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Abstract— The increasing rate of urbanization and 

the continuous rise in municipal waste generation 

have placed considerable pressure on existing waste 

management infrastructures. It is estimated that 

global municipal solid waste production will surpass 

3.4 billion tons per year by 2050, while inefficient 

waste collection practices contribute to a significant 

increase in operational expenses. At the same time, 

the adoption of smart waste management 

technologies is expanding rapidly, driven by the 

growing demand for sustainable and efficient urban 

services. Inadequate waste disposal and monitoring 

not only degrade environmental quality but also 

create serious public health concerns and negatively 

affect urban cleanliness. 

Conventional waste management approaches 

primarily depend on predefined collection schedules 

and manual inspection procedures. Such methods 

frequently result in overflowing waste bins, excessive 

fuel consumption, inefficient resource utilization, 

and higher labor costs. Moreover, traditional 

systems lack essential capabilities such as real-time 

monitoring, automated waste segregation, and 

intelligent route planning, limiting their effectiveness 

in modern smart city environments. 

To overcome these limitations, this study proposes 

an IoT-based Smart Trash Bin Management System 

built around the ESP32 microcontroller. The 

proposed system employs ultrasonic sensors to 

continuously monitor the levels of both dry and wet 

waste, while a dedicated moisture detection sensor 

facilitates accurate waste classification. An infrared 

(IR) sensor, integrated with a servo motor 

mechanism, enables contactless lid operation, 

thereby promoting improved hygiene and user 

convenience. The system provides real-time status 

updates through an LCD display and activates a 

buzzer alert when the waste container reaches its 

maximum capacity. Furthermore, IoT-enabled 

communication ensures continuous transmission of 

operational data to cloud-based platforms for remote 

monitoring and management. A GPS module is 

incorporated to provide location tracking, enabling 

optimized collection routes and more efficient waste 

transportation. Overall, the proposed solution 

enhances operational efficiency, reduces 

environmental impact, lowers management costs, 

and contributes to the development of sustainable, 

intelligent, and technology-driven urban waste 

management systems. 

 

1. INDTRODUCTION 

The unprecedented expansion of urban populations, 

coupled with the continuous increase in municipal waste 

generation, has intensified the demand for efficient and 

sustainable waste management solutions. According to 

recent projections, global municipal solid waste 

production is expected to surpass 3.4 billion tons 

annually by 2050 as a result of rapid urbanization, 

economic development, and evolving consumption 

habits [1][2]. Ineffective waste collection and disposal 

practices not only increase operational expenditures but 

also contribute to environmental contamination, 

resource wastage, and public health concerns. 

Simultaneously, the growing adoption of smart waste 

management technologies highlights the increasing 

emphasis on developing intelligent urban infrastructures 

capable of addressing these challenges. Consequently, 

environments such as smart cities, residential 

communities, industrial facilities, and public spaces 

require advanced systems that enable real-time 

monitoring, efficient waste handling, and optimized 

utilization of available resources. Existing waste 

management frameworks primarily depend on 

predetermined collection schedules and manual 

inspections to assess bin status [3]. Although widely 

implemented, these approaches often fail to 

accommodate dynamic waste generation patterns. As a 

result, waste containers may overflow before collection 

https://ijsrem.com/


                          INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH IN ENGINEERING AND MANAGEMENT (IJSREM) 

                       VOLUME: 10 ISSUE: 06 | JUN - 2026                            SJIF RATING: 8.659                                       ISSN: 2582-3930                                                                                                                                               

 

© 2026, IJSREM      | https://ijsrem.com                                                                                                                              |        Page 2 
 

or undergo unnecessary servicing despite having 

sufficient remaining capacity. Such inefficiencies lead 

to increased fuel consumption, excessive labor 

requirements, and elevated operational costs while 

negatively affecting overall sanitation standards [4]. 

Furthermore, conventional systems generally lack 

mechanisms for source-level waste segregation, making 

recycling and environmentally responsible disposal 

processes more challenging. The absence of continuous 

monitoring and communication capabilities further 

restricts the ability of municipal authorities to make 

informed decisions and respond effectively to changing 

waste management demands. 

These shortcomings become particularly evident in real-

world urban environments, where inefficient waste 

handling can significantly impact public health and 

environmental sustainability. Overflowing waste bins 

create unhygienic conditions, generate unpleasant odors, 

and increase the likelihood of disease transmission, 

especially in densely populated regions [5]. In addition, 

poorly planned collection operations result in excessive 

fuel consumption and higher greenhouse gas emissions, 

thereby contributing to environmental degradation [6]. 

The lack of automated waste classification reduces 

recycling efficiency and increases the volume of 

improperly disposed waste. Moreover, the absence of 

real-time notification systems and location-based 

tracking limits the effectiveness of collection scheduling 

and route optimization. These challenges demonstrate 

the necessity for an intelligent IoT-enabled waste 

management system that integrates real-time 

monitoring, automated waste segregation, remote 

communication, and optimized collection strategies. 

Such a system can enhance operational efficiency, 

reduce management costs, minimize environmental 

impact, and support the development of cleaner, 

smarter, and more sustainable urban communities. 

2. LITERATURE SURVEY 

 

Several researchers have investigated innovative 

approaches to improve waste management through the 

integration of emerging technologies such as the 

Internet of Things (IoT), artificial intelligence, wireless 

sensor networks, and data analytics. These studies 

collectively demonstrate the growing importance of 

intelligent systems in addressing the challenges 

associated with increasing urban waste generation. Kaza 

et al. [10] presented a comprehensive global assessment 

of solid waste management practices and future 

projections, emphasizing the anticipated growth in 

waste generation and the necessity for sustainable waste 

handling strategies. Similarly, Bakhouch et al. [11] 

developed an IoT-based waste management framework 

that employed sensors and communication technologies 

to facilitate real-time monitoring of waste bin conditions 

and improve collection efficiency. 

Talari et al. [12] provided an extensive review of IoT-

driven smart city architectures, highlighting the role of 

connected infrastructure, communication networks, and 

intelligent service management in enhancing urban 

operations. In another study, Duhayyim et al. [13] 

introduced a waste classification system based on deep 

reinforcement learning techniques, enabling automated 

recognition and sorting of recyclable materials within 

smart city environments. 

Anagnostopoulos et al. [14] proposed IoT-supported 

waste exchange and collection models designed to 

optimize resource utilization and streamline waste 

handling processes. Beyond waste management 

applications, Avancini et al. [15] demonstrated the 

effectiveness of IoT technology through the 

development of a smart energy metering system capable 

of real-time monitoring and control within smart grid 

infrastructures. Likewise, Bhattacharya [16] explored 

the integration of blockchain and IoT technologies to 

enhance transparency, security, and traceability in 

supply chain management systems. 

During the COVID-19 pandemic, Saha et al. [17] 

introduced an IoT-enabled waste management solution 

that supported contactless monitoring and collection 

operations, thereby reducing human interaction and 

minimizing health risks. Ali et al. [18] further 

contributed to this domain by designing a smart waste 

bin monitoring system that provided continuous 

tracking of municipal waste container status through 

IoT connectivity. 

Additional advancements have been reported through 

the application of wireless sensing and automation 

technologies. Ramson et al. [19] developed a wireless 

sensor network-based smart bin architecture that 

enabled distributed waste monitoring and efficient data 

collection. Similarly, Popa et al. [20] proposed a smart 

city waste management platform that integrated IoT 

devices with centralized management systems to 

automate collection operations and improve decision-
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making processes. Research efforts have also focused 

on waste segregation and classification. Rohit et al. [21] 

designed a dual-bin smart waste segregation model that 

utilized sensor-based detection techniques to separate 

biodegradable and non-biodegradable waste materials. 

Vishnu et al. [22] proposed a comprehensive IoT-driven 

waste management framework incorporating sensing 

technologies, communication networks, and analytical 

tools to support intelligent urban waste handling. 

Furthermore, Arthur et al. [23] conducted a detailed 

survey of smart dustbin technologies employing IoT and 

deep learning approaches, examining various automated 

waste detection and classification methods. 

Hussain et al. [24] presented a comparative evaluation 

of multiple IoT-enabled waste management frameworks 

using multi-agent simulation techniques. Their study 

analyzed the operational performance, efficiency, and 

scalability of different models, providing valuable 

insights into the effectiveness of intelligent waste 

management solutions for smart city applications. 

Overall, the reviewed literature demonstrates significant 

progress in the development of smart waste 

management technologies. However, challenges related 

to real-time monitoring, efficient waste segregation, 

route optimization, cost reduction, and integrated 

system implementation continue to exist. These research 

gaps motivate the development of a comprehensive IoT-

based Smart Trash Bin Management System capable of 

providing intelligent monitoring, automated waste 

classification, and optimized waste collection for 

sustainable urban environments. 

3. PROPOSED SYSTEM  

Figure 1 presents the overall architecture of the 

proposed IoT-Based Smart Bin Management System 

developed using the ESP32 microcontroller. The system 

is designed to facilitate intelligent waste detection, 

classification, monitoring, and management through the 

integration of multiple sensing and communication 

technologies. The architecture consists of two primary 

components: the sensing and data acquisition section 

and the monitoring and control section. The sensing unit 

incorporates ultrasonic sensors, an infrared (IR) sensor, 

and a wet/dry detection sensor to identify waste levels, 

object presence, and waste type. The collected 

information is processed by the ESP32 controller, which 

manages various output devices, including a servo 

motor for waste segregation, an LCD module for real-

time display, and a buzzer for alert generation. 

Furthermore, IoT connectivity enables remote 

monitoring through cloud platforms, while a GPS 

module provides location-tracking capabilities for 

efficient waste collection management. 

Step 1: Regulated Power Supply (RPS) 

The regulated power supply unit delivers a stable and 

reliable voltage to the ESP32 microcontroller and all 

connected sensors and peripheral modules. This ensures 

uninterrupted system operation and protects electronic 

components from voltage fluctuations. 

Step 2: Waste Level Monitoring Using Ultrasonic 

Sensors 

Two ultrasonic sensors are employed to continuously 

monitor the level of waste inside the collection bin. 

These sensors measure the distance between the sensor 

surface and the accumulated waste, allowing the system 

to determine the fill level and identify when collection 

is required. 

Step 3: Waste Presence Detection Through IR 

Sensor 

An infrared sensor is utilized to detect the entry of waste 

materials into the bin. Upon sensing an object, the 

system activates the waste classification and segregation 

process, enabling automated operation without requiring 

manual intervention. 

Step 4: Waste Type Identification Using Wet/Dry 

Sensor 

The wet/dry sensor analyzes the characteristics of the 

detected waste and classifies it as either biodegradable 

(wet waste) or non-biodegradable (dry waste). Accurate 

classification supports effective waste segregation and 

enhances recycling efficiency. 

Step 5: Sensor Data Processing by ESP32 

All sensor-generated data are collected and processed 

by the ESP32 microcontroller. Based on the received 

inputs, the controller determines the waste category, bin 

status, and operational conditions, subsequently 

generating appropriate control signals for system 

components. 

Step 6: Automated Waste Segregation Using Servo 

Motor 

The servo motor operates a mechanical diversion 

mechanism that directs waste into designated 

compartments according to its classification. This 
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automated segregation process minimizes human 

involvement and improves waste management 

efficiency. 

Step 7: Real-Time Information Display 

An LCD module is incorporated to provide real-time 

visualization of system parameters, including waste 

level, segregation status, and operational notifications. 

This enables users and maintenance personnel to 

monitor system performance locally. 

Step 8: Alert Generation Through Buzzer Module 

A buzzer is activated whenever the waste bin reaches its 

predefined capacity limit or when abnormal operating 

conditions are detected. The alert mechanism ensures 

timely attention and prevents waste overflow situations. 

Step 9: IoT-Enabled Remote Monitoring and Data 

Transmission 

The ESP32 transmits sensor data to a cloud-based 

platform through IoT communication protocols. This 

feature enables municipal authorities and system 

administrators to remotely monitor bin status, waste 

accumulation levels, and overall system performance in 

real time. 

Step 10: GPS-Based Location Tracking and Route 

Optimization 

The integrated GPS module continuously provides 

geographical location information for the waste bin or 

collection unit. This capability supports route 

optimization, improves collection scheduling, reduces 

transportation costs, and enhances the overall efficiency 

of waste management operations. 

The proposed system combines sensing, automation, 

wireless communication, and location-tracking 

technologies to create an intelligent waste management 

solution. By enabling real-time monitoring, automated 

waste segregation, remote accessibility, and optimized 

collection planning, the system contributes to improved 

operational efficiency, reduced environmental impact, 

and the development of sustainable smart-city 

infrastructure. 

 

Fig1-  architecture of the proposed IoT-Based Smart Bin 

Management System 

4. RESULTS 

The developed IoT-Based Smart Bin Management 

System was successfully implemented and tested to 

evaluate its performance in waste monitoring, 

segregation, and remote management applications. The 

experimental results demonstrated that the integrated 

sensors and ESP32 microcontroller effectively 

performed real-time waste detection and classification 

operations. The ultrasonic sensors accurately monitored 

the waste level inside the bin and provided continuous 

updates regarding the fill status. When the waste level 

reached the predefined threshold, the system 

successfully generated alert notifications through the 

buzzer, preventing overflow conditions and ensuring 

timely waste collection. The IR sensor efficiently 

detected the presence of incoming waste objects and 

activated the classification process without requiring 

physical contact, thereby improving hygiene and user 

convenience. The wet/dry sensor effectively 

distinguished between biodegradable and non-

biodegradable waste materials, enabling automatic 

segregation through the servo motor mechanism. The 

servo-controlled diversion system successfully directed 

waste into the appropriate compartment, reducing 

manual sorting efforts and improving waste 

management efficiency. The LCD module displayed 

real-time operational information, allowing users to 

monitor system status locally. 

The IoT communication feature enabled continuous 

transmission of sensor data to the cloud platform, 

facilitating remote monitoring of bin conditions. 
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Administrators could access information related to 

waste levels, segregation status, and system 

performance from remote locations. Furthermore, the 

GPS module provided accurate location information, 

supporting optimized waste collection scheduling and 

route planning. Overall, the experimental observations 

indicate that the proposed system enhances waste 

management efficiency by providing automated 

monitoring, intelligent segregation, real-time alerts, and 

remote accessibility. The integration of IoT and GPS 

technologies reduces operational complexity, minimizes 

unnecessary collection trips, and supports the 

development of cleaner and more sustainable urban 

environments. The obtained results validate the 

effectiveness of the proposed Smart Bin Management 

System as a practical solution for modern waste 

management applications. 

 

 

 

5. CONCLUSION 

The proposed IoT-Based Smart Trash Bin Management 

System presents an effective and intelligent approach to 

addressing the growing challenges associated with 

urban waste management. By integrating the ESP32 

microcontroller with ultrasonic sensors, infrared sensing 

technology, and wet/dry waste detection mechanisms, 

the system enables accurate waste level monitoring, 

automated waste segregation, and touch-free operation, 

thereby enhancing both operational efficiency and 

hygiene standards. The implementation of GPS-based 

tracking facilitates optimized waste collection planning 

and route management, contributing to reduced 

transportation costs and lower fuel consumption. In 

addition, the LCD display and buzzer notification 

system provide real-time local feedback regarding bin 

status and operational conditions. Through IoT-enabled 

communication, waste-related data can be continuously 

transmitted to cloud platforms, allowing remote 

monitoring, data analysis, and improved decision-

making for waste management authorities. The 

experimental outcomes demonstrate that the proposed 

system successfully addresses the limitations of 

conventional waste management practices by 

minimizing bin overflow incidents, improving 

https://ijsrem.com/


                          INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH IN ENGINEERING AND MANAGEMENT (IJSREM) 

                       VOLUME: 10 ISSUE: 06 | JUN - 2026                            SJIF RATING: 8.659                                       ISSN: 2582-3930                                                                                                                                               

 

© 2026, IJSREM      | https://ijsrem.com                                                                                                                              |        Page 6 
 

sanitation, reducing manual intervention, and enhancing 

resource utilization. Furthermore, the integration of 

sensing, automation, communication, and location-

tracking technologies supports the development of 

sustainable and smart urban infrastructure.  

Future enhancements may include the incorporation of 

artificial intelligence and machine learning algorithms 

for predictive waste generation analysis, advanced route 

optimization, and automated decision-making. Such 

improvements can further increase the efficiency, 

scalability, and reliability of smart waste management 

systems in modern smart-city environments. 
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