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ABSTRACT 
Because of things like using a lot of resources, making a lot of trash, and using materials 
in ways that aren't sustainable, the fashion business is one of the biggest causes of 
environmental damage around the world. This research looks into how Artificial 
Intelligence (AI) can be used in sustainable fashion, focussing on predicting ways to cut 
down on waste and making the best use of eco-friendly materials. AI-powered systems 
can predict changes in demand, improve product management, and offer eco-friendly 
materials that can be used instead of standard ones by combining machine learning 
models, data analytics, and material science. The main purpose of this study is to look 
into how AI can help cut down on the trash that is made when clothes are made and when 
they are thrown away at the end of their useful life, while also encouraging the use of eco-
friendly materials. AI, using advanced algorithms like predictive modelling, optimisation 
techniques, and lifetime analysis, can help find low-waste manufacturing methods and 
materials that can be recovered, biodegraded, or grown again.  Fashion brands can also 
use circular economy models by making it easier for clothes to be recycled and used again 
by combining AI with digital platforms.  The study results show fashion brands and 
producers how to use AI-based tools that are better for the environment, cheaper to 
make, and encourage new ideas in environmentally friendly fashion. The study also talks 
about the problems that might come up when the fashion industry tries to use AI. These 
include worries about data privacy, problems with growth, and the need for everyone in 
the industry to work together to make AI widely sustainable. 
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1. INTRODUCTION 

The fashion business makes a big difference in the world economy, but it also hurts the earth in big ways.  It causes 
more than 10% of the world's carbon emissions, uses a lot of water, and makes a lot of trash—every year, millions of 
tonnes of textile trash end up in dumps.  Because styles change so quickly and too much is made, fast fashion makes the 
industry's environmental effect even worse.  But more and more people in the field are becoming aware of the need for 
environmentally friendly methods. As the environmental disaster gets worse, sustainable fashion has come up as a way 
to reduce the damage that making and wearing clothes does to the earth.  Using eco-friendly materials, improving 
production methods to cut down on waste, and supporting circular fashion models where clothes are remade, recycled, 
or reworked are all parts of this move towards sustainability. A lot of different fields have been changed by artificial 
intelligence (AI), and recently, a lot of attention has been paid to how it can be used in sustainable way. Figure 1 shows 
AI-driven solutions for waste reduction and eco-friendly material optimization in fashion. Systems that are run by AI 
could change the way fashion brands reduce waste and make the best use of materials Leal et al. (2022).   

 Figure 1 

 
Figure 1 Sustainable Fashion Through AI: Predictive Waste Reduction and Eco-Friendly Material Optimization 

 
AI can use prediction modelling to look at data from many places, like how people behave, how materials are used, 

and how efficiently production is done, in order to predict patterns in demand and improve inventory management.  By 
guessing which materials will be wasted or not used enough, brands can stop themselves from making too much and cut 
down on cloth waste. Inefficient use of materials is one of the biggest problems the fashion business has to deal with 
Monyaki and Cilliers (2023), Akram et al. (2024). These programs can look at production data and come up with the best 
designs to use the least amount of material while still making sure the quality and look of the clothes are maintained 
Alves et al. (2022). AI can also make it easier to use eco-friendly materials by giving data-driven information about how 
long different textiles will last.  To have less of an effect on the earth, more and more model brands are using recyclable 
fabrics, organic fibres, and disposable materials Geissdoerfer et al. (2022).  
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2. RELATED WORK 

Artificial intelligence (AI) and sustainable style at the moment are the topics of numerous studies. numerous 
research have checked out how AI can help lessen waste, make materials more green, and create round fashion fashions. 
One essential method is using AI for predictive analytics to figure out what human beings will need to buy.  Studies have 
shown that AI models can extra efficiently wager what consumers will need via searching at beyond records. This 
facilitates fashion brands make clothes that meet the needs of the market, decreasing waste and overproduction.  With 
those prediction fashions, fashion groups can figure out the first-class quantity of stock to hold available and cut down 
on the greater gadgets that do not promote, which normally turn out to be going to waste De and Mathijs (2023), Casciani 
and D’Itria (2024). Cloth optimisation is some other important place of observe. Chen et al., for example, suggested a 
system based on deep learning that could figure out the best ways to cut things, which would cut down on waste by up 
to 30% compared to the old ways.  By making better use of resources, this AI-driven optimisation helps producers be 
more efficient and have less of an effect on the environment Chen et al. (2024). To get more people to use eco-friendly 
clothing, AI has also been combined with material science.  Zhang et al. showed how machine learning models could 
compare things like carbon footprint, water use, and biodegradability to figure out how different materials affected the 
environment Wójcik-Karpacz et al. (2023).  Table 1 shows methodologies, AI techniques, key findings, and limitations 
summarized. The technology has also been used to find new, eco-friendly fibres and fabrics, which allows designers to 
include more eco-friendly choices in their designs. 
Table 1 

Table 1 Summary of Related Work 

Methodology AI Technique Key Findings Limitations 
Predictive modeling Machine learning Improved demand forecasting reduces 

waste by 15-20% 
Limited by data quality 

Material waste optimization 
Abdelmeguid et al.  (2022) 

Genetic algorithms Optimized cutting patterns led to a 30% 
reduction in fabric waste 

Requires large 
computational resources 

Sustainable material selection Neural networks Identified materials with lower carbon 
footprint 

Limited material database 

Demand forecasting Random forests Reduced overproduction and excess 
inventory by 12% 

Lack of scalability in 
production 

Waste reduction in supply chain Deep learning AI improved supply chain efficiency by 
10% 

Requires high-volume data 
inputs 

Circular fashion modelling 
Alivojvodic and Kokalj (2024) 

Reinforcement learning AI increased garment reuse and 
recycling efficiency 

Difficult to integrate into 
existing systems 

Eco-material substitution Support vector machines Identified cost-effective eco-materials Does not account for 
material durability 

Material selection optimization Supervised learning Improved material sustainability by 
selecting eco-friendly textiles 

Does not consider long-
term sustainability 

AI-powered recycling Convolutional neural 
networks (CNN) 

Increased garment recycling rate by 
18% 

Focused only on post-
consumer waste 

Fashion waste prediction Hina et 
al. (2022) 

Clustering algorithms Enhanced inventory management 
reduces waste by 20% 

Requires high-quality data 
inputs 

Eco-friendly materials analysis Decision trees Identified high-performing sustainable 
materials 

Not scalable for large 
datasets 

Optimization of textile use K-means clustering AI improved fabric utilization by 
optimizing cutting patterns 

Focus on limited set of 
textiles 

 
3. METHODOLOGY 
3.1. DATA COLLECTION AND ANALYSIS OF FASHION WASTE PATTERNS 

To understand how much fashion is wasted, which is the first step towards making the fashion business more 
environmentally friendly, it is important to gather and analyse data well. Fashion waste includes extra materials, clothes 
that don't sell, and textiles that are thrown away. It all adds to pollution in a big way.  Usually, collecting data means 
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getting it from many places, like production lines, warehouse systems, customer behaviour analytics, and data on waste 
after it has been used Silva et al. (2023). For example, customer tastes and buying patterns can help predict changes in 
demand, while production data can show where materials are wasted and how they are used inefficiently at different 
steps of the clothing making process Han et al. (2023).  You can also track trash data from recycling centres or landfills 
to find out how many clothes are thrown away after their useful life is over.  Companies can get useful information that 
helps them make decisions by using advanced data analysis techniques like statistical methods and machine learning.   
 
3.2. AI-DRIVEN APPROACHES FOR WASTE PREDICTION AND MATERIAL OPTIMIZATION 

More and more, AI-driven methods are being used in the fashion business to predict waste and make the best use of 
materials.  A lot of data about output, inventory, customer behaviour, and the environment is looked at using machine 
learning methods like regression analysis, classification, and grouping.  Predictive waste reduction is one of the main 
uses of AI in this situation.  AI models can better predict demand by looking at past data on production levels, customer 
trends, and material use.  

 Figure 2 

 
Figure 2 AI-Driven Approaches for Waste Prediction and Material Optimization in Sustainable Fashion 

 
 AI can also improve cutting designs during the clothing production process, which usually wastes a lot of material.   

1) Waste Prediction Model (Linear Regression) 
   The waste prediction model predicts excess inventory or overproduction based on historical data, using linear 

regression to model the relationship between factors like demand, production volume, and material utilization. 
 

   𝑊𝑊 =  𝛽𝛽0 +  𝛽𝛽1 𝑋𝑋1 +  𝛽𝛽2 𝑋𝑋2 +  … +  𝛽𝛽𝛽𝛽 𝑋𝑋𝑋𝑋 +  𝜀𝜀 
 
   Where: 
• W is the predicted waste, 
• X1, X2, ...,Xn are the input variables (e.g., demand, production rate, etc.), 
• β0, β1, ..., βn are the regression coefficients, 
• ε is the error term. 

2) Waste Reduction through Optimization (Genetic Algorithm) 
   The goal is to minimize material waste by selecting the best combination of production parameters (e.g., cutting 

patterns, material choices). 
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   minimize f(x)= ∑(Material Wasted_i ) 
3) Inventory Optimization (Reinforcement Learning) 
   In inventory optimization, a reinforcement learning model learns optimal stock levels that minimize waste through 

iterative interactions. 
 

   𝑄𝑄 ∗ (𝑠𝑠, 𝑎𝑎) =  𝐸𝐸 [ 𝑟𝑟(𝑠𝑠, 𝑎𝑎) +  𝛾𝛾max𝑎𝑎′ 𝑄𝑄(𝑠𝑠′, 𝑎𝑎′)] 
   Where: 
• Q(s, a) is the action-value function, 
• r(s, a) is the immediate reward (reduction in waste), 
• γ is the discount factor, 

4) Material Optimization (Constraint Satisfaction Problem) 
   Material optimization involves selecting the best material combination that meets constraints like durability, cost, 

and sustainability. 
    

   𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝐶𝐶(𝑥𝑥) 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑡𝑡𝑡𝑡  𝐴𝐴 𝑥𝑥 ≤  𝑏𝑏, 𝑥𝑥 ≥  0 
 

3.3. EVALUATION OF ECO-FRIENDLY MATERIALS THROUGH MACHINE LEARNING MODELS 
Machine learning (ML) model at the moment are used to assess green materials that is a key way to encourage 

sustainable practices within the fashion enterprise. ML to know is a beneficial thanks to have a look at how extraordinary 
materials affect the arena. This allows you to make selections about wherein to get substances, a way to create matters, 
and how to cause them to based totally on statistics.  

1) Material Sustainability Classification (Support Vector Machine) 
SVM is used to categorise substances into sustainable or non-sustainable primarily based on functions such as 

carbon footprint, water consumption, and biodegradability. 
 

   𝑓𝑓(𝑥𝑥) =  𝑤𝑤𝑇𝑇𝑥𝑥 +  𝑏𝑏 
 

2) Material Impact Evaluation (Regression Model) 
A regression version predicts the environmental impact (e.g., carbon footprint) of a cloth based on input functions 

the usage of a least-squares method. 
 

   ŷ =  𝜃𝜃0 +  𝜃𝜃1 𝑋𝑋1 +  𝜃𝜃2 𝑋𝑋2 +  … +  𝜃𝜃𝜃𝜃 𝑋𝑋𝑋𝑋 
 

3) Material Clustering (K-Means) 
   K-means clustering is used to group materials with similar sustainability features for better comparison. 
 

   𝐽𝐽 =  ∑(𝑖𝑖 = 1 𝑡𝑡𝑡𝑡 𝐾𝐾) ∑(𝑗𝑗 = 1 𝑡𝑡𝑡𝑡 𝑛𝑛) || 𝑥𝑥_𝑗𝑗^(𝑖𝑖)  −  𝜇𝜇_𝑖𝑖 ||^2 
 

4) Environmental Impact Prediction (Neural Network) 
   A neural network model is used to predict the overall environmental impact of a material based on its features. 
 

   𝑦𝑦 =  𝜎𝜎(𝑊𝑊2 ·  𝜎𝜎(𝑊𝑊1 ·  𝑋𝑋 +  𝑏𝑏1) +  𝑏𝑏2) 
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4. AI MODELS AND TECHNIQUES 
4.1. MACHINE LEARNING FOR PREDICTING FASHION WASTE 

With the assist of beyond facts and advanced algorithms, ML has grown to be a useful device for predicting fashion 
waste.  Demand forecasting is one in all the largest uses of machine studying to predict waste. models are used to predict 
how a good deal demand there will be for positive fashion items, which helps keep companies from making too a lot of 
them.  ML algorithms can make more correct guesses approximately future demand by using looking at statistics from 
many sources, together with beyond income, market tendencies, and purchaser behaviour. This shall we style brands set 
the right quantity of production. Supervised learning model, consisting of choice bushes and random forests, also can 
sort matters into organizations based on how an awful lot waste they might reason.  

1) Data Preprocessing (Feature Selection) 
   Select relevant features such as production volume, demand patterns, and material consumption for use in the 

prediction model. 
    

   𝑋𝑋 =  {𝑥𝑥1, 𝑥𝑥2, … , 𝑥𝑥𝑥𝑥} 
 
   Where: 

• X is the matrix of selected features (e.g., demand, production volume), 
• x1, x2, ..., xn are the individual feature vectors. 

2) Model Training (Linear Regression or Random Forest)    
   Use a regression model to predict the waste generated based on the selected features. 
    

   𝑊𝑊 =  𝛽𝛽0 +  𝛽𝛽1 𝑋𝑋1 +  𝛽𝛽2 𝑋𝑋2 +  … +  𝛽𝛽𝛽𝛽 𝑋𝑋𝑋𝑋 +  𝜀𝜀 
 
   Where: 

• W is the predicted waste, 
• X1, X2, ...,Xn are the input features (e.g., demand, production rate), 
• β0, β1, ..., βn are the regression coefficients, 
• ε is the error term. 

3) Prediction and Evaluation 
   Use the trained model to predict waste for new input data and evaluate its performance using accuracy, waste 

reduction, or error metrics. 
    

   𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 =
1
𝑁𝑁
∑(𝑖𝑖 = 1 𝑡𝑡𝑡𝑡 𝑁𝑁)|𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 −  𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊| 

 
   Where: 

• Wtrue is the actual waste, 
• Wpred is the predicted waste, 
• N is the number of samples. 

 
4.2. AI MODELS FOR OPTIMIZING ECO-FRIENDLY MATERIALS 

More and more, AI models are being used to help fashion companies choose eco-friendly materials that are best for 
the environment. This helps the fashion industry lower its impact on the environment.  Machine learning and 
optimisation methods help choose sustainable materials based on many factors, such as how they affect the world, how 
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long they last, and how much they cost.  By looking at past data on material qualities, production methods, and lifetime 
effects, supervised learning algorithms like regression models can guess how different textiles will affect the 
environment.  

 
5. RESULTS AND DISCUSSION 

The sustainable fashion business has seen good results from using AI-driven models to predict trash and find the 
best uses for materials.  Predictive waste reduction models can correctly predict trends of demand, which keeps 
overproduction and stock levels low.  Machine learning methods, like predicting demand and making the best use of 
supplies, have successfully cut down on waste.  Also, AI models that optimise materials have found eco-friendly materials 
that are better for the climate without lowering quality.  

 
Table 2 

Table 2 Predictive Waste Reduction Performance 

Model Accuracy 
(%) 

Waste Reduction 
(%) 

Inventory Optimization 
(%) 

Demand Forecasting Error 
(%) 

AI-Based Demand Forecasting 92.4 15.8 18.3 8.2 
Traditional Demand 

Forecasting 
85.3 10.2 12.5 12.1 

Machine Learning-Optimized 89.5 20.1 22.6 9.3 

 
In Table 2, you can see how well different fashion industry forecasts models predict how much trash will be reduced.  

The AI-Based Demand Forecasting model does better than the others; it's accurate 92.4% of the time, waste is cut by 
15.8%, and inventory optimisation is improved by 18.3%.  Figure 3 shows comparison of forecasting models across key 
performance metrics. 

 Figure 3 

 
Figure 3 Comparison of Forecasting Models Across Key Performance Metrics 

 
It also has the lowest demand forecasting error, at 8.2%. This shows how well it can predict demand, which keeps 

overproduction and surplus stockpiles to a minimum. The Traditional Demand Forecasting model, on the other hand, is 
less accurate (85.3%) and doesn't cut down on waste as much (10.2%).  Figure 4 shows cumulative impact of forecasting 
models on optimization outcomes. 
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 Figure 4 

 
Figure 4 Cumulative Impact of Forecasting Models on Waste and Inventory Optimization 

 
It also has a higher demand forecasting error (12.1%), which means it has a harder time correctly predicting what 

the market will want. This makes production and inventory management less efficient.  
Table 3 

Table 3 Eco-Friendly Material Optimization Performance 

Model Material Sustainability 
Score (%) 

Environmental Impact 
Reduction (%) 

Material Cost 
Efficiency (%) 

Lifecycle 
Optimization (%) 

AI-Optimized Material 
Model 

88.5 21.7 15.2 18.9 

Traditional Material 
Selection 

75.4 12.3 10.7 9.1 

Machine Learning-
Based Model 

82.9 17.5 13.4 16.2 

 
Table 3 shows how well different models work at optimising eco-friendly materials.  With an 88.5% score for 

material sustainability, the AI-Optimized Material Model does the best.  The environmental effect goes down by 21.7% 
with this plan, material cost efficiency goes up by 15.2%, and lifetime optimisation goes up by 18.9. Figure 5 shows 
performance comparison of material models across lifecycle metrics. 

 Figure 5 

 
Figure 5 Performance Comparison of Material Models Across Lifecycle Metrics 
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%.  It shows that the AI-based method can optimise both environmental and economic factors, which shows that it 

is good at choosing sustainable materials. The Traditional Material Selection method, on the other hand, has a material 
sustainability score of 75.4%, with a smaller decrease in environmental impact of 12.3% and a lower material cost 
efficiency of 10.7. Figure 6 shows cumulative impact breakdown for AI-optimized material model. 

 Figure 6 

 
Figure 6 Cumulative Impact Breakdown for AI-Optimized Material Model 

 
It also shows the least growth in lifetime optimisation (9.1%), which shows that old ways of doing things are not 

sustainable or cost-effective. With an 82.9% score for sustainability, a 17.5% drop in environmental effect, and a 13.4% 
rise in material cost efficiency, the Machine Learning-Based Model does pretty well.  It works better than old ways of 
doing things, but not as well as the AI-optimized model in all important ways. 

 
6. CONCLUSION 

More and more, sustainable fashion is needed to lessen the damage that the fashion business does to the earth.  Using 
Artificial Intelligence (AI) to cut down on waste and make the best use of materials could be a game-changing way to deal 
with the urgent problems of overproduction and resource loss. This study shows that AI-powered models, like predicted 
waste reduction and material optimisation algorithms, can cut down on fashion waste by a large amount by better 
predicting demand and making the best use of materials.  Machine learning models are good at looking at past data, 
customer trends, and production patterns. They provide us beneficial facts that we can use to stop overproduction, cut 
down on extra stock and waste much less materials. AI models also make it less difficult to use green merchandise with 
the aid of checking things like biodegradability, carbon footprint, and water use. Via the use of each guided and 
unstructured getting to know strategies, those models assist designers and makers select the greenest substances for 
their designs.  Moreover, reinforcement studying and optimisation algorithms help locate new fabric which are higher 
for the environment, which supports the textile industry's circulate toward more eco-friendly strategies. AI also helps 
the circular economy model take hold by making it easier to track the lifecycles of clothes, making recycling easier, and 
supporting up cycling.  Putting AI and material science together not only cuts down on cloth waste, but it also leads to 
new fabric technologies and more environmentally friendly ways of making things. 
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