IJRASET

International Journal For Research in
Applied Science and Engineering Technology

" INTERNATIONAL JOURNAL
FOR RESEARCH

IN APPLIED SCIENCE & ENGINEERING TECHNOLOGQGY

Volume: 14 Issue: i Month of publication: March 2026

DOIl: https://doi.org/10.22214/ijraset.2026.77787

www.ijraset.com
Call: (£)08813907089 | E-mail ID: ijraset@gmail.com




International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 14 Issue 111 Mar 2026- Available at www.ijraset.com

Leveraging Big Data in Waste Management: A
Knowledge-Based Approach

Soumya C', Kumutha V?
!Assistant Professor, Department of Computer Science and Application, Paramekkavu College of Arts and Science, Thrissur
ZAssistant Professor, Department of Computer Science, Avinashilingam University, Coimbatore

Abstract: The rapid urbanization of cities worldwide has led to a significant increase in waste production, posing challenges for
traditional waste management systems. These systems, often reliant on fixed schedules and routes, struggle to adapt to dynamic
demand and growing environmental concerns. This study explores how integrating big data analytics with systematic knowledge
management can optimize waste management, enhance efficiency, and promote environmental sustainability. By leveraging
GPS tracking, loT sensors, and predictive analytics, cities can develop intelligent, responsive, and sustainable waste
management systems.
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L. INTRODUCTION
Urban expansion has brought about an exponential rise in waste generation, leading to operational inefficiencies in conventional
waste management. Fixed-route collection systems often result in redundant trips, missed pickups, and excessive costs. Big data
analytics, combined with knowledge management practices, offers a strategic framework for optimizing waste collection, reducing
environmental impact, and enhancing operational efficiency. This study investigates how data-driven approaches and knowledge
management principles can revolutionize urban waste management.

A. Challenges in Waste Management

As urban populations grow, the primary challenges in waste management include:

1) Increasing Waste Generation: The volume of waste increases proportionally with urban expansion, straining existing disposal
and collection mechanisms.

2) Inefficient Resource Allocation: Traditional waste collection follows fixed schedules without considering real-time waste
levels, leading to inefficiencies.

3) Environmental Concerns: The reliance on landfills contributes to pollution, necessitating smarter waste diversion strategies.

4) Operational Inefficiencies: The lack of adaptive waste collection schedules results in unnecessary truck mileage, fuel
consumption, and emissions.

B. The Role of Big Data in Waste Management

Big data in waste management encompasses data collection from multiple sources, including:

1) GPS Tracking of Waste Collection Trucks: Real-time GPS data optimizes route planning and fleet management.

2) loT Sensors in Waste Bins: Smart sensors provide waste level data, enabling demand-based collection.

3) Environmental Monitoring Systems: These systems track pollution levels, ensuring regulatory compliance and environmental
safety.

C. Key Benefits of Big Data in Waste Management

1) Predictive Analytics: Analyzing historical data allows for forecasting waste generation patterns, enabling cities to prepare for
peak waste periods.

2) Dynamic Resource Allocation: Sensors and real-time data facilitate flexible collection schedules, reducing operational costs and
carbon footprints.

3) Optimized Operational Efficiency: Real-time route optimization minimizes fuel consumption, improves traffic management,
and reduces emissions.
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D. Knowledge Management in Waste Management

Knowledge management (KM) involves systematically capturing and sharing knowledge to enhance decision-making in waste

management:

1) Documenting Best Practices: Data-driven insights help establish standardized procedures for efficient waste collection and
disposal.

2) Sharing Lessons Learned: Past inefficiencies and successes inform future waste management policies.

3) Continuous Improvement: By integrating KM systems, cities can adapt to new waste management strategies and emerging
technologies.

E. Synergy between Big Data and Knowledge Management

The integration of big data with knowledge management fosters a learning ecosystem where insights from data analytics drive
policy improvements. Real-time data from 10T sensors and GPS tracking can be documented and analyzed for continual process
refinement, ensuring a more adaptive and efficient waste management system.

Il.  CASE STUDY

The waste management in Thrissur Corporation is being managed using the Harithamithram App.The app provides real-
time updates on garbage collection schedules and recycling tips ensuring no pickup is missed and supporting eco-friendly
practices. Benefit from a user-friendly interface to ease the burden of managing waste responsibility. This intelligent solution
simplifies an essential household chore while contributing positively to environmental conservation.

With its real time notification, users stay informed about the nearest garbage truck arrival and can manage their waste disposal
accordingly. The platform includes features that aid in identifying the correct bin for every type of waste, encouraging proper
segregation and recycling habits. The app contributes to the greater planet and maintains an organized waste management routine
with ease through Harithamithram.The application serves as a valuable tool for households committed to environmental
conservation, providing useful insights for making waste management an effortless part of daily life.

1. RELATED STUDIES

Rapid urbanization, population growth, and economic development have increased waste generated worldwide in recent years. In
2024, India generated approximately 145,351.73 tonnes of solid waste per day, with 79% (around 114,588.73 tonnes) processed
daily, while 21% (over 30,000 tonnes) remained unprocessed and ended up in landfills. Unfortunately, 33% of solid waste is
managed correctly and disposed of in illegal dumpsites or unmonitored landfills (Kaza et al. 2018). However, with the advent of
artificial intelligence, the waste management industry is experiencing significant transformation toward achieving sustainability and
profitability. Artificial intelligence is a rapidly advancing technology that is gaining popularity in various industries, particularly
waste management (Abdallah et al. 2020). The incorporation of artificial intelligence and raobotics in the design and operation of
urban waste treatment plants can revolutionize how solid waste is managed, leading to increased operational efficiency and more
sustainable waste management practices (Goutam Mukherjee et al. 2021; Yigitcanlar and Cugurullo 2020). Several developed
countries, including Austria, Germany, New Zealand, the USA, the UK, Japan, Singapore, Switzerland, South Korea, and Canada,
have already begun to adopt artificial intelligence _technologies to maximize resource utilization, efficiency, and recycling
opportunities throughout the solid waste management cycle (Soni et al. 2019). Artificial intelligence technologies, particularly for
sorting and treating solid waste, are increasingly critical in waste management (Andeobu et al. 2022; Wilts et al. 2021).

To summarize, these studies provide an overview of waste types, their generation, and associated issues, as well as explore various
applications of artificial intelligence in waste management. These applications include intelligent bin systems, waste-sorting robots,
sensor-based waste monitoring, and predictive models of waste generation. Additionally, the paper discusses how artificial
intelligence can help monitor and track waste materials throughout the recycling process, optimize the logistics and transportation of
recycled waste, identify and reduce illegal dumping and waste treatment practices, and analyze the chemical composition of waste.

IV.  CONCLUSION
Waste disposal is inefficient, leading to severe environmental pollution, high costs, and a lack of leadership in the disposal process.
Waste management is a challenge for both developed and developing countries. However, artificial intelligence can improve
treatment efficiency, reduce environmental damage, and provide computational solutions for smarter waste management.
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Artificial intelligence in waste management highlights the potential impact of artificial intelligence on waste management, with
practical applications such as smart bin systems, waste-sorting robots, and predictive waste tracking models. Artificial intelligence
can also assist in managing hazardous waste, reducing illegal dumping, and recovering valuable resources from the waste stream.
Additionally, artificial intelligence can aid public health interventions, including medical waste disposal and pandemic response.
The paper examines the impact of artificial intelligence on waste logistics and transportation, including reducing distance, cost, and
collection time and improving collection efficiency. Despite these challenges, artificial intelligence can change how people deal
with waste, leading to a more sustainable future with efficient, economic, ecological, and intelligent waste management systems.

By leveraging GPS tracking, 10T sensors, and predictive analytics, cities like Thrissur which is the cultural capital of Kerala, God’s
own country can become a good model for smart waste management and develop intelligent, responsive, and sustainable waste
management systems.
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