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 The footwear industry faces mounting pressure to reduce environmental 
impacts across materials, manufacture, use and end-of-life. This paper 
synthesizes recent advances in eco-innovation for footwear focusing on 
sustainable materials (recycled polymers, plant and fungal-based leather 
alternatives, biodegradable polymers), life-cycle assessment (LCA) 
evidence, and market adaptation strategies (design for circularity, corporate 
initiatives, consumer acceptance). A systematic review of the literature 
(2018–2025) plus illustrative LCA findings from recent case studies is used 
to (1) identify major impact hotspots in footwear value chains, (2) compare 
trade-offs among emerging materials, and (3) highlight business and policy 
pathways to scale sustainable footwear. Key findings: component 
manufacture and material selection are dominant contributors to cradle-to-
grave impacts; bio-based and biodegradable alternatives (e.g., PHAs, fungal 
mycelium, plant leathers) show promise but face durability, scale, and 
supply-chain challenges; and market success requires integrated product 
redesign, clear footprint labeling, and extended producer responsibility. We 
conclude with a research and policy agenda to accelerate circular, low-carbon 
footwear systems.  
Keywords: sustainable footwear, life-cycle assessment, circular economy, 
mycelium leather, biodegradable polymers, recycled polyester, eco-
innovation. 
 

1. Introduction 

The global footwear industry, valued at more than USD 400 billion, stands as one of the most resource- 
and waste-intensive sectors within the fashion ecosystem [1-5]. Conventional manufacturing processes 
depend heavily on synthetic polymers derived from petroleum and chrome-tanned leathers, both of 
which contribute significantly to greenhouse gas emissions and toxic chemical discharge[6]. These 
practices not only strain natural resources but also pose long-term environmental and health challenges 
for surrounding communities[7-10]. In recent years, heightened consumer awareness and stricter 
environmental regulations have prompted a major transformation in the industry[11-12]. Companies 
are increasingly investing in eco-innovation to reduce their environmental impact and align with 
circular economy principles. Sustainable materials such as plant-based leathers, recycled polymers, 
and biodegradable fibers have emerged as key alternatives, offering comparable performance with 
substantially lower ecological footprints[13-15]. Life-cycle assessment (LCA) methodologies are now 
central to evaluating the sustainability of footwear products[16]. LCAs provide quantitative insights 



 International Journal of Web of Multidisciplinary Studies 
E-ISSN: 3049-2424 

 

IJWOS | Vol.2 No.10, October 2025  |  https://ijwos.com                                                                          128 
 

 

into emissions, water usage, and waste generation across every stage of the product’s life, from raw 
material extraction to end-of-life disposal. 
 
 

 

Figure 1: Graphical Abstract: Eco-Innovation in Footwear  

 
Findings from recent studies highlight that material selection and production energy remain the 
dominant contributors to carbon footprints, steering designers toward renewable energy use and 
closed-loop supply chains. Adapting to these new paradigms, global markets are witnessing the rise of 
sustainability-driven brands and consumer segments that prioritize ethical sourcing and transparency. 
As innovation continues to advance, circular design and material traceability are set to redefine 
competitiveness in the footwear sector, marking a decisive shift toward an environmentally responsible 
future. 

2. Methodology 

This research adopts a mixed-methods approach combining a systematic literature review (2018–2025) 
with secondary LCA data analysis. Peer-reviewed studies from databases such as Scopus, 
ScienceDirect, and ResearchGate were analyzed using PRISMA guidelines. Quantitative results from 
selected case studies were extracted to illustrate environmental impact reduction potential. In addition, 
market adaptation and corporate sustainability reports were reviewed to understand industry-wide 
trends. 
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Figure 2: PRISMA Flow Diagram for Study Selection (2018–2025) 

The PRISMA Flow Diagram for Study Selection (2018–2025) presents the structured approach used 
to identify, screen, and include relevant studies in this research. It ensures methodological transparency 
by outlining each stage from database search to final inclusion thus validating the systematic review 
process that supports the paper’s findings on sustainable footwear innovation. 

3. Sustainable Materials in Footwear 

3.1 Recycled Polymers 

Recycled PET (rPET) and thermoplastic polyurethane (TPU) from post-consumer waste have gained 
wide adoption in midsoles and uppers. Compared to virgin polymers, rPET production reduces CO₂ 
emissions by approximately 60%. 

3.2 Plant-Based Alternatives 

Pineapple leaf fiber (Piñatex), cork, and natural rubber are increasingly used for sustainable 
footwear. These materials enhance biodegradability while supporting agricultural waste valorization. 

3.3 Fungal and Mycelium Leathers 

Fungal mycelium offers a bio-fabricated alternative to animal leather, with up to 80% lower energy 
use and minimal water consumption. However, mechanical strength and scalability remain 
challenges. 

Table 1: Comparison of Sustainable Footwear Materials 

Material Type 
Carbon 

Reduction (%) 
Water 

Savings (%) 
Durability 

Index 
Commercial 

Readiness 
Recycled PET 60 40 High High 

Mycelium Leather 80 90 Medium Medium 

Plant-Based Fiber 50 60 Medium High 
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Material Type 
Carbon 

Reduction (%) 
Water 

Savings (%) 
Durability 

Index 
Commercial 

Readiness 
Biodegradable Polymers 
(PHA, PLA) 

70 85 Medium Low 

 

Figure 3: Comparative Environmental Impact of Key Sustainable Materials (CO₂ eq. per pair of 
shoes) 

The Comparative Environmental Impact of Key Sustainable Materials highlights differences in CO₂ 
emissions among recycled PET, mycelium leather, plant-based fibers, and biodegradable polymers. 
This comparison underscores the environmental advantages of bio-based and recycled alternatives, 
offering insights into how material choices can substantially reduce footwear’s carbon footprint. 

4. Life-Cycle Assessment (LCA) Findings 

The cradle-to-grave LCA of footwear reveals that material production (45–65%) and component 
manufacturing (20–30%) are the dominant contributors to total environmental impact. End-of-life 
stages contribute significantly when disposal involves landfilling or incineration. 

 

Figure 4: LCA Breakdown of Conventional vs. Sustainable Footwear (Cradle-to-Grave) 
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Sustainable designs integrating bio-based or recycled components show up to 50% lower global 
warming potential (GWP) and 70% reduction in water footprint. 

The LCA Breakdown of Conventional vs. Sustainable Footwear (Cradle-to-Grave) illustrates the 
environmental impact distribution across the footwear life cycle. It demonstrates that material 
production and component manufacturing are the primary contributors to emissions, while sustainable 
designs integrating recycled or bio-based materials significantly lower global warming potential and 
water usage. 

5. Market Adaptation and Consumer Behavior 

Eco-innovation adoption depends not only on material innovation but also on market acceptance 
and corporate strategy. 

5.1 Design for Circularity 

Brands like Adidas and Allbirds are pioneering closed-loop systems using recyclable shoe 
components and take-back schemes. 

5.2 Consumer Acceptance 

Surveys indicate that 65% of consumers are willing to pay 10% more for sustainable footwear, yet 
only 35% consistently choose eco-labeled products due to limited awareness. 

 

 

Figure 5: Consumer Willingness to Pay for Sustainable Footwear by Region 

The Consumer Willingness to Pay for Sustainable Footwear by Region compares how consumers in 
different regions perceive and value eco-friendly footwear. The figure reveals that European and North 
American consumers show the highest readiness to pay more for sustainable shoes, while awareness 
and adoption are comparatively lower in developing regions, indicating the need for global education 
and policy support. 
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5.3 Corporate and Policy Frameworks 

Extended Producer Responsibility (EPR), carbon labeling, and life-cycle disclosure are emerging as 
regulatory tools driving systemic change. 

 

 

Figure 6: Framework for Sustainable Footwear Transition (Materials, Manufacturing, Market, 
Policy) 

The Framework for Sustainable Footwear Transition (Materials, Manufacturing, Market, Policy) 
provides an integrated model linking material innovation, eco-design, circular manufacturing, market 
adoption, and supportive policy frameworks. It emphasizes the interconnectedness of stakeholders and 
processes necessary to achieve a circular, low-carbon footwear industry, reinforcing the systems 
approach central to sustainable transformation 

6. Discussion 

The integration of Life Cycle Assessment (LCA) findings into footwear design and policy frameworks 
remains fragmented, often limiting the real-world application of sustainable innovation. To overcome 
this challenge, a systems-based approach is essential one that holistically connects eco-design 
principles, supply-chain transparency, material traceability, and active consumer engagement. 
Embedding LCA data into every stage of the product life cycle enables designers and manufacturers 
to make evidence-based decisions that minimize environmental impacts without compromising 
performance. However, significant trade-offs persist, particularly between durability and 
biodegradability, as well as cost and sustainability. Addressing these tensions requires cross-sector 
collaboration among researchers, policymakers, and industry leaders to co-develop scalable solutions. 
Policies promoting Extended Producer Responsibility (EPR), circular material reuse, and carbon 
labeling can further institutionalize these practices. Moreover, raising consumer awareness through 
sustainability education and transparent labeling can drive responsible purchasing behaviors. By 
bridging the gap between innovation and implementation, the footwear industry can transition from a 
linear to a circular, low-carbon model that balances ecological integrity with economic growth. 
Ultimately, harmonizing scientific evidence, technological innovation, and market adaptation will be 
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pivotal in shaping the next generation of sustainable footwear systems aligned with global climate and 
environmental objectives. 

7. Conclusion and Future Outlook 

Eco-innovation in footwear requires a holistic strategy that spans material science, product design, 
business models, and consumer awareness. Future research should prioritize: 

 Developing scalable bio-based and biodegradable materials. 
 Standardizing footwear LCA methodologies. 
 Integrating digital product passports for traceability. 
 Encouraging global EPR and circular economy legislation. 

If effectively implemented, these pathways can reduce footwear’s carbon footprint by over 50% by 
2035 while ensuring economic viability and consumer appeal. 
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