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Introduction: 

1. Pollution issue is worsening day in day out. We should actually devise ways of 

preparing plastics that are eco-friendly. We produce more than 400 million tons of 

plastic per annum. The greater part of this plastic is produced out of such materials 

as polypropylene, polyethylene and PET. These plastics are not good to the 

environment since they are not easily degraded. 

2. Farming wastes such as rice husks, banana peels and sugarcane bagasse are a lot 

and can be used to produce plastics. It is one method of utilizing waste and creating 

something new and useful. It also works well on the environment since it is waste 

less and will help us produce things. 

3. The traditional method of creation in plastics is to experiment with a myriad of different 

factors until we get one that works. This is time consuming and is also costly. Machine 

learning can be used to assistance to make new plastics cheaper and faster. Machine 

learning will be able to analyse massive data. A prediction of the new plastic 

characteristics. It is an assurance that we do not need to initiate numerous 

experiments in the laboratory. 

4. Random Forest type of algorithm are highly effective predictors of what a new plastic 

will possess. The best process to make a new plastic can be easily identified within 

a short period of time when we apply these algorithms using such processes as 

Bayesian optimization and genetic algorithms. 

5. The present project concerns creating a computer program which is based on 

machine learning so that we can use farm waste to produce new plastics. We desire 

to have safe, to use, with food, plastics, and are good, to the environment. It is also 

in the process of making a web site that will simplify the process of using this program 

by researchers and designers. This will assist in making packaging quicker. 
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Objectives:  

1. To collect the data on waste-derived bioplastics and analyze it: 
To systematize, gather and appraise the obtained data about bioplastics derived out 
of agricultural waste materials such as rice husks, banana peels and sugarcane 
bagasse in their chemical composition and property with regard to their application 
in food packaging. 

2. Evaluation of the material properties using different machine learning models 
To produce and train higher quality machine learning models, including the Random 
Forest, and Multitask Learning, to predict the qualities of bioplastics, including 
tensile strength, elongation, oxygen permeability, water vapour permeability, and 
transparency, qualities of superior quality. 

3. To optimize bioplastic formulations and processing conditions 
To use optimization techniques, including Bayesian optimization, genetic 
algorithms, and grid search to determine the best combinations of raw materials, 
additives, fillers, and processing parameters that result in improved bioplastic 
performance.  

4. To assess the environment sustainability of the fabric compared with other 
traditional plastics. 
To conduct a comparative analysis of the green impact of the ready bioplastic 
compounds to the traditional petroleum-sourced plastics, e.g., polypropylene (PP), 
polyethylene (PE) and polyethylene terephthalate (PET), regarding such variables 
as biodegradability, carbon footprint and lifecycle impact. 

Methodology:  

1. The proposed framework begins with collection and preparation of a dataset of 200 

to 500 formulations. These bioplastic formulations come from published literature, 

experimental studies and material databases like PolyInfo and Polymer Genome. 

Each record in the dataset includes information like the type of residue used such as 

rice husk, banana peel or sugarcane bagasse as well as the ratios of plasticizer and 

filler and the conditions used to process the bioplastic formulations. The dataset also 

includes the properties of the formulations like tensile strength, elongation at break 

oxygen permeability, water vapor permeability and transparency. 

2. Missing values are then filled in with a method known as k-NN to prepare the dataset 

ready to be used and the k-NN method is also used to remove outliers using the IQR 

method. The data is then normalized using Min-Max normalization and categorical 

variables are encoded using one- encoding. 

3. The models of machine learning are then trained on the data: Random Forest, and a 

Multitask Learning model. The Multitask Learning model is capable of making 

predictions of all five properties of the formulations simultaneously based on the 

interrelations between the properties. . All the models are tested using 5fold cross-

validation and their performance is measured using metrics like R², RMSE and MAE. 

The goal is to get an R² value of than 0.85. SHAP analysis is also used to understand 

how each feature of the formulations affects the predicted properties. 

4. The machine learning models that are validated are then used to optimize the 

formulations. This is done using three strategies: Bayesian Optimization, Genetic 
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Algorithms and Grid Search. The goal of the optimization is to maximize the tensile 

strength and transparency of the formulations while minimizing their permeability. 

5. The optimized bioplastic formulations are then compared to plastics like PP, PE and 

PET using a Life Cycle Assessment. The Life Cycle Assessment looks at the Global 

Warming Potential -Renewable Energy Use and Eutrophication Potential of the 

bioplastic formulations. 

Result and Conclusion: 

The objective of the project is to produce a list of 200-600 bioplastic formulations prepared 

using agricultural waste. This data set will aid in developing models that are capable of 

making predictions on five major properties of bioplastics: 

* Tensile Strength 

* Elongation At Break 

* Oxygen Permeability 

* Water Vapour Permeability 

* Transparency. 

1. All properties are supposed to have their R 2 value more than 0.85. The project is 

based on a form of machine learning known as Multitask Learning. The method will 

assist to enhance precision due to the consideration of relationship patterns among 

various properties. 

2. A method such as SHAP is also applied in the project to learn the influence of various 

ingredients, such as the type of waste, the concentration of plasticizers and their filler 

ratio on the properties of bioplastics. This is with an aim of discovering the food 

packaging standards of the bioplastic formulations. Based on Bayesian Optimization 

and Genetic Algorithms, the project reduces the number of possible formulations to 

only 5 to 10 promising formulations. It is hoped that such optimized bioplastics would 

have a difference in environmental characteristics with standard plastics made of 

petroleum. The project will evaluate the effects of these bioplastics in terms of Life 

Cycle Assessment. 

3. In conclusion this project demonstrates that learning to make bioplastics with the use 

of agricultural waste with machine learning is a strong strategy. Through the use of 

data-driven prediction, optimization, and environmental analysis the project will 

accelerate the discovery of eco- bioplastic formulations to food packaging. 

4. The work serves a purpose of minimizing plastic pollution and increasing the use of 

a circular economy. It assists in bridging it, between large-scale industrial production 

and waste to create sustainable packaging. 
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Future Scope:  

The current study can be improved in different directions to enhance both the robustness 

and practical applicability of the proposed framework for bioplastic development. 

1. Dataset can be expanded using diverse agricultural waste sources 

Further research would include adding to the datasets other types of lignocellulose and 

starch-based agricultural residues (wheat straw, coconut coir, corn starch) into the dataset. 

This growth will enhance the generalization and prediction of the machine learning models 

of a larger range of bioplastic formulations and material characteristics. 

2. Incorporation with real-time experimental data 

This research could also be developed with incorporating formulated machine learning 

models to real-time data collection systems of experiments in the laboratory. This form of 

integration would facilitate adaptive learning and dynamic optimization of bioplastic 

formulations to provide on-the-fly decisions to changing processing conditions and material 

compositions in response to continuously generated experimental data. 

3. Integration of safety and biodegradability assessment models 

The predictive models of toxicity and biodegradability will be also prioritized in the next 

research in order to allow meeting the food safety and environmental standards. Including 

these parameters in the optimization framework, the proposed study will help design 

bioplastics, which are not just high-performing but also safe in contact with food and are 

environmentally safe. 


