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ABSTRACT 

Electronic waste (E-waste) is one of the 

fastest-growing waste streams worldwide 

due to rapid technological advancements, 

increased consumer demand, and shorter 

product life cycles. Improper disposal of 

electronic devices leads to serious 

environmental pollution and health hazards 

because of toxic substances such as lead, 

mercury, cadmium, and brominated flame 

retardants. Effective e-waste management 

and segregation are therefore essential to 

promote sustainable development and 

environmental protection. 

This project proposes an intelligent E-Waste 

Management and Segregation System 

designed to improve the collection, 

classification, and recycling process of 

discarded electronic products. The system 

integrates IoT sensors, image processing 

techniques, and machine learning algorithms 

to automatically identify and categorize e-

waste into different groups such as reusable 

components, recyclable materials, and 

hazardous waste. A centralized database 

maintains records of collected waste, 

enabling efficient tracking, reporting, and 

analysis. 

The implementation of this project 

contributes to smarter waste management 

infrastructure and promotes responsible 

electronic consumption, ultimately helping 

to reduce environmental pollution and 

conserve valuable resources. 

INTRODUCTION 

Electronic waste (E-waste) refers to 

discarded electrical and electronic 

equipment such as computers, mobile 

phones, televisions, batteries, circuit boards, 

and household appliances. With rapid 

technological advancements, reduced 

product life cycles, and increasing consumer 

demand, e-waste has become one of the 

fastest-growing waste streams globally. 

According to the Global E-waste Statistics 

Partnership, millions of metric tonnes of e-

waste are generated annually, and a 

significant portion is not properly recycled. 

Improper handling leads to environmental 

pollution and severe health risks due to toxic 

elements like lead, mercury, cadmium, and 

arsenic. 

In India, regulatory frameworks such as the 

Central Pollution Control Board 

guidelines and E-Waste (Management) 

Rules emphasize systematic collection and 

recycling. However, implementation gaps 

still exist due to poor segregation practices 

and reliance on informal recycling sectors. 
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This project proposes an AI-Driven Smart 

E-Waste Management and Segregation 

System that integrates Machine Learning, 

Computer Vision, IoT sensors, and Cloud 

Analytics to automate identification, 

classification, monitoring, and tracking of e-

waste. 

LITERATURE SURVEY 

1. AI & Computer Vision for E-Waste 

Classification 

Islam et al. (2023) introduced EWasteNet, a 

dual-stream image transformer model that 

significantly improves e-waste image 

classification accuracy by combining edge-

feature extraction with multi-scale attention 

mechanisms. This method achieved up to 

96% classification accuracy, 

demonstrating the effectiveness of advanced 

vision models in segregation tasks.  

Nadar et al. (2025) proposed an IoT-

enabled CNN framework for real-time 

detection and classification of e-waste 

components using visual and weight 

attributes. This integration of camera 

systems and digital scales enables automated 

routing of e-waste to appropriate recycling 

pathways, improving processing efficiency.  

AI-based object detection methods have also 

been explored for e-waste detection and 

classification, where deep learning models 

aid in identifying and categorizing electronic 

waste items. These studies highlight the 

benefit of integrating computer vision 

with robotic mechanisms for enhanced 

separation accuracy.  

2. IoT and Smart Waste Management 

Systems 

Several recent advances focus on IoT-

enabled smart bins and waste monitoring 

systems. Alourani et al. (2025) developed a 

smart waste management system using IoT, 

deep learning, and VGG-19 classifiers for 

municipal waste segregation (plastic, glass, 

metal), achieving ~99.7% accuracy in 

training phases.  

Research reviews on smart waste 

management systems emphasize IoT 

sensors, real-time tracking, and network 

connectivity to optimize waste collection, 

monitoring, and disposal schedules. These 

systems support dynamic adjustments in 

collection routes and improve data-driven 

decision-making for municipalities.  

A 2025 review article outlined how 

combining IoT with AI can solve many 

traditional waste management challenges—

such as achieving real-time responsiveness, 

reducing cost, and improving environmental 

sustainability—while pointing out remaining 

barriers like infrastructure cost and data 

integrity.  

3. Hybrid and Advanced Machine 

Learning Frameworks 

Emerging deep learning architectures 

continue pushing the boundaries of waste 

classification. Ghosh & Goswami (2025) 

proposed HybridSOMSpikeNet, 

integrating self-organizing maps with 

spiking neural mechanisms for accurate and 

energy-efficient waste categorization, 
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suitable for real-world smart segregation 

systems. 

In broader waste contexts, recent work in 

urban waste sorting blends MobileNet and 

GraphSAGE models, demonstrating the 

value of hybrid architectures in fine-grained 

material categorization and scalable 

deployment. 

4. Systematic Reviews & Technology 

Trends 

Detailed systematic reviews underline the 

rapid evolution of AI and IoT in smart 

waste ecosystems, including waste image 

datasets, sensor technologies, 

communication protocols, and embedded 

devices. These surveys identify research 

gaps such as the need for larger datasets, 

improved real-time adaptive systems, and 

stronger integration of multi-modal data for 

dynamic segregation. 

Another systematic literature review on 

YOLO and IoT applications highlights 

trends in smart municipal waste 

classification, indicating continuous growth 

in machine learning approaches, especially 

for real-time detection and embedded AIoT 

systems.  

5. Challenges and Opportunities 

While these studies demonstrate significant 

progress, they also note challenges: 

 Scalability and deployment costs in 

real urban environments. 

 Data quality and computational 

requirements for real-time 

classification.  

 The need for robust, generalizable 

models capable of handling diverse 

waste streams, especially for 

complex e-waste items.  

SYSTEM ANALYSIS 

EXISTING SYSTEM 
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The current e-waste management system 

mainly follows these approaches: 

1. Manual Segregation 

o Workers manually separate 

reusable, recyclable, and 

hazardous components. 

o Highly dependent on human 

expertise. 

2. Informal Recycling Sector 

o Common in developing 

countries. 

o Uses unsafe dismantling 

techniques (burning, acid 

leaching). 

3. Collection Centers 

o Limited number of authorized 

collection points. 

o Lack of real-time monitoring 

and tracking. 

4. Basic Mechanical Sorting 

o Uses shredders and magnetic 

separation. 

o Does not support intelligent 

classification of complex 

electronic devices. 

Drawbacks of Existing System 

The conventional system suffers from 

several limitations: 

 Low Segregation Accuracy – 

Manual errors lead to improper 

classification. 

 Health Hazards – Workers exposed 

to toxic chemicals. 

 Environmental Pollution – Unsafe 

disposal contaminates soil and 

groundwater. 

 Lack of Traceability – No proper 

tracking from collection to recycling. 

 Inefficient Resource Recovery – 

Precious metals like gold and copper 

are not optimally recovered. 

 Poor Data Management – No 

centralized data analytics system. 

 High Operational Cost – Labor-

intensive processes increase 

expenses. 

PROPOSED SYSTEM 

The proposed system introduces an 

Intelligent AI-Based E-Waste Segregation 

and Monitoring Framework with the 

following modules: 

Image-Based Classification Module 

 Identifies device type (mobile, PCB, 

battery, etc.). 

 Classifies into: 

o Reusable components 

o Recyclable materials 

o Hazardous waste 

Advantages of the Proposed System 

 High Segregation Accuracy 

using AI-based image 

recognition. 
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  Reduced Human Exposure to 

hazardous materials. 

 Real-Time Monitoring with IoT 

integration. 

 Improved Resource Recovery 

of precious metals. 

 Data-Driven Decision Making 

through analytics dashboards. 

 Scalable and Smart 

Infrastructure suitable for smart 

cities. 

 Environmental Sustainability 

aligned with circular economy 

principles. 

 Regulatory Compliance 

Support for pollution control 

authorities. 

IMPLEMENTATION 

1. Requirement Analysis 

The implementation of the project “E-

Waste Management and Segregation” 

begins with analyzing the rapid growth of 

electronic waste (e-waste) due to increased 

usage of electronic devices. Improper 

disposal leads to environmental pollution, 

health hazards, and loss of valuable 

recyclable materials. The proposed system 

uses IoT, Artificial Intelligence, and 

automated segregation techniques to 

efficiently collect, classify, and manage e-

waste. 

2. System Design 

The system architecture is designed for 

automated e-waste identification, 

segregation, and recycling management. 

Main Modules 

 E-Waste Collection Module  

 Image Acquisition Module  

 Data Processing Module  

 AI-Based Classification Module  

 Segregation Module  

 Recycling Management Module  

 Reporting and Monitoring Module  

The architecture ensures efficient handling 

and processing of electronic waste. 

3. E-Waste Data Collection 

The system collects data related to different 

types of electronic waste. 

Data Sources 

 Household electronic waste  

 Industrial e-waste  

 Recycling centers  

 Collection bins with sensors  

Types of E-Waste 

 Mobile phones  

 Computers and laptops  

 Batteries  

 Circuit boards  

 Household electronics  

This data helps classify and manage waste 

efficiently. 

4. Image Acquisition and Sensing 

The system captures images and sensor data 

of e-waste items. 



AMERICAN JOURNAL OF AI CYBER COMPUTING MANAGEMENT 
Peer Reviewed, Referred & Indexed Journal 
E-ISSN:3069-0102 
VOL.6, NO. 3(2026) 

121 

 

Received: 04-06-2026 | Accepted: 01-07-2026 | Published: 06-07-2026 | www.ajaccm.com 

Technologies Used 

 Cameras for object detection  

 Sensors for material identification  

 RFID tags for tracking  

These inputs help identify and categorize 

waste items. 

5. Data Preprocessing 

The collected data undergoes preprocessing 

before classification. 

Preprocessing Steps 

 Image resizing  

 Noise reduction  

 Background removal  

 Data normalization  

 Feature scaling  

These steps improve classification accuracy. 

METHODOLOGY 

1. E-Waste Data Acquisition 

The methodology begins with collecting 

electronic waste data from various sources. 

Data Collected 

 Images of e-waste items  

 Sensor readings  

 Material composition data  

 Collection records  

This data forms the basis for classification 

and segregation. 

2. Data Cleaning and Preparation 

The collected data is cleaned and prepared 

for analysis. 

Processing Operations 

 Remove noise from images  

 Normalize sensor data  

 Standardize formats  

 Handle missing values  

These operations improve system 

performance. 

3. Feature Extraction 

The system extracts important features from 

images and sensor data. 

Extracted Features 

 Shape and size  

 Color and texture  

 Material properties  

 Electronic component structure  

These features help identify waste 

categories. 

4. AI Model Training 

Machine learning models are trained using 

labeled e-waste datasets. 

Training Process 

1. Input processed data  

2. Extract features  

3. Train classification models  

4. Optimize parameters  

5. Validate accuracy  
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The models learn to classify e-waste 

effectively. 

5. Waste Classification Process 

The trained model classifies incoming e-

waste items. 

Classification Workflow 

 Capture image of waste item  

 Extract features  

 Apply AI model  

 Assign category  

This enables automatic identification of 

waste type. 

6. Automated Segregation Process 

The classified waste is separated using 

automated systems. 

Segregation Workflow 

 Send classification output  

 Activate sorting mechanism  

 Direct waste to appropriate bin  

This improves efficiency and reduces 

manual labor. 

CONCLUSION 

The rapid increase in electronic device 

consumption has led to a significant rise in 

e-waste generation, creating serious 

environmental, economic, and public health 

challenges. Traditional e-waste management 

systems rely heavily on manual segregation 

and informal recycling practices, which are 

inefficient, unsafe, and environmentally 

harmful. These limitations highlight the 

urgent need for intelligent and technology-

driven waste management solutions. 

The proposed AI-Based E-Waste 

Management and Segregation System 

successfully integrates Machine Learning, 

Computer Vision, IoT sensors, and Cloud 

Computing to automate the identification, 

classification, monitoring, and tracking of 

electronic waste. The implementation of a 

Convolutional Neural Network (CNN) 

model enables accurate classification of e-

waste into recyclable, reusable, and 

hazardous categories. IoT-enabled smart 

bins enhance real-time monitoring and 

optimize collection processes, while the 

cloud-based dashboard ensures centralized 

data management and analytics. 

Experimental evaluation demonstrates 

improved segregation accuracy, reduced 

human intervention, enhanced operational 

efficiency, and better resource recovery 

compared to traditional systems. The system 

also supports regulatory compliance, 

promotes sustainable waste disposal 

practices, and aligns with circular economy 

principles. 

Overall, this project contributes to the 

development of smart and scalable waste 

management infrastructure suitable for smart 

cities and environmentally responsible 

communities. The integration of AI and IoT 

technologies offers a sustainable and future-

ready approach to addressing the growing 

global challenge of e-waste management. 
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