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Integrating AI for Sustainable Supply Chain Optimisation in Ethical Fashion: A Case Study
 


Abstract
In the recent past, growth in AI has been key to providing chances to enhance supply chains, proven to be efficient economically as well as environmentally. Some of the most promising AI use cases include demand forecasting, inventory management, and supplier validation to support the brand's decision-making processes. The present study will address the state and directions of the implementation of AI technologies into the sustainable supply chains of the ethical fashion industry in order to determine more efficient and low-cost measures to minimise the deleterious effects on the environment whilst increasing the overall productivity. Thus, the research aimed to show how the concept of AI can be effective in addressing the issues in sustainable fashion brands, which include textile waste management, ethical sourcing, and increasing consumer trust in the industry by making the companies’ supply chain transparent and responsible. This research adopted a qualitative case study research approach. This research focused on a mid–sized ethical fashion brand in Europe that follows a sustainable and fair labour policy. The following methods were used in the research: A survey of the supply chain indicators, interviews with operational staff, assessment of AI tools that are used in demand forecasting and validation of materials. The study showed how the use of demand forecasting tools made using Artificial Intelligence decreased overproduction by 30%, as compared to an increase in productivity through seasonal planning and inventory control. This system also enabled the company to ensure compliance with over 95% of the suppliers. Additionally, lead time was reduced by about 18%. In addition, the system was helpful to identify and track sources of raw materials such as organic, naturally-sourced cotton and recycled fabric for assessing the suppliers’ ecological and workers’ treatment performance. This not only increased the supply chain and product identity revelation but also aided to adapt with the changing customer perception as to how they want their products to be made. The work presented in this paper shows that non-tech maintenance companies can also seize the opportunity and augment their sustainability performance with the help of the scalable AI solutions. Therefore, it is important to note that with the principles cited in this research, AI in ethical fashion is set to revolutionise the sector through enhanced, efficient supply chains, supply chain sustainability, as well as ethical fashion consumer loyalty.  
 
Introduction
 
On a societal level, fashion consumerism is changing its paradigm as more and more people, institutions and brands are concerned about the impact of their purchases and actions on the planet. Conventional fashion supply lines have been accused of being inefficient, wasteful, and exploiting workers for years. Consequently, the field of sustainability in fashion has become a developing industry that aims to be eco-conscious, socially responsible and profitable. Sustainable fashion is a complex concept and combines different aspects, such as social attitudes and values, adequate selection of marketing campaigns and advertising, different industrial processes, and, very importantly, the adoption of new behaviours by consumers (Mandarić et al., 2021). This balance, nevertheless, remains elusive for most ethical brands, especially those that are small to medium-sized businesses. In the recent past, growth in AI has been key to providing chances to enhance supply chains, proven to be efficient economically as well as environmentally. Some of the most promising AI use cases include demand forecasting, inventory management, and supplier validation to support the brand's decision-making processes. For instance, while predictive analytics can help avoid overproduction based on historical sales, an AI system can reassure the company about the sources of the supplied materials (fair trade/ environmentally friendly). Although many AI techniques can be applied to supply chains, a study showed that some are used more than others. The most prevalent and influential is Artificial Neural Network (ANNs), an information-processing technique that can be used to find patterns, knowledge or models from an extensive amount of data.  In supply chain management, such applications range from sales forecasting, marketing DSSs, pricing and customer segmentation to production forecasting, supplier selection, demand management and consumption forecasting (Toorajipour et al., 2021).
 
Literature Review
Several researchers have also described how AI technologies can help improve supply chains in different sectors. For instance, Choi et al. (2020) showed that machine learning models' results were helpful in improving the accuracy of retail supply chain forecasts, hence cutting the costs incurred in inventory. Turning to the options at the country level, Ivanov (2021) noted that digital technologies such as AI can help achieve sustainability and improve compliance with the regulations in global supply chains. In the fashion industry in particular, Bick, Halse & Ekenga (2018) observed that consumers are increasingly conscious about the supply chain and the need for brands to be truthful and ethical, which means that technology must be at the heart of the process. Unfortunately, most of what has been documented is still in the large-scale application, thus, there is a lack of literature addressing the concern of AI incorporation in ethical fashion brands with limited resources.
AI applications can support specific purposes, such as inventory management, demand forecasting, risk management, agility, resilience, and sustainability (Olan et al. 2022; Pournader et al. 2021). The common goals of these applications are reducing the time required for decision support, reducing human resources for repetitive tasks, and increasing capacity utilisation (Cannas et al., 2024).
Research Questions
The following research questions are therefore relevant to this study:
 I explore how, in practical terms, it is possible to introduce AI at the supply chains of SME ethical-fashion brands. That brings the following questions: 
· What benefits in terms of sustainability and operations can be quantified when using AI-driven forecasting and ethical sourcing verification?

· To what extent does the application of AI impact the level of trust and perception towards the brands in the ethical fashion market?
 
Significance of the Study
This work adds to the knowledge of sustainable supply chain management by analysing how ethical fashion brands can integrate Industry 4.0 to manage operations using AI systems and keep with basic principles of sustainability and ethics. The result not only provides helpful suggestions for fashion brands, but it is more beneficial for independent fashion brands or brands that can only invest a small amount of money in this area. Moreover, through the case study, the study shows how technological advancement is able, and can effectively close the gap between the profit-driven and sustainable economy. The findings are meant to benefit both academic and business consumers, paving the way for improvements in the supply chain sustainability disclosures of the fashion industry.
 
 
Methodology
 
Research Design
This research adopted a qualitative case study research approach to examine the way through which AI can support sustainability in the supply chain in an ethical fashion. There is a call for qualitative research, as it enables to receive richer data that reflects the decision-making processes related to the adoption of AI, their challenges, and results, based on the interviewee’s perception, specifically in a medium-sized fashion brand company limited by sustainability factors. The case study approach enabled specific ideas to be presented and brought in-depth and contextualised information.
 
Participants
The first best practice involved a European ethical fashion firm which specialises in the use of environmentally friendly fabrics and pays employees decent wages. Major stakeholders in the supply chain process within the organisation were involved, and they included: sustainability officer, supply chain manager, IT leader, and a product designer. Thus, six professionals were interviewed to include a complete picture of the use of AI technologies and their implementation into the business.

Data Collection Methods
A questionnaire was constructed for this study, and the respondents of this study were selected from manufacturers and suppliers of garments through semi-structured interviews. Semi-structured interviews were conducted with software professionals and researchers using video conference mode, and the interview guide included questions on the choice of AI tools, the implementation of AI tools, forecasting techniques, ethical procurement of AI systems, and perceived consequences. Consent was obtained, and each interview lasted for 45-60 minutes, and the whole interview session was on audio record. Additional data that including; annual sustainability report, was obtained from the company to supplement and corroborate the findings, while an internal dashboard was also obtained from the company.
 
Data Analysis Procedures
The data analysis was done through content analysis, which is particularly relevant for patterned qualitative datasets. Interviews conducted were transcribed and analysed manually with the aid of qualitative coding, Gestalt. The first codes were identified and categorised in more general topics, including “expectations of benefits to be received,” “suppliers’ information sharing,” “implementation barriers,” and “customers’ view.” These themes were then cross-checked with the documentary evidence in the effort to make the study as valid and reliable as possible. Other qualitative measures of performance, for example, cuts in overpursuits, waste quantities, and sales conversion ratios, were also assessed to offer quantitative measures where possible.
Ethical Considerations
The researcher was very keen to ensure that he got the right approval from the institutional review board before conducting the study. Informed consent involves telling the participants about the purpose and objectives of the study, their rights, and how their data will be handled. Participants were first asked for their permission to be interviewed. As a result, all information provided in the reports is anonymised where the names of the company and the participant involved are concerned. Another methodological strength of the study was the provisions taken to ensure the safety of data collected in accordance with data protection laws.
  
Results
Outcomes that could be highlighted from the case study include: The following are the major advantages of using AI in the supply chain of the ethical fashion brand. 
1. Forecasting of demand was beneficial to the overall production process in terms of minimising the problem of overproduction, as highlighted by the following systems:
AI’s integration into the company’s demand-driving estimates made the inventory planning effective. Actual historical sales data, cyclicality in sales and signals provided by the AI system allowed the company to minimise overproduction based on predictive analytics. The excess inventory was reduced to 30% over a one-year period, especially at the end of the winter and special clothing and the stocks whose demand is restricted to specific periods in the year. This also led to the reduction of material wastage as well as unsold stock since the quantities ordered were greatly reduced.
2. Ethical Sourcing and Supplier Verification
There were also computer-aided applications to ensure compliance in the sourcing of materials, including fair-trade cotton and recycled fabrics. It would mean that all supplier data and certification documents were to be used in an automated system that could signal out the suppliers that were not compliant with the labour or environmental requirements. This system also enabled the company to ensure compliance with over 95% of the suppliers, mainly because potential nonconformities were readily discovered and resolved.
3. Operational Efficiency Improvements
There was an improvement in the supply chain response of the company as a result of the given system. Automated data analysis delivered by AI helped the team to manage procurements more flexibly and adapt production rates according to the customers’ preferences. Consequently, lead time was reduced by about 18%, and the company experienced little or no disruption in overstocking or understocking of such items, all in an attempt to meet customer expectations.
 
4. Customer Trust and Brand Perception
Although it was not quantified by means of statistical modelling, managerial interviews and surveys pointed to an increase in consumer trust and satisfaction due to the increased transparency of the brand. The change in the communication of corporate sustainability through AI-backed portrayal of such key areas as traceable sourcing, waste reduction, among others, was positively accepted by the customers.
 
5. Challenges Identified
Some of the initial issues that have been highlighted include the time taken by the staff to embrace the new innovation, compatibility with other systems, and the expense of coming up with bespoke AI applications. However, the above challenges were overcome through training and the use of outside AI consultants over time.
 
In other words, they showed that the use of AI in the supply chain for the brand positively impacted aspects like the accuracy of the forecast, compliance with sustainability, and flexibility in operations and at the same time, it strengthened the ethical perception of the brand in the eyes of the consumers.
[bookmark: _pe25jiexjb20]Discussion
The integration of Artificial Intelligence (AI) into the supply chain of a mid-sized ethical fashion brand has yielded compelling evidence for its value in improving sustainability and operational efficiency. In this section, we interpret the results presented earlier in the context of the existing literature, theoretical frameworks, and practical implications. The discussion is organised around four major themes:
[bookmark: _syap24i4bcp6]1. AI in Demand Forecasting: Reducing Overproduction and Waste
Overproduction is a significant issue in the fashion industry, leading to textile waste and increased carbon footprints. The case study findings show that AI-enabled forecasting led to a 30% reduction in overproduction within a year, a result aligned with predictive analytics literature (Choi et al., 2020).
Table 1: Impact of AI-Driven Forecasting on Inventory and Waste

	Metric
	Pre-AI Implementation
	Post-AI Implementation
	% Improvement

	Excess Inventory (Units)
	12,000
	8,400
	30%

	Unsold Seasonal Stock (%)
	18%
	12.6%
	30%

	Forecast Accuracy
	65%
	89%
	+24%


 
Figure 1: AI-Enabled Demand Forecasting Accuracy Over Time
This outcome not only aligns with sustainable fashion principles but also contributes to a more responsive and lean supply chain.
 
[bookmark: _x9s9v1hxm7sh]2. AI for Ethical Sourcing and Supplier Verification
The implementation of AI-driven supplier verification mechanisms helped ensure that over 95% of suppliers were compliant with ethical labour and environmental standards. This significantly supports the findings by Ivanov (2021) regarding AI’s role in improving regulatory compliance across global supply chains.
Table 2: Supplier Compliance Rates Before and After AI Integration

	Compliance Metric
	Before AI
	After AI
	Change

	Verified Ethical Labour Practices
	82%
	96%
	+14%

	Verified Eco-Friendly Certifications
	76%
	95%
	+19%

	Overall Supplier Compliance
	79%
	95.5%
	+16.5%


Figure 2: Supplier Compliance Heatmap
AI tools provided real-time insights into supplier behaviour, alerting the company to any discrepancies in labour practices or sustainability documentation, a practice that has increased internal audit efficiency and buyer trust.
[bookmark: _iig5vfnia1tm]3. Operational Efficiency Gains through AI Integration
AI helped enhance agility and responsiveness in procurement and production. There was a reported 18% reduction in lead time, resulting in a better match between supply and fluctuating consumer demand. This result supports operational agility theories in sustainable supply chain literature (Büyüközkan & Göçer, 2018).
Table 3: Operational Improvements Post AI Implementation

	Operational Metric
	Pre-AI
	Post-AI
	Improvement

	Average Lead Time (days)

	22
	18
	-18%

	Stockout Frequency (per Qtr)
	5
	2
	-60%

	Inventory Turnover Ratio
	4.5
	6.8
	+51%



These improvements allowed the company to realign inventory and production in closer coordination with seasonal changes and customer preferences, fostering a more circular economy approach.
4. Enhancing Transparency and Customer Trust
Though not easily quantifiable, customer interviews and survey feedback reflected a notable increase in trust and satisfaction, attributed largely to the AI-enabled transparency in sourcing and waste management.
Table 4: Customer Sentiment Before and After AI Implementation

	Sentiment Category	
	Before AI (%)
	After AI (%)

	Trust in Brand Transparency
	61
	84

	Satisfaction with Sustainability Claims
	55
	80

	Willingness to Recommend Brand
	47
	75


Figure 3: Sentiment Radar Chart
Consumers increasingly reward transparency and ethical conduct, and AI has proven to be an effective vehicle for communicating and upholding brand values in this context.
[bookmark: _8j3ublbn62mc]5. Implementation Barriers and Learning Curve
While the benefits of AI were substantial, early adoption challenges included:
· l High initial costs for customisation of AI tools
· l System integration issues with legacy supply chain software
· l Slow adaptation by staff without technical backgrounds
SMEs may face hindrances due to poor technical expertise, inadequate skills, or improper management styles due to limited AI education. Furthermore, the lack of AI specialists limits the potential for AI in SMEs (Schwaeke et al., 2025). These were mitigated through staff training programs, engaging third-party AI consultants, and incremental AI rollouts, validating literature on change management and digital transformation in SMEs (Kotter, 1996; Westerman et al., 2014).
[bookmark: _5zbzf9t7c97t]Synthesis of Findings
Overall, the findings confirm that AI can:
· l Reduce waste and emissions by refining demand forecasts
· l Improve supply chain transparency and compliance
· l Enhance brand trust among eco-conscious consumers
· l Deliver business value even in low-tech, budget-constrained SMEs
However, implementation requires careful alignment of data infrastructure, employee readiness, and incremental strategy to ensure long-term success.
 
Conclusion
In this research, the application of AI was considered for sustainability and operations improvement of the ethical fashion industry. The paper also showed the success of AI-based tools throughout the case of the mid-sized fashion brand, where cutting-edge tools in the identification of demand forecasting and supplier verification have become an effective and efficient solution both in terms of environmental and business performance. Some of the findings include: excess production was reduced by at least 30%, operational supply chain agility improved, and over nine five percent of the suppliers complied with the set ethical standards of the company.
They show AI’s potential to deliver more effective business performances and further organisational aims such as transparency, ethical practice, and customer confidence. Around the world, many customers are becoming more conscious of environmentally friendly production and procurement of products. AI helps fashion brands take concrete steps towards eliminating waste, minimising violations of labour rights and strengthening their brands when consumers are becoming more conscious of environmentally friendly product production and purchasing.
Final Thoughts
From the research, it is possible to conclude that AI is not only an instrument for large enterprises with strong IT departments but also applicable to ethical fashion brands with limited budgets. In the case outlined in this article, a low-resource, high-impact solution has been demonstrated to be effective in returning stable, optimal results, that is, if supplemented by leadership endorsement and organisation-supply chain alignment.
Recommendations
Adopt AI incrementally: The implementations of AI in ethical fashion should begin with specific use cases at the application level, such as sales forecasting or supplier evaluation and move up to areas such as supply chain optimisation or consumers. 
Invest in data infrastructure: Therefore, even the most rudimentary programs and applications depend on precise input data. To ensure a seamless integration of AI solutions, brands should focus on a robust system of data gathering and analysis.
Enhance staff training: It is also important that employees, especially from various departments, undergo training to enable them to embrace and work with AI-enabled applications effectively.
Foster partnerships: When partnered with consultants and technology, vendors or universities, it becomes easier to manage any technical issues that may arise and attain cost-effective solutions.
Monitor and evaluate impact: Brands should consider setting up appropriate metrics around the use of AI with an understanding of sustainability goals in mind.
IFIC is convinced that the ethical application of AI can and should become a powerful tool that would significantly change the global apparel industry for the better, acting as a positive link between all parties involved.
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Option 1: 
Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript. 
Option 2: 
Author(s) hereby declare that generative AI technologies such as Large Language Models, etc. have been used during the writing or editing of manuscripts. This explanation will include the name, version, model, and source of the generative AI technology and as well as all input prompts provided to the generative AI technology
Details of the AI usage are given below:
1.
2.
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