
 

International Journal of Web of Multidisciplinary Studies 
( Peer-Reviewed, Open Access, Fully Refereed International Journal ) 

website: https://ijwos.com 
Volume 3 Issue 9, September 2026 

E-ISSN : 3049-2424                   
DOI: https://doi.org/10.71366/ijwos 

 

 

IJWOS | Volume 3 Issue 9, September 2026 | https://ijwos.com                                            
Copyright © 2025 The Author(s) : This is an open access article under the CC BY license  (http://creativecommons.org/licenses/by-nc/4.0/)                                                                       

242 
 

 

Transformative Approach of Artificial Intelligence-Enabled Sustainable Material, Design 
and Customer requirement for Footwear 

 

Kaveri Kaushik1 

1  Student, Bachelor of Design in Footwear Design and Production, Footwear Design and Development Institute 
(FDDI), A-10/A, Sector - 24, Noida, Uttar Pradesh-201301, India. 

 

Article Info  Abstract: 
 
Article History:  
 
Published: 14 Sept 2026  
 

Publication Issue:  
Volume 3, Issue 9  
September-2026  
 

Page Number:   
242-248 
 

Corresponding Author:   
Kaveri Kaushik 

 Artificial Intelligence is increasingly influencing the development of innovative 
design and manufacturing strategies in the footwear sector. Recent advances in 
machine learning, generative design, computer vision, predictive analytics, and data-
driven modeling have created new possibilities for enhancing footwear development 
from conceptualization and design to manufacturing, marketing, and consumer-
oriented services. This review examines the application of Artificial Intelligence in 
conventional, customized, and sustainable footwear material and design, with 
emphasis on its potential to improve design efficiency, product personalization, 
functional performance, material utilization, and environmental sustainability. The 
review further explores the role of Artificial Intelligence in optimization as well as 
selection material for manufacturing, designing and customer requirement for 
footwear. The advantages and emerging opportunities of Artificial Intelligence-
enabled footwear development are discussed alongside key challenges related to data 
availability, computational requirements, design validation, technological integration, 
and sustainability assessment. Overall, Artificial Intelligence represents a promising 
technological pathway for integrating digital innovation with sustainable footwear 
development and may contribute to the transition towards more personalized, 
resource-efficient, and environmentally responsible footwear production systems. 
Keywords: Artificial Intelligence, Lifecycle of footwear, Key factors, Sustainability, 
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1. Introduction 

Artificial Intelligence (AI) has emerged as a rapidly advancing field of computational science and an increasingly 
important enabling technology across diverse sectors of human activity. Recent developments in machine learning, 
deep learning, computer vision, generative algorithms, predictive analytics, and data-driven modelling have expanded 
the application of AI beyond conventional computational tasks to complex processes involving design, decision-
making, optimization, and automation [1-4]. The footwear industry is among the sectors experiencing increasing 
integration of AI technologies, particularly in product research and development, design, manufacturing, marketing, 
supply-chain management, and customer-oriented services [5-8]. 

The application of AI in footwear development provides opportunities to transform conventional design practices into 
data-driven and computationally assisted processes. AI-based systems can analyze large and heterogeneous datasets, 
identify design and consumer preference patterns, generate alternative design concepts, predict product performance, 
and support decision-making through automated or semi-automated processes. Such capabilities can contribute to 
improvements in design efficiency, product development time, manufacturing productivity, cost optimization, product 
quality, and consumer personalization. In particular, AI-enabled approaches can facilitate the development of 
customized footwear by integrating information related to individual foot morphology, anthropometric characteristics, 
biomechanical requirements, functional preferences, and consumer-specific design attributes [5-7]. 
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The relevance of AI is further increasing in the context of sustainable footwear development. The footwear life cycle 
involves multiple stages, including raw-material selection, product design and development, component 
manufacturing, assembly, distribution, consumption, and end-of-life management. Decisions taken during the early 
design stage can significantly influence material consumption, manufacturing processes, product durability, waste 
generation, recyclability, and overall environmental performance. AI can potentially support these decisions through 
computational design optimization, material selection, virtual prototyping, demand prediction, manufacturing-process 
optimization, and data-driven assessment of resource utilization. Consequently, the integration of AI with sustainable 
design principles may provide new pathways for reducing material waste, improving resource efficiency, extending 
product life, and supporting circular approaches to footwear development [2, 6-8]. 

AI applications are also being explored across different stages of footwear manufacturing, where intelligent systems 
can support process monitoring, quality inspection, defect identification, production planning, predictive maintenance, 
and process optimization. The integration of AI with digital manufacturing technologies may therefore contribute to 
a more connected and responsive footwear production system. However, the extent and effectiveness of AI integration 
depend on factors such as data quality and availability, algorithmic reliability, technological infrastructure, 
computational requirements, interoperability with existing manufacturing systems, and the availability of appropriate 
domain-specific expertise. 

In this context, the present paper provides a comprehensive examination of the applications of AI in footwear design 
and manufacturing, encompassing conventional, customized, and sustainable footwear products [2,4]. Particular 
emphasis is placed on the role of AI throughout the footwear product life cycle, from research and development and 
conceptual design to material selection, product development, manufacturing, marketing, consumer services, and end-
of-life considerations [3, 11-13]. The paper further discusses the potential contribution of AI to sustainable footwear 
design, including opportunities for material and process optimization, waste reduction, resource efficiency, product 
personalization, and circular product development. The major advantages, emerging applications, technological 
opportunities, and associated challenges of AI-based footwear development are also critically examined. Through this 
integrated perspective, the paper aims to elucidate how AI can support the transition from conventional footwear 
development towards more intelligent, efficient, customized, and environmentally sustainable design and 
manufacturing systems. 

2. Life Cycle of a Footwear Product 

The life cycle of a typical footwear product encompasses a sequence of interconnected stages, beginning with the 
extraction and processing of raw materials and extending through material conversion, footwear manufacturing, 
distribution and use, and ultimately disposal or end-of-life management, as illustrated in Figure 1 [3, 12]. Each stage 
involves specific material, energy, and resource requirements and can contribute to the overall environmental footprint 
of the product. Therefore, a life-cycle perspective is essential for identifying environmental hotspots and developing 
effective strategies for resource conservation, waste reduction, and sustainable footwear production. 
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Sustainability considerations should be incorporated throughout the footwear life cycle rather than being restricted to 
the manufacturing stage. Decisions concerning material selection, product design, component configuration, 
manufacturing processes, packaging, distribution, product durability, maintenance, and end-of-life treatment can 
collectively influence the environmental performance of footwear. In particular, interventions implemented during the 
early design and material-selection stages can have implications for subsequent manufacturing efficiency, material 
consumption, product longevity, recyclability, and end-of-life recovery. 

From the perspective of sustainable footwear development, three key factors; material utilization, energy and 
resource consumption, and waste generation and end-of-life management are particularly important because they 
influence environmental performance across multiple stages of the product life cycle. These factors are presented in 
an ascending framework in Table 1. Their systematic consideration can support the identification of opportunities for 
reducing environmental impacts and improving resource efficiency throughout the footwear life cycle. Furthermore, 
the integration of Artificial Intelligence (AI) into life-cycle-oriented footwear design can facilitate data-driven material 
selection, design optimization, demand forecasting, process optimization, waste minimization, and the development 
of more durable, recyclable, and resource-efficient footwear products. 

Table 1: Ascending order of the key factors for footwear product cycle 

  
S. No.   Ascending order Key factor   Life-cycle relevance 

   of the factor 

1  Key Factor – I  Material utilization  Material selection, quantity,  

sourcing, durability and  

recyclability  

2  Key Factor – II Energy and resource  Manufacturing, processing,  

Efficiency   transportation and use 

3  Key Factor – III Waste and end-of-life   Production waste,  

Management    repair/reuse, recycling and  

disposal 

3. Artificial Intelligence-Enabled Approach to Sustainable Footwear Design 

Artificial Intelligence (AI) has emerged as a powerful computational approach for processing, integrating, and 
analyzing large and complex datasets with high efficiency. Its increasing application across healthcare, biotechnology, 
transportation, infrastructure, education, marketing, and industrial design has demonstrated its potential to support 
data-driven decision-making, prediction, optimization, and automation. Within the design and manufacturing domain, 
AI-based technologies are increasingly being investigated for applications in architectural design, fashion design, 
consumer-product development, industrial design, and footwear development [1,3,15-17].  

The footwear industry represents a particularly relevant domain for AI integration because footwear development 
requires the simultaneous consideration of aesthetic attributes, functional performance, material characteristics, 
manufacturing constraints, consumer preferences, cost, and environmental impacts. AI-based methods can facilitate 
the integration of these multidimensional parameters and support more efficient design and development processes. 
In particular, AI can contribute to the development of conventional, customized, and sustainable footwear by assisting 
designers and manufacturers in material selection, design generation, product optimization, prototyping, demand 
prediction, and customer-oriented product development. 

The present paper reviews the applications of AI across footwear research, design, and manufacturing, with particular 
emphasis on its role in the development of regular, customized, and sustainable footwear products. The application of 
AI is also relevant to education and training because AI-supported digital tools can facilitate visualization, 
experimentation, design iteration, and understanding of contemporary footwear-development processes. 



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

 

IJWOS | Volume 3 Issue 9, September 2026  |  https://ijwos.com                                                                          245 
 

 

AI can be integrated at multiple stages of footwear development and can provide decision-support capabilities based 
on predefined design, material, functional, and consumer-related parameters. In the context of sustainable footwear 
design, three interconnected considerations are particularly important. Out of three consideration points, first is the 
selection and optimization of footwear materials, second is AI-assisted product design and optimization, and third is 
identification and integration of consumer requirements. The interaction among these factors can facilitate the 
development of footwear that satisfies functional and aesthetic requirements while simultaneously considering 
material efficiency, product durability, economic feasibility, and environmental performance. 

3.1 Selection and Optimization of Footwear Materials 

Footwear manufacturing involves a diverse range of materials, including leather, textiles, rubber, polymers, plastics, 
foams, adhesives, natural or bio-based fibers, and other materials used by the manufacturers. Material selection is 
therefore a critical decision in determining the functional performance, manufacturing characteristics, cost, durability, 
customer requirement, and environmental profile of a footwear product. 

AI can support material-selection processes by analyzing and comparing multiple material properties and associated 
datasets. Parameters such as density, weight, tensile strength, flexibility, abrasion resistance, durability, thermal 
properties, recyclability, embodied energy, environmental impact, and cost can be incorporated into AI-assisted 
decision-making frameworks. Such approaches can enable the systematic comparison of alternative materials 
according to predefined product requirements. 

AI-based material analysis can also assist manufacturers in identifying combinations of materials that provide an 
appropriate balance between product performance, economic feasibility, and environmental considerations. The 
incorporation of information related to material origin, recyclability, renewable content, resource consumption, and 
environmental impact may further support the selection of materials with improved sustainability characteristics. 
Consequently, AI-assisted material selection has the potential to reduce inappropriate material use, improve resource 
efficiency, cost-effective, and support the development of footwear products with lower environmental impacts. 

3.2 Application of AI-Driven Technologies in Footwear Design 

AI-driven design systems can generate and evaluate multiple footwear design alternatives based on predefined 
parameters and design constraints. These parameters may include product geometry, size, shape, colour, material 
characteristics, weight, comfort, durability, functional requirements, manufacturing constraints, and aesthetic 
preferences. Generative AI and other computational design techniques can therefore expand the range of design 
alternatives available to footwear designers while reducing the time required for initial concept development. 

AI-based design optimization can simultaneously consider aesthetic, functional, ergonomic, economic, and 
environmental parameters. This capability is particularly relevant to customized footwear, where individual 
requirements relating to foot morphology, fit, comfort, activity, style, and performance may need to be incorporated 
into the design process. 

AI can further facilitate rapid design iteration and virtual product evaluation. Computational modelling, computer-
aided design, machine learning, computer vision, virtual prototyping, and additive manufacturing technologies, 
including three-dimensional (3D) printing, can be integrated to accelerate prototype development and validation. Such 
integration may reduce the number of physical prototypes required and facilitate earlier identification of design 
deficiencies. As a result, AI-assisted design can contribute to shorter development cycles, improved design flexibility, 
and more efficient utilization of materials and manufacturing resources. 

3.3 Identification and Integration of Consumer Requirements 

Understanding consumer requirements is an important component of footwear product development. Consumer 
preferences are dynamic and may vary according to demographic characteristics, lifestyle, intended use, comfort 
requirements, fashion trends, price sensitivity, and individual aesthetic preferences. AI can support the analysis of 
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these diverse requirements through the processing of large volumes of historical and real-time data obtained from 
market research, consumer feedback, online platforms, sales records, product reviews, and other relevant sources. 

Machine-learning and predictive-analytics techniques can be used to identify patterns in consumer behavior, estimate 
market demand, and support trend forecasting. Such analyses can assist footwear manufacturers in developing 
products that more closely correspond to changing market requirements. AI-based recommendation and customization 
systems may additionally enable consumers to participate in product selection and design through individualized 
preferences related to fit, appearance, materials, and functional characteristics. 

The integration of consumer data with material and design information can consequently support a more responsive 
footwear-development process. By aligning product characteristics with demonstrated consumer requirements, 
manufacturers may improve product relevance, reduce unnecessary production, and potentially minimize material and 
resource losses associated with products that have limited market acceptance [6,8,10]. 

4. Advantages of AI-Based Sustainable Footwear 

Based on the available literature [1-17], AI-based approaches offer several potential advantages across footwear design 
and manufacturing, including design generation, design optimization, customization, material selection, resource 
efficiency, manufacturing-process optimization, and market analysis [1,3,5–7,9–11]. The major advantages towards 
regular, customized, and sustainable footwear are described and summarized as given below point a to j.  

4.1 Generative and creative design 

AI-based generative systems can produce multiple footwear design alternatives from predefined design parameters, 
thereby expanding the design space and supporting creative exploration. 

4.2 Design optimization 

AI can facilitate the optimization of footwear geometry and design characteristics according to multiple criteria, 
including comfort, functionality, weight, durability, manufacturability, aesthetics, cost, and sustainability. 

4.3 Rapid design iteration and validation 

AI-assisted modelling and virtual prototyping can accelerate the evaluation and refinement of design concepts before 
physical prototype development, potentially reducing development time and material consumption. 

4.4 Intelligent material selection 

AI can analyze material properties and associated environmental and economic parameters to support the selection of 
materials appropriate for specific performance, quality, cost, and sustainability requirements. 

4.5 Consumer-oriented customization 

AI can integrate individual consumer preferences and relevant anthropometric or functional parameters to support 
personalized footwear designs, including customized fit, appearance, and performance characteristics. 

4.6 Market analysis and demand forecasting 

AI can analyze historical sales data, consumer feedback, market trends, and other relevant datasets to identify 
emerging preferences and improve demand forecasting. Such capabilities may support more responsive product-
development and production planning. 
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4.7 Material and resource efficiency 

AI-based design and manufacturing optimization can contribute to more efficient utilization of materials and 
production resources. Optimized cutting patterns, component configurations, production planning, and process 
parameters may help reduce material losses and resource consumption. 

4.8 Support for sustainable footwear development 

AI can facilitate the evaluation and selection of renewable, recycled, recyclable, bio-based, and lower-impact 
materials. When integrated with life-cycle thinking, AI may support the development of footwear with improved 
resource efficiency, durability, repairability, reuse, and recyclability. 

4.9 Manufacturing-process optimization 

AI can support process monitoring, quality assessment, defect detection, production scheduling, predictive 
maintenance, and process optimization. These applications may improve manufacturing consistency and reduce 
production-related losses. 

4.10 Economic and operational benefits 

Through improved design efficiency, resource utilization, demand forecasting, customization, and manufacturing 
optimization, AI has the potential to reduce development and production costs while improving responsiveness to 
changing market requirements. 

5. Conclusion 

Artificial Intelligence is increasingly being integrated into industrial design and manufacturing and offers significant 
opportunities for transforming footwear product development with relevant advantages including material 
optimization, design optimization and development of sustainable regular and customized footwear. Its application 
extends beyond automated design generation to include material selection, product customization, design 
optimization, virtual prototyping, manufacturing-process optimization, quality assessment, market analysis, and 
consumer-oriented services. 

From a sustainability perspective, the early stages of footwear development—particularly material selection and 
product design are strategically important because decisions made at these stages can influence subsequent material 
consumption, manufacturing requirements, product durability, waste generation, recyclability, and end-of-life options. 
AI-assisted decision-making can therefore contribute to the integration of functional, economic, consumer, and 
environmental considerations during footwear development. 

The integration of AI across the footwear product life cycle provides an opportunity to move from conventional, 
largely sequential design processes towards more data-driven, adaptive, and integrated development systems. 
However, the sustainability benefits of AI should not be assumed automatically; they depend on the quality of input 
data, selection of appropriate algorithms, computational requirements, material and manufacturing conditions, and the 
environmental performance of the resulting products and processes. 

Overall, AI represents a promising enabling technology for the development of intelligent, regular, customized, 
resource-efficient, and sustainable footwear. Future research should focus on integrating AI with life-cycle 
assessment, circular-design principles, sustainable material databases, digital manufacturing, and real-time product 
and consumer data to establish scientifically validated frameworks for sustainable footwear design and production. 
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