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Abstract - Electronic waste (E-waste) is one of the
fastest-growing waste streams in the world due to rapid
technological advancements and frequent replacement
of electronic devices. Improper disposal of electronic
waste leads to severe environmental and health hazards
because it contains toxic materials such as lead,
mercury, cadmium, and arsenic. Traditional waste
management systems rely on manual monitoring and
inefficient collection processes, which often result in
illegal dumping and delayed recycling operations.

This paper proposes an IoT-based Smart E-Waste
Management System that enables efficient
monitoring, tracking and management of electronic
waste through smart sensors and real- time
communication technologies. The proposed system
integrates sensor-enabled smart bins,
microcontrollers, IoT communication modules, and
cloud-based monitoring platforms to detect and track
the level of electronic waste deposited in designated
bins. Sensors such as ultrasonic sensors and weight
sensors measure the bin capacity

Keywords: IloT, E-Waste Management, Smart City,
Environmental Monitoring, Smart Sensors, Waste
Recycling.

1.INTRODUCTION

The rapid expansion of the electronics industry has
significantly increased the generation of electronic
waste worldwide. Devices such as computers,
smartphones, televisions, and electronic appliances
have shorter life cycles due to rapid technological
development and consumer demand for newer models.
As a result, millions of tons of electronic waste are
generated every year, creating serious environmental
challenges [1].

Electronic waste contains hazardous materials
transmit the data to a cloud server through wireless
communication modules.

The collected data is processed in real time and
displayed on a web-based dashboard, allowing waste

management authorities to monitor bin status and
optimize waste collection routes. When the bin reaches
a predefined threshold level, automated notifications
are sent to the collection authorities to initiate timely
waste pickup. The implementation of such an
intelligent monitoring system can significantly improve
waste management efficiency while reducing
environmental pollution.

Experimental evaluation shows that the proposed loT-
enabled system improves collection efficiency, reduces
operational costs, and supports sustainable urban waste
management practices. The system can play a crucial
role in smart city initiatives and environmental
protection efforts.

including heavy metals and toxic chemicals that can
contaminate soil, water, and air if not properly

managed [2]. Traditional waste management systems
are often inefficient and lack proper monitoring
mechanisms, leading to delayed waste

collection and improper disposal practices. Many
developing countries face additional challenges due

to limited infrastructure and lack of awareness
regarding safe electronic waste recycling.

The Internet of Things (IoT) has emerged as a
powerful technology that enables interconnected
devices to communicate and exchange data through the
internet. IoT-based solutions have been successfully
applied in various smart city applications such as smart
transportation, environmental monitoring, and waste
management systems [3]. In this research, an loT-based
Smart E-Waste Management System is proposed to
improve the monitoring and management of electronic
waste collection. The system utilizes smart bins
equipped with sensors to detect waste levels and
transmit data to a centralized cloud platform for real-
time monitoring. By automating the waste monitoring

process, the proposed system helps improve
operational efficiency and ensures timely waste
collection.
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Fig.1 Architecture of bin

2. Body of Paper

2.1 Literature Review

Several studies have explored the use of IoT technology
for improving waste management systems. Kumar et al.
developed a smart garbage monitoring system that uses
ultrasonic sensors to detect bin fill levels and transmit
data to municipal authorities through IoT networks [4].
Their system demonstrated improved efficiency in
municipal waste collection; however, it did not
specifically address electronic waste management.

Zhang et al. proposed a cloud-based waste monitoring
framework that integrates wireless sensors and mobile
applications to provide real- time waste status updates
[5]. Although their approach improved data accessibility
and monitoring capabilities, it primarily focused on
household waste rather than hazardous electronic waste.

Patel and Shah introduced an RFID-based electronic
product tracking system to monitor electronic waste
during recycling processes [6]. While their system
enhanced traceability, it lacked real-time monitoring and
automated notification features.

Despite these advancements, most existing research
focuses on general waste management systems

and lacks specialized solutions for electronic waste
monitoring and collection optimization. Therefore, there
is a need for an intelligent IoT- based system that can
efficiently manage electronic waste disposal and
recycling processes.

2.2 Proposed System Architecture

The proposed [oT-based Smart E-Waste Management
System consists of multiple integrated modules
designed to monitor and manage electronic waste
collection efficiently.

Major Components

Smart E-Waste Bin

Sensor Module (Ultrasonic + Weight
Sensor)

Microcontroller (Arduino/ESP32)

IoT Communication Module (Wi-Fi/GSM)
Cloud Database Server

Monitoring Dashboard

Notification System
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2.3 Methodology

Step 1: Waste Detection

Ultrasonic sensors and weight sensors are installed inside
smart bins to detect the level and amount of electronic
waste deposited.

Step 2: Data Processing

A microcontroller processes the collected sensor data and
determines whether the bin has reached the threshold
level.

Step 3: IoT Communication

The processed data is transmitted to the cloud server
using wireless communication modules such as Wi-Fi or
GSM.

Step 4: Data Storage
The cloud platform stores the data in a centralized
database for monitoring and analysis.
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Step 5: Notification System

If the waste level exceeds the defined limit, the system
automatically sends alerts to waste collection authorities
through mobile applications or SMS notifications.

Average Accuracy = 96.6%

2.4 Experimental Results

To evaluate the system performance, the following Table 2 System Response Time

parameters were analyzed: . Alert
Detectio . Response
Test . Time X
1.Waste Detection Accuracy n Time (sec) Time
2.Response Time (sec)
3.Collection Efficiency
4.System Reliability 1 3 7 4 sec
5.Network Communication Delay
Waste Level Detection Formula 2 8
4 4 sec
The ultrasonic sensor measures the distance between the
sensor and waste surface. 3 ~
3 4 sec
WasteLevel = BinHeight — MeasuredDistance
4 9
Where: 4 5 sec
*BinHeight = Total height of bin
*MeasuredDistance = Distance measured by ultrasonic
sensor 5 3 8 5 sec
Bin Fill Ratio:
Wastelevel
FillRatio = Average Response Time = 4.4 seconds
TotalBinHelght Table 3 Collection Efficiency Comparison
Collection Efficiency. . System Efficiency
Fill Ratio = Collected Waste/
Total G ted Waste*100 —
enerate aste Traditional Waste System 68%
System Response Time
ResponseTime = AlertTime — DetectionTime Smart IoT System 92%
2. ive Analysi
Table 1 Waste Detection Accuracy S Comparative Analysis
Table 4 System Comparison
Actual
Test Detected Accuracy
Waste e
No Level (cm) (%) Feature Traditional Proposed
Lavulie) Waste System IoT System
1 5 4.8 96 Monitoring Manual Automatic
2 10 9.7 97 Alert System No Yes
3 15 14.6 97 Real-Time Data
No Yes
4 20 19.2 96
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2.6 Advantages

e Real-time monitoring of electronic waste bins
e Reduced environmental pollution

o Efficient waste collection scheduling

¢ Lower operational costs

e Support for smart city infrastructure

2.7 Future Work
Future improvements may include:

* Integration of Al-based waste classification
* Implementation of solar-powered [oT nodes

* Development of mobile applications for
citizens

* Integration with  smart
management platforms

city  waste

3. Conclusion

This research presents an loT-based Smart E-
Waste Management System designed to improve the
efficiency of electronic waste monitoring and collection.
By integrating smart sensors, loT communication
modules, and cloud-based monitoring platforms, the
system enables real-time tracking of waste bins and
automated notification to collection authorities. The
proposed system significantly improves waste collection
efficiency while reducing operational costs and
environmental impact. Future research can integrate
machine learning algorithms for automated e-waste
classification and predictive waste management systems.
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