IJARCCE ISSN (O) 2278-1021, ISSN (P) 2319-5940

International Journal of Advanced Research in Computer and Communication Engineering

Impact Factor 8.471 :: Peer-reviewed & Refereed journal :< Vol. 14, Issue 9, September 2025
DOI: 10.17148/IJARCCE.2025.14910

Smart Waste Management System Using IoT for
Efficient Segregation

Ms. Sarbjeet Kaur!, Ms. Isha?

Assistant Professor, Department of Computer Science & Engineering, PCTE Institute of Engineering and Technology,

Ludhiana, Punjab-142021, India'*?
s

Abstract: The increasing urban population and industrialization have led to an exponential rise in waste generation,
posing significant environmental and health challenges. Traditional waste management systems, relying heavily on
manual labor, are inefficient and error-prone. This paper proposes a Smart Waste Segregation System that integrates
Internet of Things (IoT) and advanced sensor technologies to address these challenges. The system automatically
categorizes waste into dry, wet, and metallic categories using ultrasonic, moisture, and inductive proximity sensors and
ensures efficient collection and recycling. By leveraging real-time monitoring and automation, the system minimizes
human intervention, reduces resource wastage, and prevents environmental degradation. This research consolidates
findings from previous studies, highlights innovative design improvements, and presents a modified, cost-effective, and
scalable system aimed at revolutionizing urban waste management. Additionally, the system’s integration with IoT
platforms enables better decision-making and promotes sustainable waste management practices.
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I. INTRODUCTION

Waste management has become an increasingly critical issue in today’s world due to rapid urbanization, population
growth, and industrial development. According to the World Bank, global municipal solid waste generation is projected
to surge from 2.01 billion tonnes in 2016 to 3.4 billion tonnes annually by 2050, with cities being the primary contributors
to this growth [1]. This rapid increase in waste production has led to significant challenges in waste disposal, segregation,
and recycling, particularly in developing nations. In India, for instance, urban areas generate approximately 62 million
tonnes of waste every year, of which only 43 million tonnes are collected, and a mere 12 million tonnes are treated or
recycled. The rest contributes to growing landfills, often causing environmental degradation and health hazards [2].
Traditional waste management systems predominantly rely on manual segregation, which is labor-intensive, error-prone,
and hazardous for workers exposed to toxic waste materials [3]. The inefficiencies of these systems, including the lack
of real-time monitoring, frequently result in the improper handling of waste, which ends up polluting water bodies and
emitting greenhouse gases like methane from poorly managed landfills. Furthermore, the absence of adaptive
mechanisms for waste collection results in overflowing garbage bins, inefficient use of collection vehicles, and higher
operational costs [4].

In recent years, the integration of technological advancements such as the Internet of Things (IoT) has provided
innovative solutions for overcoming these challenges. IoT-based waste management systems allow for real-time data
acquisition, processing, and automated decision-making. By utilizing sensors and cloud-based platforms, these systems
enable efficient waste segregation, optimize collection routes, and improve resource allocation [5]. For example, studies
have highlighted the role of automated segregation using moisture and metallic sensors to effectively classify waste into
wet, dry, and recyclable categories at the source [2].

The proposed Smart Waste Segregation System introduces a fully automated and scalable approach to address these
inefficiencies. This system integrates ultrasonic sensors to detect waste levels, moisture sensors to identify organic or wet
waste, and inductive proximity sensors to detect metallic objects. Segregation at the point of disposal ensures minimal
contamination, enhances the quality of recyclable materials, and reduces the workload at central processing facilities.
Additionally, IoT platforms like ThingSpeak and Blynk facilitate real-time monitoring and alerts to municipal authorities
when bins reach capacity, ensuring timely collection and preventing environmental hazards [6].

The adoption of smart waste management systems aligns with global sustainability goals, such as those outlined In the
United Nations Sustainable Development Goals (SDGs), particularly Goal 11, which emphasizes sustainable cities and
communities. By automating waste segregation, optimizing collection schedules, and reducing environmental impacts,
the Smart Waste Segregation System has the potential to revolutionize urban waste management. This paper builds on
prior research to present an improved, cost-effective, and sustainable model, addressing key challenges in waste
management and contributing to the broader goal of environmental conservation.
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II. REVIEW OF LITERATURE

Keerthana et al. [7] In their study on smart waste collection and disposal systems, proposed the use of infrared (IR)
sensors to detect trash and metallic sensors to identify the presence of metals. Additionally, they incorporated a capacitive
sensor to classify waste into dry and wet categories. Their work highlighted the importance of leveraging multiple sensors
to achieve efficient segregation of waste materials. This system demonstrated the potential for improving waste
segregation accuracy and reducing manual intervention.

Suwetha 1.G. [8] introduced a NodeMCU-based smart garbage monitoring system that utilizes ultrasonic sensors for
detecting the bin’s fill level. Moreover, the system includes a DHT sensor and an MQ-135 gas sensor to monitor
environmental factors such as temperature, humidity, and air quality around the bin. This approach provided a
comprehensive monitoring solution, allowing real-time updates on waste bin conditions and environmental parameters,
which are essential for urban waste management.

Jose M. Gutierrez et al. [9] proposed an IoT prototype equipped with advanced sensors capable of gathering and
transmitting data on waste volume over the Internet. Their system emphasized the integration of electronic engineering
with city administration, showcasing how technology can be used to enhance municipal services, particularly in waste
management. This prototype aimed to optimize waste collection and improve operational efficiency.

Sanjiban Chakraborty et al. [10] developed a technological framework to monitor waste vehicles and garbage storage
facilities. Their system incorporated communication technologies to assist in truck control and solid waste inspection. By
improving accountability and enabling better management of waste collection, their approach addressed key challenges
faced by urban waste systems.

Norfadzlia Mohd Yusof et al. [11] presented a smart bin waste monitoring system that uses a wireless sensor network
(WSN) to provide real-time remote monitoring of solid waste containers. Their architecture included three components:
renewable energy sources, a WSN, and a control station. The integration of Wi-Fi for connectivity allowed for efficient
waste monitoring and management while emphasizing sustainability through renewable energy use.

Mounica Gaddam et al. [12] designed a project under the "Swachh Bharat" initiative, leveraging ultrasonic sensors to
measure bin fill levels. Their system processed this information using a Raspberry Pi, which transmitted the data to the
cloud. From there, updates were relayed to an Android application, displaying the garbage bin’s status and the shortest
routes for collection vehicles on Google Maps. The use of RFID tags and GPS for bin location further optimized the
waste collection process, promoting cleaner residential areas and enhancing urban cleanliness.

G. Sai Rohit et al. [13] introduced a smart dual dustbin model for public waste management in smart cities. Their design
consisted of two bins, labeled "Dustbin A" and "Dustbin B." Dustbin B became operational only after Dustbin A was full.
This sequential operation ensured better waste handling and efficient utilization of bin capacity. The system also sent
notifications to authorities whenever a bin was full, facilitating timely waste disposal.

I11. RESEARCH METHODOLOGY

The Smart Waste Segregation System is built on a modular architecture to ensure ease of scalability, reliability, and cost-
efficiency. The system comprises three primary components: sensing and data acquisition, data processing and decision-
making, and communication and notification. Each module plays a pivotal role in achieving the system's goals of
automated waste segregation, real-time monitoring, and efficient waste management.

Sensing and Data Acquisition
The sensing and data acquisition module forms the foundation of the system by gathering data on waste properties and
bin statuses. It integrates multiple sensor technologies to detect and classify waste accurately:
1. Moisture Sensors: These sensors analyze the water content in disposed materials to distinguish between wet and
dry waste. By identifying wet waste, the system enables efficient composting and prevents contamination of dry
waste streams [14].
2. Inductive Proximity Sensors: These sensors detect metallic objects using electromagnetic fields. They ensure
non-contact identification of metals, facilitating precise categorization of metallic waste for recycling purposes
[15].
3. Ultrasonic Sensors: These sensors monitor the fill levels of the waste bins by measuring the distance between
the sensor and the top of the waste. They provide accurate readings of bin capacity, ensuring timely alerts for
waste collection and preventing overflows [17].

Data Processing and Decision-Making

The data processing and decision-making module is at the core of the system's operations, analyzing sensor data and
executing waste segregation actions.
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1. The Arduino UNO microcontroller is employed as the central processing unit. It receives input from the sensors,
interprets the data, and classifies waste into three categories: dry, wet, and metallic [17].

2. A robust set of algorithms ensures accurate classification of waste by processing data such as moisture levels,
bin fill status, and the presence of metallic objects [16].

3. Once waste is categorized, servo motors are activated to rotate the waste bin compartments, directing the waste
to the appropriate section. This mechanized segregation minimizes human intervention and improves efficiency
[15].

Communication and Notification
The communication and notification module ensures seamless data transmission and real-time updates for efficient waste
management.
1. IoT platforms such as ThingSpeak and Blynk are integrated to visualize bin statuses and send alerts. These
platforms allow for real-time monitoring of bin fill levels, sensor readings, and environmental conditions such
as air quality [18].
2. Notifications are triggered when bins reach predefined capacity thresholds. Alerts are sent to municipal
authorities or waste collection teams via mobile applications, enabling timely waste disposal and route
optimization [17].

Tools and Components

The Smart Waste Segregation System involves designing and implementing a system capable of categorizing and
managing waste effectively using embedded systems and IoT technology. The methodology consists of the following
key components:

Arduino Uno: The Arduino Uno is a renowned microcontroller board at the heart of countless electronic projects, valued
for its versatility and user-friendly approach. Powered by the ATmega328P microcontroller, this open-source platform
simplifies the development process and facilitates collaborative innovation. With a range of input/output pins and an
intuitive Integrated Development Environment (IDE), Arduino Uno empowers users to create, modify, and upload code
with ease. The Arduino Uno serves as the central controller for the Smart Waste Segregation System. It manages data
from sensors and controls the mechanical components. Arduino Uno is widely used for its compatibility and ease of
programming. By enabling seamless connectivity between sensors, servo motors, and other critical components, the
Arduino Uno empowers a sustainable approach to waste disposal and redefines the possibilities for efficient waste
management systems.

Servo Motor: Servo motors are essential for waste segregation. These compact electric motors can rotate precisely, and
they control mechanical components responsible for directing waste into the designated bins. Each servo motor can be
programmed to rotate a specific number of degrees upon sensor activation.

Inductive Proximity Sensor: The inductive proximity sensor is a remarkable electronic device used to detect the presence
or absence of metallic objects without any physical contact. Employing electromagnetic fields and eddy current induction,
these sensors are highly versatile and find applications in diverse industries, including manufacturing, automation, and,
notably, in the Smart Waste Segregation System.

Soil Moisture Sensor: The soil moisture sensor is one kind of sensor used to gauge the volumetric content of water
within the soil. In this system it is used to detect wet waste.

Ultrasonic sensor: An ultrasonic sensor is an instrument that measures the distance to an object using ultrasonic sound
waves. An ultrasonic sensor uses a transducer to send and receive ultrasonic pulses that relay back information about an
object's proximity. In smart waste segregation it is used to detect the presence of waste material.

LCD Display: The LCD (Liquid Crystal Display) serves as the system's visual interface, providing real-time feedback
and essential information to users and administrators. It prominently displays the waste detected, offering a
comprehensive overview of the segregated waste categories.

Buzzer: The buzzer within the Smart Waste Segregation System plays a vital role in providing immediate feedback upon
waste detection. When a waste item is identified and successfully categorized, the buzzer emits a distinct sound, creating
an auditory cue that reinforces the efficient operation of the system.

Conveyor Belt: Mechanical components like conveyor belts are utilized to transport waste items to their respective bins.
These components are driven by motors and controlled by the Arduino Uno. A conveyor belt's function is to move objects
from Point A to Point B with minimal effort. The conveyor belt pace, direction, curvature and size varies based on the
needs of the user.

Breadboard: A breadboard is used for creating temporary circuits in the system. It simplifies prototyping and
experimentation by providing a grid of small holes and metal spring clips to hold electronic components in place. This
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eliminates the need for soldering and allows for easy insertion and removal of components.
IV. RESULTS AND DISCUSSION

The Smart Waste Segregation System was thoroughly evaluated through a series of test cases aimed at assessing its
accuracy, performance, and reliability in waste detection and categorization. The results showed that the system
demonstrated a high level of accuracy across all major waste categories. For dry waste detection, the system successfully
identified dry materials such as paper, plastic, and cardboard with a 95% accuracy rate. The system also accurately
categorized wet waste in 93% of the cases, though some false negatives were observed due to the challenges of detecting
moisture levels in borderline cases. Metal waste detection performed exceptionally well, with a 97% accuracy rate, thanks
to the inductive proximity sensor, though future improvements could extend detection to non-ferrous metals.

A crucial aspect of the system was its ability to prevent false positives, which occurred in only 8% of the cases, especially
when reflective surfaces were mistakenly identified as metal. The system also excelled in providing real-time capacity
notifications, successfully alerting users at various fill levels (25%, 50%, 75%, and 100%) using the ultrasonic sensor.
The user interface was well-received for its intuitive design and ease of use, allowing users to efficiently monitor and
manage waste bins. Minor improvements could be made in terms of customizable notifications to further enhance user
experience.

The system proved to be resilient under high load conditions, maintaining a response time of under 2 seconds with a 90%
accuracy rate, although slight delays were noted when multiple bins approached full capacity simultaneously. This
suggests that optimization could be made in data handling and communication processes for improved performance under
peak conditions. Overall, the system achieved an accuracy rate of 93%, demonstrating its practical potential for use in
urban and industrial waste management.

SHART WASTE®
EGREGAT IOH®#

Figure 1: LCD display

In Figure 1, when the system is powered on, the LCD display showcases the title 'Smart Waste Segregation,' highlighting
the project's primary objective and system identity.
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Figure 2: Detection of Dry Waste

In Figure 2, the LCD display indicates "Dry Detected" when dry waste is correctly identified and placed within the
system. This visual feedback demonstrates the system's ability to accurately segregate waste types.

WET DETECTED ) -

Figure 3: Detection of Wet Waste

In Figure 3, the LCD display indicates "Wet Waste Detected" when wet waste is placed within the system. This visual
feedback highlights the system's capability to differentiate between waste categories, ensuring that wet waste is correctly
identified.

Figure 4: Waiting for waste
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In Figure 4, the LCD display shows "Waiting..." to depict that the system is in standby mode, awaiting the introduction of
waste materials for automated segregation. This waiting state reflects the system's readiness to efficiently categorize waste
once it is placed within its sensors' range.

Iv. CONCLUSION

In conclusion, the Smart Waste Segregation System demonstrates significant potential for revolutionizing waste
management practices through automated detection and categorization. With an overall accuracy rate of 93%, the system
proved effective in identifying and segregating various waste types, including dry, wet, and metal waste. The integration
of real-time notifications, efficient user interface, and reliable performance under typical load conditions further enhance
the system's usability and operational effectiveness. Despite minor challenges, such as sensitivity calibration and
occasional delays under high load, the system offers a practical solution to the challenges of manual waste segregation,
reducing errors and improving efficiency.
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