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Abstract

In this modern era, society sees an escalating demand for efficient waste management techniques due to increasing
waste generation and limited disposal capacities. Traditional waste methods such as landfills, open dumping, ocean
dumping, and incineration have been considered obsolete and archaic, unable to compete with the ever-evolving nature of
sustainability and efficiency. However, to combat these challenges, Artificial Intelligence has posed itself as a budding
stimulant that seeks to fulfil the criterion of optimum utilization and management of resources which drives the future of
mankind to a thriving and sustainable one. The paper seeks to evaluate the growing potential of Al in reconfiguring the
waste management ambit. Al can evaluate customer behaviour to help minimize waste and enhance recycling procedures
through smart bins, waste logistics and data analytics. In order to undertake a holistic comprehension, the paper employs
a culmination of primary and secondary data. The primary data would include a survey answered by respondents regarding
the various elements regarding the application of Al in revolutionizing the domain of waste management such as its
efficiency, accessibility, and effectiveness. The review of literature has a focus on urban sustainability and environmental
impact so as to not only evaluate but also compare the distinct strategies that could be inculcated to satisfy societal needs
at large. The research paper additionally examines the ethical dilemmas and fallacies of Al-powered waste disposal and
management. It accentuates the ever-evolving pertinence of responsible Al development and deployment to provide
equitable access to these technologies while minimizing potential negative repercussions. Through the comprehensive
critical evaluation of various elements that induce different benefits and ramifications of this imperative tool, the paper
seeks to contribute not only an overview but also the people's perspective regarding the application of Al in waste disposal

and management.
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Introduction

The rising volume of waste generated around the world leads to problems with pollution, waste
management, and recycling, necessitating the implementation of revolutionary waste ecosystem
improvement technologies such as artificial intelligence. We examine the use of artificial intelligence
in waste-to-energy, smart bins, waste-sorting robots, waste generation models, waste monitoring and
tracking, plastic pyrolysis, distinguishing between fossil and modern materials, logistics, disposal,

illegal dumping, resource recovery, smart cities, process efficiency, cost savings, and public health
- - - - ]
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(Fang et al., 2023).Machine learning algorithms use previous data to forecast waste generation trends,
allowing communities to more effectively manage resources. Furthermore, robotic sorting systems
coupled with computer vision aid in the precise segregation of recyclables, decreasing contamination
and fostering a circular economy. In contrast, in Africa, where waste management infrastructures may
be underdeveloped, Al applications favor scalable and adaptive solutions. Mobile Al-powered
applications support crowd-sourced garbage reporting, allowing individuals to actively engage in
waste management activities. Furthermore, sensor-equipped smart bins optimize collection routes in

real time, hence increasing resource usage (Nwokediegwu et al., 2024).

Review of Literature

The category of emerging technologies in various waste management areas addressed by
information and communication technology includes spatial technology for waste collection vehicle
and bin location monitoring, identification technology for bin location and collection time
determination, and data acquisition technology that uses sensor technology. Sensor technology
involves the use of sensory materials and devices in order to get the state of the bin, and ultimately,
data transmission technology for the transfer of information or data for analysis and is utilized in other
systems (Fayomi et al., 2021). By integrating internet of things (10T) sensors, data analytics, machine
learning algorithms, and predictive analytics, artificial intelligence may greatly improve the processes
of data collection, analysis, and decision-making. This paper investigates Al's potential for anticipating
trends, optimizing circular supply chains, enhancing waste management and recycling methods,
promoting sustainable product design, increasing public involvement, and assisting policy formation
(Jogarao et al., 2024). E-waste management and recycling are important to the sustainability of any
contemporary metropolis. While industrial and commercial E-waste collection has received attention,
there are few alternatives for collecting E-waste from residential houses. This article suggests the use
of a mobile robot that recognizes typical electronic trash using transfer learning and attaches to current
municipal garbage trucks. The robot goes about, recognizes electronic garbage, and segregates the
recognized material using an arm-based lift and storage mechanism. A convolutional neural network-
based identification method was used to categorize the E-waste, and it achieved 96% accuracy. This
is a first-of-its-kind endeavour, particularly in India, to collect and sort electronic garbage from houses
and individuals (Shreyas Madhav et al., 2022). The implementation of IR 4.0 technology provides
great potential for increasing solid waste management and efficiency. Machine learning (ML),
artificial intelligence (Al), and image recognition can be used to automate garbage sorting, lowering

the danger of worker exposure to hazardous waste. Radio Frequency ldentification (RFID) and
. ______________________________________________________________________________________________________________________|

International Conference on the Impact of Artificial Intelligence on Business Sustainability on 8th and 9th Jan. 2025,

3Q
Organized by PG Department of Commerce Computer Application, St. Joseph's College (Autonomous), Tiruchirappalli 397



Special Issue: International Journal of Business and Economics Research (IJBER) e-ISSN: 2455-3921 J

wireless communications offer material traceability, which helps us comprehend the prospects in the
circular economy. Furthermore, system interconnectivity and automatic data transfer allow for the
development of more complex systems that house a larger solution space than was previously possible,
such as centralised cloud computing, which reduces costs by eliminating the need for individual
computing systems (Cheah et al., 2022).

Methodology

The objective of this research is to delve into the various nuances such as the socio-economic
factors and the fallacies of the application of Al powered tools in enhancing waste management and
its urban sustainability. Primary data is collected in the form of a questionnaire survey whose sample

size is 160 respondents.

Results

The data is critically analyzed using Jamovi software using descriptive statistics. The
questionnaire was curated in a manner that the audience could easily perceive, understand and was
also given the platform to voice their opinions. Through the analysis of the primary data, secondary
data in the form of literature, research articles, academic records as well as case studies will be utilized

to provide a holistic comprehension.

Frequencies of Al-applied waste management tools awareness — Figure 1.0

Al-applied waste management tools awareness Counts ;{:’) tal of ;)umulative
Material Recovery facilities (MRFs). 20 12.5% 12.5%
Material Recovery facilities (MRFs).; Route 4 2.5% 15.0%
optimization

Nothing 1 0.6% 15.6%
Route optimization 12 7.5% 23.1%
Smart Bins 65 40.6% 63.7%
Smart Bins; Material Recovery facilities (MRFs). 18 11.3% 75.0%
Smart Bins; Material Recovery facilities (MRFs).; 1 0.6% 75.6%
Algorithms for tracking and efficiency

Smart Bins; Material Recovery facilities (MRFs).; 24 15.0% 90.6%

Route optimization
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Smart  Bins; Material  Recovery  facilities 1 0.6% 91.3%
(MRFs).;Route optimization; Waste Spotting Drones

Smart Bins; Route optimization 14 8.8% 100.0%

Frequencies of Al-applied waste management tools awareness — Figure 1.0

Awareness
Interpretation: In Figure 1.0, clearly states that smart bins have been the most prominent Al based
waste management tool dominating the responses with 40.6% of the total. The growing dominance of

smart bins is due to its efficiency or the absence of human intervention.

Analysis: Smart bins are equipped different sensors such as proximity sensor, temperature sensors,
infrared sensor that detects the level of garbage filled in, gas sensors and metal sensors in order to
segregate safely (Menaka Pushpa Arthur et al., 2024). It has simple workflow as the proximity sensor
detects the threshold to what extent it can be filled and it also has a verification system as to who has
the authority to discard the waste. With emerging population in urban areas, we can see an increase in
waste generation in these areas. According to Mordor intelligence industry reports, “Urbanization
directly correlates with waste generation, owing to the higher consumption rate of packaged or
processed products”. This awareness can also be contributed due to the government initiatives such as
the Union budget 2024-25 allocating 2400 crores for the Smart Cities mission, which is the
“sustainable and inclusive cities that provide core infrastructure to give a decent quality of life, a clean

and sustainable environment”.

Frequencies of Eco friendliness- Figure 1.1

Eco friendliness Counts % of Total Cumulative %

1 44 27.5% 27.5%
2 37 23.1% 50.6%
3 57 35.6% 86.3%
4 13 8.1% 94.4%
5 9 5.6% 100.0%

1- Very Eco- friendly 5- Not Eco friendly

Eco Friendliness
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Interpretation: Figure 1.1 we can see that majority of them is a neutral response, 35.6 which indicate

the undertones of uncertainty among the people regarding the Eco friendliness of the tools.

Analysis: This uncertainty can be proven with reference to Figure 1.0, as we can the majority of people
40.6% are only aware of smart bins as an Al waste management tool. This highlights the lack of
awareness and accessibility of other tools such as route optimization and material recovery facilities
which thereby implicitly indicate that people are also unaware of their environmental impact (Reema

Alsabt et al., 2024).

Cost Effectiveness

Frequencies of Cost effectiveness- Figure 1.2

Cost effectiveness Counts % of Total Cumulative %

1 20 12.5% 12.5%
2 21 13.1% 25.6%
3 56 35.0% 60.6%
4 30 18.8% 79.4%
5 33 20.6% 100.0%

1- Very Cost effective  5- Not Cost effective

Interpretation: Cost effectiveness rated by the respondents is neutral in nature scoring a percentage
0f 35.0% of the total responses. This is due to the grounds of the inculcation of technology into waste

management being expensive (Marchiori 2017).

Analysis: The reality is harsh with the implementation of efficient city budgets, paucity of funds and
the establishment of Al powered waste management solutions can be met with a degree of risk thereby
hindering the process of imbibing new systems that might tarnish the city’s well-being, image and

cause disruptions to the functioning of society.

International Conference on the Impact of Artificial Intelligence on Business Sustainability on 8th and 9th Jan. 2025, 400
Organized by PG Department of Commerce Computer Application, St. Joseph's College (Autonomous), Tiruchirappalli



Special Issue: International Journal of Business and Economics Research (IJBER) e-ISSN: 2455-3921

Locality Policies

Frequencies of Residential area waste policies effectiveness- Figure 1.3

Residential area waste policies effectiveness Counts % of Total Cumulative %

1 17 10.6% 10.6%
2 25 15.6% 26.3%
3 35 21.9% 48.1%
4 26 16.3% 64.4%
5 57 35.6% 100.0%

1- Very effective 5- Not effective
Interpretation: 35.6% of respondents revealed that Residential area waste policies are not effective.
This indicates that Policy level development is needed from zones level perspective.Al powered tools

to enhance waste management can be incorporated into the policy.

Analysis: The study stress on contribution towards policy it is found that Al can considerably increase
trash categorization accuracy, anticipate waste amounts, and discover resource recovery potential.
Implementing Al technologies led to a 15% improvement in resource recovery efficiency and a 20%

decrease in operating expenditures (Ming et al., 2024).

Active Users

Frequencies of Users of Al-applied waste management tools- Figure 1.4

Users of Al-applied waste management tools Counts % of Total Cumulative %

1 12 7.5% 7.5%

2 16 10.0% 17.5%
3 33 20.6% 38.1%
4 31 19.4% 57.5%
5 68 42.5% 100.0%

1- Strongly Agree 5- Strongly Disagree
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Interpretation: 42.5% of respondents revealed that Al tools are not frequently used by the respondents

towards waste management.

Analysis: Use of an artificial intelligence in the trash management is essential to understand the
frequencies of Al & waste management. Waste types and generations, the use of artificial intelligence
in waste management, artificial intelligence-based waste transportation optimization, the role for
artificial intelligence in identifying and decreasing illegal dumping and waste treatment practices, and

the use of artificial intelligence to analyse waste chemical composition (Fang et al., 2023).

Combat Pollution

Frequencies of Help in reduction of pollution- Figure 1.6

Help in reduction of pollution Counts % of Total Cumulative %

1 61 38.1% 38.1%
2 29 18.1% 56.3%
3 39 24.4% 80.6%
4 22 13.8% 94.4%
5 9 5.6% 100.0%

1- Strongly Agree 5- Strongly Disagree

Interpretation: 38.1% of the respondents believe that Al can be used a tool to combat against

pollution.

Analysis: Many polluting elements such as microplastics, biodegradable and non-biodegradable
waste can be efficiently segregated using Al. To elucidate, Al-powered sensors integrated with the
Internet of Things (IoT) can lower costs by decreasing the quantity of trucks required for waste pickup.
It additionally improves the caliber of recycled products through the careful segregation of harmful
materials and prevents overspilling. Furthermore, Al-powered innovations can result in improved,
simple to operate, and affordable recycling systems, which could boost recycling rates. This progress

helps to reduce pollution to the environment (Ludovica Mul¢. 2024, May 7).
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Data Privacy

Frequencies of Data privacy concerns- Figure 1.8

Data privacy concerns Counts % of Total Cumulative %

1 60 37.5% 37.5%
2 31 19.4% 56.9%
3 54 33.8% 90.6%
4 12 7.5% 98.1%
5 3 1.9% 100.0%

1- Strongly Agree 5- Strongly Disagree

Interpretation: 37.5% respondents strongly believe that there are data privacy breach possibilities

while using Al in waste management operations.

Analysis: This statement can be validated by the rising need for data protection policies while using
Al as people are afraid of the misuse of personal details in the form of identity theft or potential misuse
by authorities. This phenomenon is referred to as ‘mission creep, which is when technologies designed
for one purpose can evolve into surveillance tools by governments and authorities which are unethical

in nature. (Observatory 2024, October 23).

Discussion

Smart bins were the most prevalent Al-based garbage disposal choices, accounting for 40.6%
of all responses. Smart dumpsters are becoming increasingly popular due to their efficiency or the lack
of human interaction. 35.6% of respondents said that residential area waste policies are ineffective.
This shows that policy level development is required from a zone level viewpoint.Al-powered
technologies that will enhance waste management can be implemented into the policy. 37.5% of
respondents strongly contend that utilizing Al in waste management operations may result in data
privacy breaches. Policymakers need to recognize their concerns over Al and waste management. The
respondents judged cost effectiveness as neutral, obtaining 35.0% of all responses. This is due to the

cost of integrating technology into the collection of waste.
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Conclusion

Research paper delved into dimensions of applications on artificial intelligence and waste
management. This research explores socio-economic factors and the limitations of Al-powered tools
in improving waste management and urban sustainability. Al-powered sensors integrated with Internet
of things can efficiently segregate polluting elements like micro plastics, biodegradable, and non-
biodegradable waste, reducing costs by reducing truck usage, improving recycled product quality, and
preventing over spilling through careful material segregation. This research paper addresses research
gaps in the acceptance and literacy level of precise Al technology in waste management.
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