. 

2. Chemical Dependency: One of the most polluting sectors on Earth, is proven to be the 

Textile sector, as we are still using Traditional textile dyeing and finishing methods 

from the19th-century to solve 21st-century sustainability problems. 

3. The Timing Gap: Nature moves in cycles (seasons), but factories move in straight, 

high-speed lines. There is no strategic link between how a plant grows and how a 

factory operates. 

Hence, the Bio-threaded approach proposes a "Living" supply chain—where materials can 

be grown using fungi or bacteria which can be naturally "re-grown" forever, effectively deleting 

the concept of waste. 

2. LITERATURE REVIEW 

 
The Foundation of Bio-threaded Chains 

2.1 Bio-threaded Fashion: Transitioning the Textile Industry from Linear Degradation to 

Regenerative Bio-fabrication 

The contemporary global fashion industry operates on an extractive, environmentally 

degrading trajectory. Globally, the textile market is restricted by a highly inefficient structural 

loop, wherein a massive volume of apparel resources is extracted, processed using resource-

heavy mechanics, and ultimately discarded. Within this landscape, the processing of apparel 

relies extensively on synthetic, fossil-fuel-derived polymers and toxic water-based synthetic 

colouring agents that heavily pollute regional water supplies. 
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To counter this environmental degradation, sustainable design frameworks must expand past 

conventional, passive methods of preservation. True sustainability demands an industrial 

transition toward true ecological regeneration—meaning that corporate business models must 

actively facilitate environmental healing and return nutrients beneficially back into global 

ecosystems. 

The first section addresses the core operational hazards of the modern textile industry: 

structural linear models and intense chemical dependencies. The second section evaluates the 

mechanical science behind bio-fabrication, shifting manufacturing methodologies from 

energy-intensive weaving toward structural bio-culturing (Benyus, 2024). The third section 

analyses the logistical parameters of this movement, showcasing data regarding biological 

growth timelines and decentralized urban manufacturing labs. We conclude by examining 

empirical life cycle data confirming that bio-fabricated textiles act as highly nutritious soil 

compost, achieving true net-positive environmental regeneration.  

2.2 Linear Ruts and Chemical Dependencies in Contemporary Textiles 

The most significant barrier to sustainability within the standard apparel landscape is the 

structural persistence of a linear manufacturing lifecycle. Current operational metrics indicate 

that the global textile production complex remains trapped in a "linear" rut where less than 1% 

of post-consumer garments are successfully recycled into new products (Ellen MacArthur 

Foundation, 2017/2023). This systemic failure regularly forces thousands of tons of high-

performance materials into municipal landfills or local waste incinerators, permanently 

releasing microplastics and fossil-fuel elements into surrounding natural habitats, creating an 

urgent need for a "Bio-threaded" system to stop materials from ending up as pollutants (Ellen 

MacArthur Foundation, 2017/2023). 

Beyond the physical waste volume, the apparel sector is restricted by an intense dependency 

on highly toxic synthetic chemical processing agents. Traditional garment colour applications 

demand vast reserves of fresh water mixed with complex, toxic synthetic dyes. This reliance 

results in millions of gallons of contaminated wastewater being dumped into local rivers and 

ecosystems, poisoning aquatic wildlife and destroying foundational drinking supplies. 

Consequently, constructing a scalable alternative requires more than small, incremental 

changes to traditional supply chains; it demands a complete strategic transition toward a closed-

loop, bio-synthetic architecture that eliminates harmful pollutants at the cellular level by using 

living bacteria to secrete colours directly into fabric (Svensson & Jönsson, 2025). 
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2.3 The Science of Bio-Fabrication: Growing Materials to Shape 

A foundational solution to industrial material extraction is found within the tenets of 

biomimicry, which studies nature’s biological systems to copy high-strength, low-energy 

structural designs (Benyus, 2024). In natural ecosystems, organisms routinely synthesize 

incredibly strong, resilient fibres—such as natural spider silk—using ambient temperatures and 

zero hazardous synthetic inputs or high heat (Benyus, 2024). Translating this natural efficiency 

to commercial production requires a profound change in design philosophy: humans must 

abandon the traditional industrial practice of forcefully cutting or pressing raw matter into 

shapes, and instead learn to adopt a "Growing Design" approach by co-operating 

collaboratively with living, growing organisms (Camere & Karana, 2018).  

This cooperative paradigm manifests directly through the process of biological fabrication. 

Rather than relying on traditional agricultural farming or petroleum extraction to harvest base 

threads, material engineers can now cultivate high-performance textile matrices within 

laboratory environments using bio-fabrication (Lee, 2021). Specifically, by utilizing 

specialized bacterial strains, manufacturers can literally "brew" structural sheets of bio-

fabricated textiles inside a lab or factory setting, completely bypassing the traditional need to 

weave or knit everything (Lee, 2021). 

Simultaneously, biological alternatives like fungal mycelium can successfully substitute for 

fossil-fuel plastics and animal leathers (Congdon et al., 2020). Because fungal mycelium grows 

directly on organic agricultural farm waste byproducts, it effectively turns "trash" into 

"textiles," creating a localized, living supply loop (Congdon et al., 2020). 

2.4 Scaling the Living Supply Chain: Logistics, Speed, and System Strategy 

Critics of biological manufacturing frequently argue that organic growth cycles are inherently 

too slow to keep pace with the hyper-accelerated timelines of contemporary consumer retail 

markets. However, empirical growth testing definitively solves this perceived "Timing Gap" 

problem (Dahmen, 2017/2024). Under optimized climate parameters, mycelium-based 

composites reliably complete their macro-structural growth cycles within a brief 5-to-7-day 

period (Dahmen, 2017/2024). This accelerated timeline provides concrete data proving that 

biological material cultivation can successfully keep up in real time with the rapid supply 

demands and production cycles of the modern commercial fashion market (Dahmen, 

2017/2024). 
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To fully harness this rapid biological growth, the centralized, transcontinental shipping systems 

of the past must be replaced by a localized "Living Supply Chain" (Borghei & Linnanen, 2025). 

By embedding high-tech cellular factories directly inside urban manufacturing hubs, consumer 

apparel can be grown locally inside small city labs rather than being shipped across global 

oceanic trade routes (Borghei & Linnanen, 2025). This decentralized structure eliminates the 

massive carbon footprint associated with global freight transport and radically restructures 

production logistics. To execute this model, corporate fashion enterprises must shift their 

primary market focus from science to strategy: brands must stop acting merely as sellers of 

disposable physical products (like "shirts") and instead become strategic managers of 

continuous "material life cycles" (Vezzoli et al., 2024). 

2.5 Achieving Net-Positive Environmental Regeneration 

The final objective of the bio-threaded framework is to push commercial enterprises beyond 

the baseline of simply "not polluting" into active environmental "Regeneration" (Hahn & 

Tampe, 2021). For decades, corporate sustainability models focused strictly on reducing 

pollution or conserving water. However, a truly regenerative paradigm demands that businesses 

intentionally utilize raw organic inputs that actively help the planet recover by using materials 

that give back to the soil (Hahn & Tampe, 2021). 

This regenerative goal is supported by extensive empirical data. Comprehensive comparative 

life cycle assessments (LCAs) confirm that bio-fabricated textiles perform drastically better 

than petroleum-based synthetics across major ecological indicators, providing hard evidence 

for the framework (Life Cycle Initiative, 2025). Furthermore, these advanced bio-fabricated 

alternatives do not simply decay into inert waste at the end of their useful lifecycles. Instead of 

just rotting, they break down cleanly to act as high-quality compost that actively improves and 

enriches regional soil quality, providing clear, data-driven proof of a truly circular, net-positive 

textile economy (Life Cycle Initiative, 2025). 
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3. METHODOLOGY  

To translate the "Bio-Threaded" supply chain from a conceptual theory into an operational 

reality, this study utilizes an integrated, multi-phase research design. Given that this paper 

addresses both technical bio-fabrication loops and macro-level supply chain logistics, a 

singular approach is insufficient. Therefore, this study adopts a mixed-methods approach 

combining Exploratory Research, Experimental Lab Design, and Applied Supply Chain 

Logistics Modelling.  

This comprehensive structure bridges industrial system architecture, molecular bio-fabrication, 

and circular supply networks to resolve the critical "Dead-End" loop of traditional 

manufacturing.  

3.1. Input Mapping & Feedstock Analysis (Exploratory Research) 

The initial phase employs exploratory research methodologies to investigate unmapped 

industrial waste-stream collection networks and secure a reliable, non-commodity-dependent 

material feedstock.  

• Waste Stream Mapping: Regional exploratory mapping is conceptually conducted to 

locate local food and beverage production facilities. Industrial food byproducts—

specifically high-sugar extraction processing waste, agricultural plant husks, and fruit 

peels—are catalogued as potential biological resources.  

• Feedstock Standardization: The exploratory model evaluates how these collected 

organic waste streams can be filtered, chemically balanced for optimal pH, and 

sterilized to create a standardized nutrient broth (feedstock) capable of sustaining 

microbial growth.  

• Methodological Inference: This exploratory phase is grounded in the literature 

inference that traditional textile processing relies on an extractive, linear manufacturing 

lifecycle where less than 1% of post-consumer garments are successfully recycled 

(Ellen MacArthur Foundation, 2017/2023). This establishes the baseline inference that 

incremental circular improvements are insufficient; an entirely "Bio-threaded" system 

utilizing local waste streams as input is required to stop materials from becoming 

persistent environmental pollutants (Ellen MacArthur Foundation, 2017/2023).  
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3.2. Bio-Synthesis & Cultivation Metrics (Experimental Lab Design) 

The second phase transitions into an experimental laboratory design to test the physical growth 

speed, environmental variables, and structural consistency of biological components.  

• Microbe Inoculation: Under controlled experimental conditions, the prepared circular 

feedstock is introduced to specific biological culture groups. Acetobacter strains are 

evaluated for micro-scale molecular weaving, while Pleurotus (mycelium) networks 

are tested to develop thicker, durable leather and plastic alternatives.  

• "Grow-to-Fit" Mold Architecture: To experimentally eliminate the standard 15% 

cutting waste found in traditional factories, the method proposes custom 3D garment 

moulds where microbes are grown directly inside specialized 3D spaces to shape the 

precise structure of the end-use product.  

• Climate Control Experiments: Cultivation parameters are analysed based on growth 

inside environmentally managed chambers kept at standard room temperature over a 

strict 5-to-7-day window to record physical density and structural fibre strength.  

• Methodological Inference: The experimental parameters are derived from the 

literature inference that true ecological innovation requires moving away from 

traditional industrial practices that forcefully cut or press raw matter into shapes 

(Camere & Karana, 2018). Instead, designers must adopt a "Growing Design" approach 

by co-operating collaboratively with living organisms (Camere & Karana, 2018). 

Furthermore, empirical data from the literature resolves the timeline gap inference, 

demonstrating that mycelium-based composites complete their growth cycles within 5-

to-7 days, proving that biological cultivation can keep up in real time with modern 

fashion retail cycles (Dahmen, 2017/2024).  

3.3. Biological Finishing & Application (Experimental Lab Design) 

This stage experimentally explores replacing toxic 19th-century chemical-heavy dyeing 

methods with zero-chemical biological finishes.  
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• In-Vivo Pigment Secretion: Live microbial colouring agents are mixed into the liquid 

vat during the active growth phase, allowing bacteria to secrete natural pigments 

directly into the forming material matrix, removing the need for high-volume fresh 

water processing.  

• Non-Toxic Bio-Tanning: Mycelium sheets undergo structural softening treatments 

using natural plant tannins and biological enzymes, exploring the replacement of 

hazardous industrial chemicals like Chromium to maintain a safe production loop for 

factory workers.  

• Methodological Inference: This exploratory stage draws from the literature inference 

that biological manufacturing processes must achieve total "Submersion" or 

"Symbiosis" where living systems execute industrial tasks natively (Svensson & 

Jönsson, 2025). By replacing chemical inputs with microbial pigment secretions and 

organic enzymes, the design validates the theoretical inference that nature creates high-

strength fibres without toxic chemicals or high heat (Benyus, 2024).  

3.4. End-of-Life & Nutrient Tracking (Applied Logistics Modelling) 

This phase utilizes supply chain logistics modelling to evaluate the "Soil-to-Soil" reverse 

logistics network required for material decomposition and reintegration.  

• Biological Disassembly Testing: Finished garments are evaluated for potential 

placement in managed home and industrial composting setups to determine total bio-

degradability pathways.  
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• Soil Enrichment Analysis: The logistics framework traces how decomposing material 

matter breaks down cleanly into a nitrogen-rich fertilizer, modelling the distribution 

infrastructure needed to feed this organic byproduct back into local farming networks 

to nourish the next cycle of agricultural feedstock crops.  

• Methodological Inference: The structural loop of this phase is supported by two 

critical inferences from literature. First, business models must move beyond a mandate 

of just "not polluting" and transition toward active "Regeneration," meaning the 

framework actively helps the planet recover by using materials that give back to the 

soil (Hahn & Tampe, 2021). Second, comprehensive life cycle assessments (LCAs) 

provide empirical validation that bio-fabricated textiles do not just rot; they act as high-

quality compost that improves soil health, proving the regenerative point (Life Cycle 

Initiative, 2025).  

3.5. Logistical System Inferences & Operational Evaluation 

To successfully evaluate the implementation of bio-fabrication, this mixed methodology 

integrates core literature inferences regarding supply chain logistics and corporate identity 

(Borghei & Linnanen, 2025; Vezzoli et al., 2024).  

By shifting apparel manufacturing from centralized transcontinental shipping to decentralized, 

urban micro-laboratories, brands can execute a "Living Supply Chain" (Borghei & Linnanen, 

2025). Consequently, the strategic evaluation paradigm shifts from science to corporate 

strategy: brands must stop acting merely as sellers of disposable physical products and instead 

become strategic managers of continuous material life cycles (Vezzoli et al., 2024).  

Research 

Evaluation 

Parameter 

Operational Protocol 

Used 

Primary Metric 

Measured 

Supporting Literature 

Inference 

Scalability Gap 

Testing 

Running sample growth 

across varying vat sizes 

(from 10-liter lab 

containers to large-scale 

fermentation tanks).  

Total volume output 

compared to 

traditional textile 

mill production.  

Investigating the bridge 

between small lab 

experiments and global 

mass-market launches.  

Biological 

Standardization 

Comparing fibre 

thicknesses and 

colouration variations 

across separate 

cultivation batches.  

Material deviation 

rates relative to 

commercial retail 

standards.  

Addressing how 

unpredictable biological 

growth cycles can be 

engineered to meet retail 

consistency requirements.  
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Digital 

Transparency 

Embedding a unique 

digital identifier into the 

vat formula during 

growth. 

Integrity and 

completeness of the 

ledger record for 

consumer 

verification.   

Validating consumer trust 

by using controlled vat 

cultures to provide an 

absolute digital record of 

fabric inputs. 

Material 

Performance 

Testing fabric resistance 

to bacterial growth and 

tracking surface 

temperature retention.  

Antibacterial self-

sanitization rates and 

cooling efficiency.  

Exploring biological 

features that allow 

materials to naturally kill 

odour-causing bacteria or 

regulate temperature.  

 

4. THE BIO-THREADED STRATEGIC FRAMEWORK 

4.1. Phase 1: Substrate Symbiosis (The Input) 

In the existing traditional textile plants, raw cotton or polyester is procured. In this framework, 

local waste streams are identified to act as food for manufacturing textiles. 

• The Logic: Partnering with local food or juice industries. Their waste (sugar, fruit peels, 

or agricultural husks) becomes the feedstock for growing microbes. 

• This creates a Circular Feedstock that is immune to global commodity price spikes. 

Here raw materials are not bought, instead the waste problem of another industry is 

being solved. 

4.2. Phase 2: Bio-Synthesis & Cultivation (The Making) 

• The Process: Microbes like Acetobacter (for cellulose production) or Pleurotus (for 

mycelium) are introduced to the waste. They "weave" the material at a molecular level 

in 5–7 days. 

• The "Grow-to-Fit" Innovation: Instead of weaving large sheets of fabric and cutting 

them (which creates 15% waste), the microbes are grown in 3D moulds of the specific 

garment structure/design.  

• Environmental Edge: This happens at room temperature, eliminating the energy needed 

for traditional textile kilns and ovens. 

4.3. Phase 3: Living Finishing (The Processing) 

Traditional dyeing is the most polluting part of textile sector, as it uses some toxic chemicals. 

The Bio-threaded framework uses Biological Finishing. 
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• Self-Pigmenting: Using the Svensson & Jönsson (2025) logic, bacteria are engineered 

to produce colours naturally during the growth phase. 

• Bio-Tanning: For leather alternatives, natural plant tannins or fungal enzymes are used 

to soften the material, replacing toxic chemicals like Chromium. 

• Result: A "Zero-Chemical" garment that is safe for the skin and the factory workers. 

4.4. Phase 4: The Nutrient Loop (The End-of-Life) 

• Biological Disassembly: Because the garment was grown, not glued together with 

plastics, it is 100% compostable even in home.  

• The "Soil-to-Soil" Strategy: At the end of its life, the consumer returns the garment to 

a composting facility. It breaks down into nitrogen-rich fertilizer, which can then be 

used to grow the next round of agricultural feedstocks. 

5. STRATEGIC ADVANTAGES  

• Supply Chain Safety - Instead of waiting for ships from overseas, materials can be 

grown locally using neighbourhood waste.  

• Cost Savings - Traditional factories use massive amounts of electricity. Living systems 

grow at room temperature, thereby saving up on energy and produce zero cutting waste, 

as the exact shape needed can be grown.  

• Future-Proofing - New laws in 2026 are banning plastic-based clothes. Since these 

materials being grown are 100% biological and plastic-free, it is more sustainable. 

• Better Products - Biology helps do things like making fabric that naturally kills bacteria 

(no smell) or stays naturally cooler. Premium price can be charged for a high-

performance, living product that competitors can't copy. 

• Total Transparency - In 2026, consumers don't trust sustainability labels without proof. 

Since the material is grown in a controlled lab/vat, every fibre has a perfect digital 

record, which makes it easy to prove exactly what went into it, making the brand the 

most trustworthy in the market. 

• Asset-Light Expansion - Traditional textile mills require multi-million-dollar 

machinery and massive land. "Bio-factories" (vats and fermentation tanks) are modular, 

lowering the financial risk for a startup. 

• Faster Innovation Cycles – In a traditional chemical dye or fabric blend industries, a 

small change takes months of factory re-tooling. In a living system, changing the whole 
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product is as simple as changing the recipe for the growth of microbes or replacing a 

different microbe strain. Hence, changing product lines would just take weeks and not 

years.  

• Creating a "Closed-Loop" Ecosystem - Instead of just selling a shirt, a subscription can 

be offered where the customer returns the old "grown” shirt to be composted into "food" 

for their next one. This creates customer loyalty, making them a part of your biological 

cycle. 

6. CHALLENGES: THE BARRIERS TO "BIO-THREADED" SUCCESS 

• The Scalability Gap – For instance, growing 10 jackets in a lab is easy; growing 10 

million for a global launch is hard. Currently there aren’t enough "bio-manufacturing" 

facilities (large-scale fermentation vats) to compete with the massive output of 

traditional textile mills. 

• Standardization vs. Biology - Nature being unpredictable might create difficult 

situations when growing the textiles, like one batch of mycelium might grow slightly 

thicker or a different shade than the last. Fashion brands demand perfect consistency. 

Ensuring every "grown" garment matches and meets exact retail standards is a major 

technical hurdle. 

• Consumer Perception - Some customers might be hesitant to wear "living" materials or 

items grown from bacteria and fungi, which would make it a hurdle for the marketing 

team, to convince the customers that it is a premium product and not just a mere lab 

experiment.   

• The Price Premium - Until economies of scale is reached, these products will remain in 

the luxury price bracket, making them hard to sell to the mass market. 

7. IMPLICATIONS FOR FUTURE RESEARCH 

The conceptualization of the "Bio-threaded" framework via exploratory research opens several 

distinct avenues for future empirical, technical, and strategic investigation. Future academic 

and industrial research should focus on the following core domains:  
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7.1. Empirical Scaling and Bioreactor Optimization 

While exploratory research confirms that bench-scale biological cultivation can generate high-

strength matrices within a 5-to-7-day window, moving from small lab containers to global mass 

production remains an unmapped frontier.  

• Vat Dynamics: Future research needs to investigate the fluid dynamics, nutrient 

distribution, and aeration mechanics within large-scale modular fermentation vats (e.g., 

10,000+ liters).  

• Yield Kinetics: Studies must establish empirical growth models to optimize yield 

consistency when scaling up, ensuring that mass-cultivated fibres maintain uniform 

density, tensile strength, and structural integrity across continuous industrial batches.  

7.2. Genetic Engineering for Advanced Material Functionality 

The integration of specialized microbial strains highlights the potential for biological systems 

to execute industrial finishing natively. Future research should dive deeper into the molecular 

synthesis of functional textiles:  

• Self-Pigmentation Yields: Building on bio-pigment secretion mechanics, research is 

needed to genetically stabilize bacterial strains so they can express a wider, more 

vibrant spectrum of commercially viable colours that do not fade over time or light 

exposure.  

• Smart Bio-Textiles: Future studies should explore the genetic modification of 

Acetobacter or Pleurotus cultures to natively express premium, high-performance 

traits—such as permanent, non-leaching antimicrobial properties, enhanced flame 

retardancy, and adaptive moisture-wicking structures—directly at the cellular level.  

7.3. Standardization and Quality Assurance Protocols 

A major hurdle identified in exploratory research is the natural variance and unpredictability 

inherent to living biological organisms, which conflicts with retail demands for exact product 

consistency.  

• Defect Mapping: Future research must establish standardized quality control metrics, 

automated grading systems, and tolerance thresholds specifically tailored for bio-

fabricated materials. 
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• Environmental Stability: Comprehensive testing is required to evaluate how grown 

garments perform under varied real-world consumer conditions, analyzing long-term 

structural durability against repeated washing, tensile strain, shelf-life degradation, and 

varying climate humidity levels prior to intentional composting.  

7.4. Substrate Symbiosis and Life Cycle Assessment (LCA) Expansion 

The "Grow-Made" paradigm relies on cross-industry waste-stream mapping to fuel microbial 

synthesis.  

• Feedstock Variable Matrix: Future empirical research should create a comprehensive 

matrix evaluating how different regional waste feedstocks (e.g., varying sugar profiles 

from fruit processing vs. lignocellulosic agricultural husks) alter the growth speed, fibre 

yield, and physical characteristics of the resulting material.  

• End-of-Life Field Trials: While initial data confirms the compostable nature of these 

materials, longitudinal field studies are required to measure the exact rate of soil 

degradation across diverse soil biomes (e.g., home compost vs. industrial facilities) and 

quantify the precise nutritional impact on subsequent agricultural crop yields to fully 

validate the "Soil-to-Soil" model.  

7.5. Circular Business Models and Consumer Behavioral Science 

Transitioning from a linear system to a living network requires restructuring commercial 

relationships and consumer mindsets.  

• Product-Service System (PSS) Logistics: Future strategic research should design and 

simulate subscription-based business frameworks where brands manage the continuous 

material life cycle, evaluating the logistical reverse-supply chains needed to collect, 

sanitize, and route post-consumer garments back into regional composting hubs.  

• Overcoming the "Yuck Factor": Behavioral research is required to evaluate consumer 

psychology regarding "living" or bacteria-grown apparel, identifying effective 

marketing strategies, sensory messaging, and transparency frameworks necessary to 

successfully position lab-grown biological textiles as premium, safe, luxury items.  
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8. CONCLUSION 

The "Bio-Threaded" paradigm signifies a major change in the way humans engage with the 

process of production.  By transitioning from a "Dead-End" supply chain to a Living System, 

we can address the textile industry's most significant issue: the imbalance between industrial 

waste and biological health.  

This study shows that incorporating living organisms into the supply chain goes beyond 

environmental considerations; it is a crucial business strategy.  The brands that will thrive in 

2026 and in the years to come are those that shift from taking resources from the Earth to 

working in harmony with it, fostering growth and sustainability.  The future of fashion is not 

made through traditional manufacturing processes; instead, it is cultivated through natural 

growth methods.  
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