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ABSTRACT: Waste management is now one of the main issues facing the world regardless of advanced 

or developing countries. The main problem in waste management is that the waste bin in government 

locations is overflowed well in advance before the next cleaning method starts. 

This project focuses on designing and implementing a smart garbage monitoring system using Internet of 

Things (IoT) technology. The system leverages the ESP8266 microcontroller, IR sensors, and cloud-based 

communication to address inefficiencies in waste management processes. Each garbage bin is equipped 

with IR sensors that continuously monitor the waste level. When the waste level exceeds a predefined 

threshold, the ESP8266 processes the data and triggers an automated email notification to the system 

administrator, indicating the bin's location and status. 

The use of the ESP8266, a low-cost and Wi-Fi-enabled microcontroller, ensures seamless communication 

with cloud services. The system integrates a lightweight SMTP client library to send email notifications, 

ensuring the admin receives real-time alerts. This enables prompt action, reduces manual monitoring 

efforts, and prevents bin overflow, thus contributing to a cleaner and healthier environment. 

The solution is designed to be scalable and cost-effective, making it suitable for deployment in urban, 

suburban, and industrial areas. It incorporates a robust architecture, allowing additional features like GPS 

tracking, solar-powered sensors, or predictive waste analytics to be added in the future. By leveraging IoT 

technology, this smart garbage monitoring system promotes efficient resource utilization and aligns with 

smart city initiatives, paving the way for more sustainable waste management practices. 

I. INTRODUCTION 

Waste management has become a significant challenge in modern urban environments due to rapid 

population growth and increased waste generation. Traditional methods of waste collection often involve 

manual monitoring, which is time-consuming, labor-intensive, and inefficient. Overflowing garbage bins 

not only lead to environmental pollution but also pose serious health risks to communities. 

To address these issues, this project leverages the Internet of Things (IoT) to develop a smart garbage 

monitoring system. The system utilizes an ESP8266 microcontroller combined with IR sensors to monitor 

the waste levels in garbage bins. By providing real-time data and automating communication, this solution 

eliminates the need for manual inspections and enhances the efficiency of the waste collection process. 

The ESP8266 microcontroller, equipped with Wi-Fi capabilities, ensures smooth connectivity and enables 

the system to send email notifications to the relevant administrators. The IR sensors installed in the bins 

detect waste levels and trigger alerts when the bin is nearing capacity. This timely notification system 

facilitates faster response times, preventing overflow and reducing the negative impact of uncollected 

garbage. 

 

http://www.ijcrt.org/


www.ijcrt.org                                          © 2024 IJCRT | Volume 12, Issue 12 December 2024 | ISSN: 2320-2882 

IJCRT2412557 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org f119 
 

This project aims to provide a practical and scalable solution to waste management problems, focusing on 

automation and real-time communication. By integrating IoT technologies, the system not only improves 

operational efficiency but also supports the broader goal of developing smarter, more sustainable cities. 

1.1 OVERVIEW 

We are living in the era of Smart cities where everything is planned and systematic. The problem we are 

facing is the population, which is rising rapidly. In recent years, urban migration has skyrocketed. This has 

resulted in the rise of garbage waste everywhere. Dumping of garbage in public places creates a polluted 

environment in the neighbourhood. It could cause several serious diseases to the people living around. 

This will embarrass the evaluation of the affected area. To reduce waste and maintain good hygiene, we 

need a systematic approach to tackle the problem. The traditional way of manually monitoring the wastes 

in waste bins is a complex, cumbersome process and utilizes more human effort, time, and cost which is 

not compatible with the present-day technologies in any way. We propose a solution to this waste problem 

which manages the garbage waste smartly. This research paper proposes an IoT-based smart system based 

on clean waste management that assesses the level of waste on dustbins through sensory systems. In this 

system, the microcontroller is used as a visual connector connecting the sensor and the IoT system. This is 

an advanced method in which waste management is automated. This project IoT Garbage Monitoring 

system is a very innovative system that will help to keep the cities clean. This system monitors the 

garbage bins and informs about the level of garbage collected in the garbage bins via sending E-mail to the 

authorities. 

1.2 OBJECTIVE 

The primary objective of this project is to design and implement a smart garbage monitoring system that 

leverages IoT technology to revolutionize traditional waste management practices. Using IR sensors and 

the ESP8266 microcontroller, the system will monitor the fill levels of garbage bins in real time and 

provide accurate data on their status. To automate the process, the system will send email notifications to 

administrators whenever a bin reaches a predefined capacity, ensuring timely waste collection and 

reducing manual monitoring efforts. By preventing bin overflow and optimizing collection schedules, the 

project aims to enhance waste management efficiency, reduce environmental pollution, and promote 

cleanliness in urban spaces. Additionally, the system is designed to be scalable and adaptable, allowing 

future integration of features like GPS tracking and predictive analytics for smarter resource planning. 

Ultimately, this project supports the development of sustainable, smart city infrastructure by providing a 

cost-effective and environmentally friendly solution to modern waste management challenges. 

1.3 EXISTING SYSTEM 

The current waste management systems in many areas rely heavily on manual processes to monitor and 

collect garbage. In this approach, waste collection teams follow predefined schedules to inspect and empty 

garbage bins, regardless of their fill levels. This leads to several inefficiencies, such as overflowing bins in 

high-usage areas, underutilized collection resources, and increased operational costs due to unnecessary 

trips to partially filled bins. Furthermore, manual monitoring is time-consuming, labor-intensive, and 

prone to delays, which can result in unhygienic conditions and environmental hazards. While some 

modern systems use basic alert mechanisms, they often lack the real-time communication, and automation 

features necessary for scalable and efficient operations. 

1.4 PROPOSED SYSTEM 

The proposed system introduces an IoT-based smart garbage monitoring solution that overcomes the 

limitations of existing methods. Each garbage bin is equipped with IR sensors to detect the fill level in real 

time. The ESP8266 microcontroller processes the sensor data and uses its Wi-Fi capability to send email 

notifications to administrators when the bin reaches a critical level. This ensures timely waste collection 

and prevents overflow. The system automates the monitoring process, reducing the need for manual 

inspections, and optimizes resource utilization by focusing on bins that require immediate attention. 
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2. SYSTEM REQUIREMENTS 

2.1 Hardware Requirements  

 ESP8266, IR Sensor, Jumper wires, Buzzer, Power supply (5V), Breadboard, Resistors, Smartphone or PC 

2.2 SOFTWARE REQUIREMENTS 

 Arduino IDE, ESP8266 Board Support – Install the ESP8266 board via the Arduino IDE Board Manager. 

Libraries: ESP8266WiFi.h – for Wi-Fi connectivity, MailClient.h – to send emails via SMTP (e.g., using 

Gmail). 

 SMTP email account (e.g., Gmail) – for sending email notifications. 

2.3 HARDWARE DESCRIPTION: Node MCU- 

ESP8266: NodeMCU is an open-source firmware for which open-source prototyping board designs are 

available. The name "NodeMCU" combines "node" and "MCU" (micro-controller unit). Strictly speaking, 

the term "NodeMCU" refers to the firmware rather than the associated development kits. NodeMCU was 

created shortly after the ESP8266 came out. On December 30, 2013, Expressive Systems began 

production of the ESP8266.NodeMCU started on 13 Oct 2014, when Hong committed the first file of 

nodemcu-firmware. 

 

Fig.2.3.1 ESP 8266 Board   Fig.2.3.2 ESP 8266 Pin Layout 

 

 

2.4 HARDWARE DESCRIPTION: IR Sensor: 

An IR (Infrared) sensor is a device that detects infrared radiation, which is emitted by all objects above 

absolute zero. There are two main types of IR sensors: active and passive. Active IR sensors consist of a 

transmitter and a receiver. The transmitter emits infrared light, which reflects off nearby objects, and the 

receiver detects this reflected light. These sensors are commonly used in applications like proximity 

sensing and object counting. 

 

 

 

 

 

 

 

Fig.2.4 Infrared sensor module 

 

 

 

 

 

 

 

http://www.ijcrt.org/


www.ijcrt.org                                          © 2024 IJCRT | Volume 12, Issue 12 December 2024 | ISSN: 2320-2882 

IJCRT2412557 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org f121 
 

2.5 HARDWARE DESCRIPTION: Jumper Wires: 

A Jumper wire allows the electric current from one point to another point without resistivity. The 

resistance of the connecting wire should always be near zero. Copper wires have low resistance and are 

therefore suitable for low resistance. 

 

 

 

 

Fig.2.5 Jumper wires 

2.5 HARDWARE DESCRIPTION: Buzzer 

A buzzer or beeper is an audio signaling device, which may be mechanical, electromechanical, or 

piezoelectric (piezo for short). Typical uses of buzzers and beepers include alarm devices, timers, training 

and confirmation of user input such as a mouse click or keystroke. 

 

 

 

 

Fig.2.5 Buzzer 

2.6 HARDWARE DESCRIPTION: Bread Board 

A breadboard is a board used to connect electronic components, such as wires, resistors, capacitors, and 

coils, to conduct various experiments and projects. A breadboard, solderless breadboard, or protoboard is a 

construction base used to build semipermanent prototypes of electronic circuits. 

 

Fig.2.6 Bread Board 

2.7 HARDWARE DESCRIPTION: Resistors 

A resistor is an electrical component that limits or regulates the flow of electrical current in an electronic 

circuit. Resistor is used to resistance the flow of current. When resistor is placed in a circuit, the current 

flow decreases when current passes through the resistor. The part of current energy dissipate in the form of 

heat in resistor, thus decrease the total current. 

 

 

 

Fig.2.7 Resistors 

2.8 SOFTWARE DESCRIPTION: ARDUINO IDE: 

The Arduino IDE (Integrated Development Environment) is a user-friendly software application designed 

for writing, compiling, and uploading code to Arduino boards and other compatible microcontroller 

platforms. It provides an intuitive interface with a text editor for writing code, a console for displaying 
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messages, and a toolbar for commonly used functions such as verifying code, uploading it to the board, 

and accessing the serial monitor. The IDE supports the Arduino programming language, which is based on 

simplified C/C++, making it accessible to beginners while still powerful enough for advanced users. 

Compatible with Windows, macOS, and Linux, the Arduino IDE allows developers to integrate libraries 

and tools easily, enhancing project development. Its cross-platform nature and open-source ecosystem 

make it a go-to choice for electronics enthusiasts and professionals alike. 

 

2.9 SOFTWARE DESCRIPTION: SMPT LIBRARY: 

The SMTP (Simple Mail Transfer Protocol) library for Arduino enables microcontroller boards like the 

ESP8266 or ESP32 to send emails directly through an email server. It simplifies the process of composing 

and sending plain text or HTML emails and supports adding attachments such as images or logs. The 

library integrates seamlessly with popular email services like Gmail and Yahoo, requiring only the SMTP 

server address, port number, and user credentials for setup. It supports secure communication protocols 

like SSL and TLS, ensuring the safe transmission of sensitive data such as login credentials. Designed to 

be lightweight, the library is optimized for microcontrollers with limited memory, making it ideal for IoT 

applications such as sending alerts, notifications, or sensor data via email. 

 

3.0 HARDWARE CONNECTIONS: 

1. ESP8266 to IR Sensor: 

o VCC (IR Sensor) → Vin (ESP8266) 

o GND (IR Sensor) → GND (ESP8266) 

o Output Pin (IR Sensor) → A GPIO pin (e.g., D5) of ESP8266. 

2. ESP8266 Power: 

o Connect Vin to a 5V power source. 

o Connect GND to the negative terminal of the power source. 

3. Email Notification Setup: 

o ESP8266 will handle the software setup for Wi-Fi and SMTP or HTTP APIs for email notifications. 

4. Buzzer: 

o Connect a buzzer o to other GPIO pins. 

 

3.1 CIRCUIT DIAGRAM                                                                                                                                                                                                                                                                         

 

Fig.3.1 Circuit Diagram 
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4.0 SYSTEM IMPLEMENTATION 

4.1 MODULE DESCRIPTION 

The Smart Garbage Monitoring System is designed to automate waste management by detecting the fill 

levels of garbage bins using IR sensors and notifying authorized personnel via email. The system consists 

of multiple interconnected modules that work together seamlessly. 

 

The hardware module includes an ESP8266 microcontroller, IR sensors for detecting garbage levels in 

bins, and a buzzer for local alerts. The IR sensors monitor each bin's status and determine whether it is full 

based on continuous obstruction detection over a predefined time. The buzzer serves as an audible alert 

mechanism, activated whenever a bin is deemed full. 

 

The connectivity module establishes a Wi-Fi connection using the ESP8266. Once connected, the system 

integrates with an SMTP email server to send notifications. It uses predefined credentials to send emails, 

ensuring secure and reliable communication. 

 

The control and logic module manages real-time bin monitoring, counting the number of consecutive 

detections for each bin to confirm if it is full. If a bin is full, the system triggers both local alerts and an 

email notification. The email specifies which bin(s) require attention, ensuring prompt action by the 

responsible party. 

 

The notification module utilizes the ESP Mail Client library for email communication. This module 

constructs the email content dynamically, depending on the bins' status, and sends it to the designated 

recipient. Error handling is also incorporated to log any issues during the email- sending process. 

 

This modular design ensures efficient monitoring, timely notifications, and improved waste management 

processes, making it a practical solution for modern waste management challenges. 

 

4.2 WORKING PRINCIPLE 

The smart garbage system operates based on the interaction between the IR sensor, the ESP8266 

microcontroller, and a Wi-Fi network. The process can be broken down into the following steps: 

1. Garbage Level Detection: The IR sensor is placed at a strategic height within the garbage bin to monitor 

the level of waste. It continuously emits infrared light, which gets reflected back to the sensor if an object 

is present within its range. When the garbage level reaches or exceeds the sensor’s threshold, the reflected 

light is detected, and the sensor generates an output signal. This signal is sent to a designated GPIO pin on 

the ESP8266 (e.g., D5). 

2. Signal Processing: Upon receiving the signal from the IR sensor, the ESP8266 processes the input. If the 

signal indicates that the garbage level is high, the microcontroller triggers actions such as activating an 

LED or a buzzer. These local alerts provide immediate feedback to users near the garbage bin, ensuring 

timely action. 

3. Wi-Fi Communication: The ESP8266 is pre-configured to connect to a Wi-Fi network. Once the signal 

from the IR sensor is processed, the microcontroller uses protocols such as SMTP (Simple Mail Transfer 

Protocol) or HTTP-based APIs (e.g., IFTTT or Firebase) to send an email alert to the administrator. The 

email typically includes a predefined message, such as “The garbage bin is full,” along with optional data 

like timestamps or sensor readings. 

4. Continuous Monitoring: The system is designed for continuous operation. The IR sensor monitors the 

garbage level in real-time, and the ESP8266 remains in standby mode until a trigger event occurs. This 

ensures efficient power consumption and prevents redundant notifications. 
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4.3 FLOW CHART 

 

 

http://www.ijcrt.org/


www.ijcrt.org                                          © 2024 IJCRT | Volume 12, Issue 12 December 2024 | ISSN: 2320-2882 

IJCRT2412557 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org f125 
 

CONCLUSION 

 

The smart garbage system leverages IoT technology to address the challenges of waste management. By 

automating garbage level monitoring and providing real-time alerts, it ensures timely action, reduces 

manual intervention, and maintains cleanliness in public spaces. The system’s scalability, cost-

effectiveness, and potential for further enhancements make it a valuable tool for municipalities, 

businesses, and organizations aiming to improve their waste management practices. As technology 

advances, the system can be expanded with features like machine learning and smart sorting, paving the 

way for a cleaner and more sustainable future. 

 

FUTURE ENHANCEMENT 

 

The Smart Garbage Monitoring System can be enhanced with several improvements. First, integrating 

with IoT platforms like AWS or Google Cloud would allow real-time monitoring through mobile apps, 

enabling remote access to bin status. Adding GPS modules would help track bin locations, especially in 

large areas, for better management. Switching to ultrasonic sensors would improve fill-level accuracy, as 

they can measure distances more reliably than IR sensors, reducing environmental interference. The 

system could also become solar-powered for energy efficiency, lowering operational costs. Implementing 

machine learning algorithms could optimize garbage collection routes and schedules, reducing fuel 

consumption. Additionally, expanding the system to monitor multiple bins across a city would improve 

scalability. User features like reminders for waste segregation or rewards for proper disposal could 

encourage community involvement, making the system smarter and more sustainable for the future. 

 

SAMPLE SCREENSHOTS : System setup 

 

 

 

 

 

 

 

Fig. Prototype Setup 
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SAMPLE SCREENSHOTS : Emails 

 

 

 

 
 

Fig. Test Emails from the System 
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