MIDOCEAH

|
MIDOCEA[\I
ol Y E RS T W II

Midocean University
College of Informatics

Master of Science in Artificial Intelligence

Master Thesis Proposal:

" Al in Waste Management: Critical Analysis and Future
Research Directions”

Prepared by student:
Hassan Alzahrani
ID (243000595)

Under Supervision of

Prof. Dr. Yasser Abdelhamid
Associate Professor, Faculty of Computers and Information
Technology (EELU)




MlDOCEAN

MIDOCEA]

Abstract

The global waste crisis, exacerbated by industrial expansion and population growth,
poses a significant threat to the environment and public health. Traditional waste
management systems face challenges related to efficiency, particularly in classifying
plastic waste, which constitutes a substantial portion of the problem. This research
proposes the use of artificial intelligence techniques, specifically convolutional neural
networks (CNNs), to develop an accurate waste classification system based on image
data. The study aims to enhance the precision of classifying plastic waste, thereby
contributing to reduced operational costs and improved environmental sustainability
through better recycling processes.

Introduction

Cities worldwide experience an escalating accumulation of waste that negatively impacts
soil quality and biodiversity [1]. Traditional systems are increasingly inadequate in
addressing this challenge, especially with the growing prevalence of plastic waste, which
requires precise classification for effective recycling [2].

Artificial intelligence emerges as a promising solution for this issue. Convolutional
neural networks (CNNs) have demonstrated high efficiency in image classification,
making them suitable for improving waste sorting processes [3]. This research focuses on
leveraging this technology to develop a classification system that enhances the
management of plastic waste, supporting environmental sustainability and contributing to
a cleaner future.

Problem Definition

Waste management encounters significant challenges due to the inaccuracy of manual
sorting and the inefficiency of traditional systems in handling rising waste volumes,
including plastics [2]. Previous studies indicate that artificial intelligence solutions can
improve waste classification, yet there remains a need for more precise systems focused
on image-based data [3]. Additionally, data scarcity can affect training quality,
necessitating the selection of robust and relevant datasets [4].

This research seeks to develop a waste classification system for plastics using artificial
intelligence, emphasizing improved accuracy and efficiency in diverse environments to
support recycling efforts.
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Dataset
Publicly available datasets from Kaggle will be utilized to train and validate the
classification system, with an emphasis on image data related to plastic waste.

Dataset Link Biomar Size & Limitati
Name ker Sample ons
s
Waste https://www.kaggle.com/datasets/techsas | Images 25,077  Binary
Classifica h/waste-classification-data of images  classifica
tion Data recyclabl ' (11,111  tion
¢ . recycla  lacking
gn"l“dm ble, detailed
plastics) 13,96§ plastic
vs. organic = subcateg
organic ) ories
waste
Drinking  https://www.kaggle.com/datasets/arkadiy = Images ~10,00 | Limited
Waste hacks/drinking-waste-classification of 0 to
Classifica drinking  jmages, = drinking
tion waste 4 waste
%’e];:%l;’an d classes  only
HDPE
bottles)
Waste https://www.kaggle.com/datasets/wangzi | Waste ~24,00 Broad
Pictures ang/waste-pictures images 0 categorie
(34 images s without
classes, detailed
1gnc1udm annotatio
plastics) ns
What A https://www.kaggle.com/datasets/aysinde | Waste 330 No
Waste mir/what-a-waste-global-dataset statistics | cities,  images,
Global (includin ' 450repa  but
Dataset g ted data provides
plastics) contextua
1 support
Waste https://www.kaggle.com/datasets/sapal6/ = Extende = ~25,00 Improved
Classifica waste-classification-data-v2 dwaste but still
tion Data images  jmages, lacks
v2 (includin ' 3 detailed
& classes  specifics

plastics)


https://www.kaggle.com/datasets/techsash/waste-classification-data
https://www.kaggle.com/datasets/techsash/waste-classification-data
https://www.kaggle.com/datasets/arkadiyhacks/drinking-waste-classification
https://www.kaggle.com/datasets/arkadiyhacks/drinking-waste-classification
https://www.kaggle.com/datasets/wangziang/waste-pictures
https://www.kaggle.com/datasets/wangziang/waste-pictures
https://www.kaggle.com/datasets/aysindemir/what-a-waste-global-dataset
https://www.kaggle.com/datasets/aysindemir/what-a-waste-global-dataset
https://www.kaggle.com/datasets/sapal6/waste-classification-data-v2
https://www.kaggle.com/datasets/sapal6/waste-classification-data-v2
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Related Work

Previous studies demonstrate the potential of artificial intelligence in waste classification:

e Oise and Konyeha [3] (2024) developed an e-waste classification system
achieving 83% accuracy using CNNss.

e Ahmed et al. [5] (2023) attained 98.95% accuracy in classifying recyclables with

CNNE.

e Bacchin et al. [4] (2024) improved classification by 5.8% using advanced
techniques, though testing was lab-based.

e Nwokedi Egwu and Ugwuanyi [2] (2024) addressed waste management in
underserved communities, but lacked practical application.

e Bozi¢ [6] (2023) discussed environmental sustainability without focusing on

classification.
Related Work Summary

References Datatype Training Model Accuracy | Dataset

Oise et al. [3] E-waste images | CNN 83% Kaggle E-
Waste

Ahmed et al. Recyclable CNN 98.95% Custom

[5] images (ResNet50V2) dataset

Bacchin et al. Synthetic Advanced +5.8% Lab-generated

[4] images techniques boost

Egwu et al. [2] | N/A N/A (Theoretical) | N/A N/A

Bozi¢ [6] N/A N/A (Review) N/A N/A
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Research Objective

The objective is to develop a classification system for plastic waste using convolutional
neural networks (CNNs) to enhance sorting accuracy and support recycling. Sub-
objectives include:

1.

2.

3.

Applying CNNSs to classify waste based on images.
Evaluating performance using metrics such as accuracy and recall.

Comparing results with traditional methods to demonstrate efficiency.

Research Plan

1.

Data Collection: Selected Kaggle datasets will be utilized, focusing on plastic
waste.

Data Preprocessing: Images will be prepared to ensure classification quality.
Feature Extraction: CNNs will be applied to extract image features.
Model Training: A CNN model will be constructed and trained on labeled data.

Validation and Testing: The system will be evaluated using simulated scenarios
to assess accuracy.

Optimization: The model will be refined based on results to improve
performance.

Deployment: A framework will be proposed for applying the system in recycling
facilities.
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Summary research paper's:

Paper 1: "Deep Learning System for E-Waste Management"

This research paper, authored by Oise and Konyeha in 2024, explores the potential of
deep learning to improve the efficiency and effectiveness of e-waste management
through automated sorting. The primary objective is to utilize artificial intelligence,
specifically a Convolutional Neural Network (CNN), to develop a system capable of
categorizing e-waste more accurately, reducing manual labor, and increasing sorting
efficiency. Given the growing challenge of e-waste in urban areas, the study addresses a
critical gap in waste management by leveraging technology for automated solutions.

The method relies on a sequential neural network design built in Python, using
popular libraries like TensorFlow and Keras libraries. The research employed a
dataset from Kaggle, containing labeled images of various e-waste types. This dataset
was divided into 3,600 images across 12 distinct categories to train, validate, and test
the model's classification capabilities. Following extensive training, the CNN model
achieved a classification accuracy of 83%, suggesting that Al-based models hold
significant promise for categorizing e-waste effectively.

Key strengths of the study include its rigorous approach to model training and validation,
a graphical user interface (GUI) for user-friendliness, and a focus on solving urban waste
issues where traditional methods often fall short. However, the study is limited by its
dataset size, making scalability larger, real-world applications uncertain. Despite this
limitation, the study provides a foundational approach for future e-waste management
solutions, particularly in densely populated urban settings where e-waste presents a
pressing environmental issue.
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Paper 2: "Implementing Al-Driven Waste Management in Underserved
Communities"

In this paper, Nwokedi Egwu and Ugwuanyi (2024) discuss how artificial intelligence can
transform waste management systems into underserved communities, where waste
collection and disposal often face socioeconomic and infrastructural challenges. This
theoretical paper proposes that Al can play a central role in optimizing waste collection
routes, lowering operational costs, and promoting community involvement in sustainable
waste practices.

In this study, the authors look into how Al-driven tools like 0T sensors, predictive
analytics, and optimization algorithms can help create more efficient waste management
systems. The paper emphasizes the importance of considering socioeconomic factors,
as well as potential privacy and infrastructural limitations that may arise in such
communities.

The study highlights how Al can simplify waste collection, cut costs, and encourage
community involvement in sustainable practices.

The strengths of this research lie in its comprehensive approach to understanding the
broader social and economic implications of Al implementation in underserved areas.
However, the study lacks empirical data or field experimentation, which constrains its
practical applicability. For policymakers and stakeholders in underserved regions, the
insights provided in this study are valuable for developing waste management strategies
that incorporate advanced technology while addressing local challenges.
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Paper 3: "Leveraging Al for a Circular Economy: Opportunities, Challenges, and
Mitigation Strategies™

Bozi¢ (2023) investigates the role of artificial intelligence in fostering a circular economy,
which emphasizes waste reduction, recycling, and efficient resource use. The study
conducts a comprehensive literature review to examine how Al applications, particularly
machine learning, contribute to the circular economy in areas such as waste
management, recycling processes, and predictive maintenance.

This paper’s methodology involves reviewing existing research on Al's applications
within circular economic sectors. Key findings highlight Al's potential to optimize supply
chains, improve recycling operations, and provide decision-making support for policy
development. One of the study’s strengths is how it deeply explores both the pros and
cons of using Al in circular economy efforts, looking at concerns like privacy, reliance on
data, and possible job loss.

However, the paper is theoretical and lacks practical insights or real-world validation,
limiting its utility for direct implementation. Despite this limitation, the paper serves as a
valuable resource for stakeholders and policymakers interested in adopting Al to support
circular economic objectives in a sustainable manner.
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Paper 4: "Leveraging Artificial Intelligence for Sustainable Development and
Environmental Resilience"

In this study, Yadav (2024) explores the broad applications of Al in promoting
sustainable development, with a focus on enhancing environmental resilience. The
research examines how Al can contribute to various sustainable development goals
(SDGs), particularly in areas such as waste management, climate modeling, energy
optimization, and biodiversity conservation.

The paper uses a literature review methodology, drawing insights from case studies that
showcase Al applications across these domains. Key findings underscore Al’s potential
to advance environmental monitoring, optimize resource use, and predict environmental
risks, thereby contributing to sustainable development. One of the paper’s strengths is
its wide-ranging scope, which allows it to address multiple aspects of environmental
resilience and ethical considerations in Al deployment.

However, the research adopts a generalized approach, limiting its depth on specific Al
technologies or case studies related to waste management. For environmentalists and
policymakers, this paper offers a broad framework for integrating Al into sustainable
development initiatives, particularly in areas where comprehensive environmental
strategies are required.
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Paper 5: "Deep Learning Approach to Recyclable Product Classification"

Ahmed et al. (2023) presents a study focused on enhancing recyclable product
classification through advanced convolutional neural networks (CNNs). The research
aims to increase recycling efficiency by improving the accuracy of recyclable item
sorting, which could reduce the need for manual labor and minimize errors in recycling
facilities.

The methodology involves the use of several pre-trained CNN models, including
DenseNet169, MobileNetV2, and ResNet50V2, to categorize recyclables accurately. The
study achieved an impressive classification accuracy of up to 98.95%, demonstrating the
strong potential of deep learning in automating recycling processes. This high accuracy
rate positions deep learning as a viable alternative to traditional manual sorting.

The study’s strengths lie in its careful use of different CNN models and successful
application of transfer learning. However, the study heavily depends on labeled datasets,

which may limit its generalizability and increase the risk of overfitting in cases with
constrained data availability. For recycling facilities seeking automated sorting systems,
this study presents a promising solution to reduce labor requirements and improve
sorting accuracy.
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Paper 6: "Waste GAN: Data Augmentation for Robotic Waste Sorting"

Bacchin et al. (2024) introduce Waste GAN, a novel tool for data augmentation designed
to enhance robotic waste sorting systems by generating synthetic data. The study
addresses the challenge of limited datasets in waste management by using Generative
Adversarial Networks (GANSs) to create additional training data. Waste GAN was tested
in real-world settings using a robotic arm in controlled lab conditions.

Key findings indicate that the Waste GAN tool improved sorting accuracy by 5.8%,
highlighting GANs’ effectiveness in augmenting datasets for robotic systems. The main
strength of this study is its creative approach to data augmentation and testing robotic
technology in real-life conditions.

However, the research is limited by its testing environment, which was confined to static,
controlled lab settings rather than diverse, real-world waste environments.

WasteGAN offers a valuable solution for robotics-driven waste management systems
that require robust data augmentation, improving the reliability and functionality of Al
models in complex waste scenarios.
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Critical Analysis

The analysis of these studies reveals the emerging role of Al in waste management,
showing its ability to enhance efficiency, accuracy, and cost-saving potential in both
urban and underserved communities. Each study offers a unique viewpoint, but shared
limitations suggest areas that could benefit from further refinement.

For example, Oise and Kony Eha’s work on e-waste management introduces a
comprehensive framework, but its scalability is limited due to a smaller dataset. Ahmed
et al. highlight CNNs' effectiveness in waste sorting through high accuracy rates, but
their findings also expose a key issue: in situations with limited data, models may overfit,
compromising reliability.

Theoretical research, like that of Egwu and Ugwuanyi, addresses social and economic
factors, showing the potential positive impact of Al on communities. However, these
ideas lack empirical validation, making them less applicable in practical terms. Similarly,
Bozi¢’s literature review provides strategic insights but remains largely theoretical,
lacking clear, actionable guidance.

Innovative approaches, such as Bacchin et al.'s use of GANs for synthetic data
generation, show promise in improving sorting accuracy. However, since these methods
are only tested in controlled lab conditions, it's uncertain how they would perform in real-
world settings. Yadav’s broader exploration of Al in environmental resilience is insightful
but doesn’t focus deeply on waste management, which may limit its immediate
relevance.

In summary, these studies underscore Al’s potential in waste management while pointing
to critical gaps. More field-based research, real-world testing, and diverse data sources
are needed to fully realize Al’s promise in this area.
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Connections

These papers all highlight how Al can improve waste management. However,
they also show some differences in methods, data requirements, and real-world
applications.

1. Shared Focus on Waste Optimization: Most papers target waste sorting and
classification improvements using Al, particularly CNNs. Studies by Oise and
Kony Eha and Ahmed et al. align in proving CNN’s efficacy in automating waste
sorting, suggesting it as a promising replacement for manual methods.

2. Data Dependency: Limited labeled datasets are a common hurdle. Waste GAN
by Bacchin et al. offers a solution with data augmentation through GANs, helping
mitigate data scarcity—a method that could enhance Al models across studies
reliant on large datasets.

3. Socioeconomic Considerations: Unlike other studies focused solely on
technology, Nwokedi Egwu and Ugwuanyi consider socioeconomic factors in
underserved communities, highlighting that infrastructure limitations may restrict
Al’s practical application. This underscores a need for adaptable, context-aware
Al solutions.

4. Theory vs. Practice: Bozi¢ and Yadav’s theoretical insights into Al’s role in
circular economies and sustainability provide strategic guidance but lack
empirical validation. This contrasts with the practical, data-driven models in other
studies, revealing a gap between conceptual frameworks and real-world testing.

5. Scalability Challenges: Success in controlled environments doesn’t guarantee
real-world applicability. Both Oise and Konyeha’s and WasteGAN’s methods
show strong lab results but need further testing for diverse, large-scale waste
scenarios, pointing to scalability as a common limitation.

In summary, while these studies agree on Al's promise for waste management, they
highlight conflicts in data requirements, scalability, and context-sensitive implementation,
underscoring the need for more adaptable and empirically validated approaches.
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Conflicts Between Findings

1. Data Dependency vs. Feasibility: High-accuracy models from Oise and
Konyeha, and Ahmed et al. rely on large datasets, conflicting with Nwokedi Egwu
and Ugwuanyi’s view that underserved areas lack the infrastructure to support
data-intensive Al solutions.

2. Theoretical vs. Practical Insights: Bozi¢ and Yadav’s theoretical work contrasts
with WasteGAN’s practical, though lab-limited, results. This highlights a gap
between Al’'s potential benefits and tested, real-world applications.

3. Scalability: Oise and Konyeha'’s high lab-based accuracy may not translate to
diverse real-world settings, conflicting with studies emphasizing scalability
challenges in broader applications.

4. Socioeconomic Focus vs. Technological Efficiency: Nwokedi Egwu and
Ugwuanyi stress socio-economic considerations in underserved areas, while
other studies focus on technological performance, overlooking context-specific
needs.

These differences highlight the need for Al solutions that not only work well technically
but are also practical and adaptable for different situations

Synthesis Matrix for Literature Review:

Study | Authors Year | Research Key Methodology Limitations
Design Findings/Results
1 Oise and Kony 2024 | Empirical study | Achieved 83% Sequential Small dataset,
Eha with deep accuracy in e- neural network | affecting
learning model waste sorting using scalability in large-
training and with CNN, TensorFlow scale applications
validation indicating Al's and Keras,
feasibility for trained on
waste 3,600 labeled
categorization e-waste
images
2 Nwokedi Egwu 2024 | Theoretical Highlighted Al's Analyzed Al Lack of empirical
and Ugwuanyi framework with | potential for route | tools like loT data and field
socio-economic | optimization and | sensors and validation limits
analysis cost reduction in | optimization real-world
underserved algorithms, applicability
communities considering
socio-
economic
factors
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3 Bozi¢ 2023 | Literature review | Found Al Reviewed Theoretical
on Al effective in literature on approach lacks
applications in optimizing supply | machine direct practical
circular chains and learning's implementation
economy recycling in benefits and insights
circular economy | risks in circular
initiatives economy
sectors
4 Yadav 2024 | Literature review | Indicated Al’s Reviewed Al General findings
with role in applications in | with limited focus
environmental environmental climate on specific Al
case studies monitoring and modeling, applications in
resource energy use, waste
optimization for and management
sustainability biodiversity
using case
studies
5 Ahmed et al. 2023 | Empirical study | High Utilized Dependency on
using pre- classification DenseNet169, | large labeled
trained CNNs accuracy of MobileNetV2, datasets, with
for classification | 98.95% in and potential risk of
recyclable sorting | ResNet50V2 overfitting
with CNN models | for image
classification
of recyclables
6 Bacchin et al. 2024 | Empirical study | Enhanced robotic | Developed Tested only in
with GAN-based | sorting accuracy | WasteGAN for | controlled lab
data by 5.8% using data settings, limiting
augmentation GAN-generated augmentation | real-world
and robotic data for training and tested applicability
testing robotic sorting
in lab
conditions
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