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ABSTRACT

Traditional waste management systems heavily rely on manual labor, leading to inefficiencies, delayed waste
collection, overflowing bins, and increased pollution. Additionally, the lack of real-time monitoring results in
waste trucks following fixed routes, even when bins are not full, leading to unnecessary fuel consumption and

operational costs.

To address these challenges, this project introduces an IoT-based smart waste management system that operates
entirely through Wi-Fi-to-Wi-Fi communication, eliminating the need for human intervention in waste level
monitoring and collection scheduling. The system is designed with ultrasonic sensors, RFID authentication, and
microcontrollers to continuously track the waste levels in bins. When a bin reaches its maximum capacity, the
sensor data is automatically transmitted via Wi-Fi to a central server, triggering an alert for the waste collection
unit. The RFID-based authentication ensures that only authorized waste collection trucks can access and lift the
bins, preventing unauthorized disposal or misuse. The system operates without requiring any manual inspection,
as the entire process—from waste level detection to collection scheduling—is automated through IoT

technology.

By leveraging wireless communication and automation, this system minimizes labor dependency, optimizes
collection routes, and reduces fuel consumption, making waste management more efficient and cost-effective. It
also plays a crucial role in environmental sustainability by preventing overflowing bins, reducing pollution, and
maintaining urban hygiene. With its seamless integration into smart city infrastructure, this IoT-enabled solution

provides a fully automated, eco- friendly, and scalable approach to modern waste management.
INTRODUCTION

Efficient waste management is essential for urban sustainability, public health, and environmental protection.
However, traditional waste disposal methods face several challenges, including manual monitoring, delayed
collections, overflowing bins, and inefficient resource utilization. The lack of real-time data often leads to waste
trucks following fixed routes, increasing fuel consumption, labor costs, and pollution. Additionally,

unauthorized dumping and poor waste segregation further complicate waste management processes.

One of the most critical consequences of inefficient waste management is its impact on public health.
Overflowing bins and delayed waste disposal create breeding grounds for bacteria, insects, and rodents, leading
to the spread of diseases such as cholera, dysentery, and respiratory infections. Unmanaged waste also releases
toxic gases and contaminants into the environment, increasing air and water pollution, which can cause severe
respiratory and skin-related health issues among urban populations. The absence of proper waste segregation
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and disposal methods further exposes sanitation workers and the general public to hazardous conditions,

worsening overall health and hygiene.

To address these issues, this project introduces an loT-enabled smart waste management system that utilizes Wi-
Fi-based communication to automate waste monitoring and collection scheduling. The system integrates
ultrasonic sensors for real-time waste level detection, RFID authentication for authorized bin access, and a
microcontroller that wirelessly transmits data to the waste management team. When a bin reaches its capacity,

an automatic alert is sent via Wi-Fi, allowing for immediate collection without the need for manual inspection.

By eliminating manual labor, optimizing collection routes, and reducing fuel consumption, this system enhances
efficiency, cost-effectiveness, and environmental sustainability. With its smart city integration, the project
provides a scalable, eco-friendly, and technologically advanced solution to modern waste management

challenges
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LITERATURE SURVEY

Optimized Waste Collection and Route Planning

e JoT reduces fuel costs and emissions by optimizing collection routes based on real-time waste levels

(Yadav et al., 2021).

e Machine Learning and Al improve predictive analytics, reducing unnecessary waste pickups (Bhardwaj

& Mishra, 2020).
Waste Segregation and Recycling Efficiency

e Al-powered waste sorting systems improve recycling rates by categorizing biodegradable and non-

biodegradable waste (Das & Roy, 2023).

e RFID-based smart bins help track recyclable materials and encourage circular economy models (Garg

& Sharma, 2022).
Integration with Smart City Infrastructure

e loT-enabled waste management integrates with smart energy grids and urban planning for a more

sustainable city (Maheshwari et al., 2023).

e Blockchain for Waste Tracking ensures transparency and accountability in waste disposal (Hussain &

Ali, 2021).

PROPOSED SYSTEM

The proposed IoT-enabled smart waste management system aims to improve urban waste collection by
integrating real-time monitoring, automated authentication, and efficient collection mechanisms. The system
consists of two primary subsystems: a Smart Waste Bin System and an Automated Waste Collection Vehicle.
The smart waste bins are equipped with an ultrasonic sensor to measure waste levels, a NodeMCU (ESP8266) to
process and transmit data via Wi-Fi to the Blynk IoT platform, and an 12C LCD display for local monitoring.
Each bin is assigned an RFID tag for identification, allowing waste collection vehicles to verify authenticity. A
power supply unit ensures stable voltage, and once the bin reaches a predefined threshold, an automated alert is
sent to the collection vehicle. This IoT-based system eliminates manual monitoring, ensuring timely waste

collection and efficient resource utilization in smart cities.

The waste collection vehicle is equipped with automated authentication and lifting mechanisms to streamline the
collection process. An RFID reader verifies the bin’s identity, and an Arduino Uno processes authentication data
to control the motorized lifting mechanism. The L293D motor driver powers the lifting system, which
automatically empties the bin upon successful authentication. A power supply unit provides stable voltage to
ensure continuous operation. This automated approach reduces manual labour, minimizes operational time, and
enhances efficiency in waste collection. By integrating IoT, sensor technology, and automation, this system

optimizes waste management, leading to cleaner and more sustainable urban environments.
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Figure.3 Schematic Diagram of Bin
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Figure.4 Schematic Diagram of Truck
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ADVANTAGES

e Efficient Waste Collection: Eliminates manual inspections and ensures timely waste disposal.

e Real-time Monitoring: Provides continuous waste level updates via loT technology.

e Cost & Time Optimization: Reduces fuel consumption, labor costs, and unnecessary truck stops.

e Prevention of Overflow & Pollution: Enhances sanitation by ensuring bins are emptied before they
overflow.

e Automated Bin Authentication: Uses RFID technology to ensure authorized waste collection.

APPLICATIONS

e Smart Cities & Municipalities: Optimizes waste collection routes, reduces overflow, and improves
sanitation.

e Corporate & Industrial Use: Enhances waste segregation, ensures regulatory compliance, and cuts
operational costs.

e Residential Complexes & Communities: Alerts authorities for timely disposal, promoting clean
neighborhoods.

o Hospitals & Healthcare Facilities: Ensures safe disposal of medical waste, reducing infection risks.

o Educational Institutions: Encourages students to adopt smart waste management practices.

e Shopping malls & Public Places: Maintains cleanliness by preventing bin overflow.

RESULTS

Figure.6 Empty Bin condition

728


http://www.ijasem.org/

ISSN 2454-9940

(-m INTERNATIONAL JOURNAL OF APPLIED s fasem.org
) SCIENCE ENGINEERING AND MANAGEMENT VoI 15, tssue 1, 2025

Waste Management In Smart ...

Bin @ PEC Empty

Figure.7 Empty Bin on Blynk App

Figure.8 Detection of waste at empty bin on Display

Waste Management In Smart ...
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Bin @ PEC 25%

Figure.9 25% Trash on Bin & Blynk update

729


http://www.ijasem.org/

ISSN 2454-9940

(,m INTERNATIONAL JOURNAL OF APPLIED s fasem.org
)ECIEHEE ENGINEERING AND MANA VoI 15, tssue 1, 2025

Figure.10 Displaying the 25% Trash

Waste Management In Smart ...

Bin @ PEC 50%

Figure.11 50% Trash in the Bin and updating the Blynk

Figure.12 Displaying the Trash % On LC

730


http://www.ijasem.org/

ISSN 2454-9940

(,m INTERNATIONAL JOURNAL OF APPLIED s fasem.org
) SCIENCE ENGINEERING AND MANAGEMENT VoI 15, tssue 1, 2025

The 12C LCD display plays a crucial role in providing a visual representation of the bin’s waste level. This is
achieved through the ultrasonic sensor, which calculates the distance between the waste surface a nd the sensor
mounted on the bin lid. The NodeMCU processes this data and categorizes the waste levels into different stages
based on predefined thresholds in the code. For instance, if the bin is less than 25% full, the LCD displays
"LOW", indicating that it does not require immediate attention. When the fill level reaches 50%, it shows
"MEDIUM," signaling a moderate fill level. As waste accumulates and the bin reaches 75%, the display changes
to "HIGH," prompting authorities to prepare for collection. Finally, when the bin is fully filled (100%), the LCD
displays "FULL," and an alert is sent through Blynk, notifying the waste management system that collection is
urgently needed. This real-time monitoring mechanism ensures that waste is collected efficiently and on time,

preventing overflowing bins and maintaining urban cleanliness.

Waste Management In Smart ...

dem

Bin @ PEC 100%

r

Figure.13 Bin is FULL and Update on the server
CONCLUSION

This project presents a transformative approach to waste management by incorporating IoT (Internet of Things)
technology to automate and optimize the traditional waste collection system. Conventional methods of waste
disposal often result in inefficiencies such as overflowing bins, delayed collections, and excessive fuel
consumption due to manual monitoring. The integration of IoT-enabled trash cans, equipped with ultrasonic
sensors and RFID tags, addresses these issues by offering real-time monitoring of waste levels. The NodeMCU
microcontroller processes data from the sensors and transmits it to the waste collection vehicle, ensuring that
pickups occur only when necessary. This streamlined communication reduces unnecessary trips, cuts down on
fuel usage, and minimizes environmental pollution. Additionally, the use of RFID tags for identification ensures

secure and efficient waste collection, further enhancing the overall process.

By eliminating human intervention, this project not only improves the efficiency of waste management but also
contributes to better sanitation, optimized resource utilization, and a cleaner environment. The real-time data
provided via the Blynk app and the I2C LCD display empowers waste management authorities and local
supervisors to make informed decisions and promptly address issues related to waste overflow. Overall, this
automated system represents a significant step toward a smarter, more sustainable waste management model that

supports urban development and environmental conservation.
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FUTURE SCOPE

Integration with Smart Cities: The system can be integrated with broader smart city initiatives, connecting
waste management with other city infrastructure. By linking the IoT waste bins with smart traffic systems and
environmental monitoring systems, cities can create a fully synchronized ecosystem that enhances urban living

standards while reducing resource consumption.

Advanced Waste Classification: Future versions of the system can include sensors capable of distinguishing
different types of waste (organic, recyclable, hazardous, etc.). This would allow for automatic sorting at the

source, increasing recycling rates and reducing landfill waste, aligning with circular economy principles.

Predictive Maintenance: By integrating machine learning and big data analytics, the system could predict
when bins will need maintenance or replacement, further reducing inefficiencies. This predictive maintenance
could ensure that the IoT circuits and RFID tags continue to function optimally, preventing system failures

before they occur.
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