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Abstract

Rapid urbanization and an increase in populati®ultan the generation of a huge
amount of waste which is very difficult to manadens of waste are generated in
different sectors of the society. Proper waste mameent is essential for environment
protection, climate change mitigation, public hlealteconomic benefit, more
sustainable practices have to be adopted in omenanage the wastes generated.
Atrtificial intelligence offers solutions for properaste handling and management and
also to improve efficiency. The study examinesrtiie of Al in advancing sustainable
waste management. The main objective is to assmgAhtechnologies can improve
collection, sorting, transportation, recycling, amshergy recovery, while also
identifying the challenges associated with theiplementation. The study adopts a
descriptive research design and relies entirelysecondary data collected from
published reports, academic journals, and goverhswnces. The findings reveal that
Al integration enhances efficiency, reduces carbomssions, and supports circular
economy practices, although high investment cdistged infrastructure, and lack of
skilled manpower remained significant barriers. Bhedy concludes that Al-driven
waste management provides a cost-effective andisable solution for mitigating the
growing waste crisis, and emphasizes the need dppastive policies, capacity
building, and public—private collaboration to makimits impact.

Keywords- Artificial intelligence, environment protectiosiistainable,
sustainability, waste management.

Introduction

The world is facing a severe waste managemesisctons of waste are being
generated daily. This increase is due to increag®pulation, urbanization and also
many other natural processes such as natural elisastecomposition. The waste
generated has so many negative impacts on envirtrene also public health. These
include environment pollution, economic losses,malie change etc. Proper
management of waste is essential for protectiogaath and life on earth. Ineffective
waste management severely affects the environmfetording to reports India
produces around 48 million tons of urban solid wadbne annually with 0.4kg per
capita per dayCPCB, 2020). 5.4 million tons of bio-medical waate also generated
annually and hazardous waste amounts to arounailli@n tons (MoEFCC, 2021).

In India nowadays, waste management primarily ists1sf collecting waste from
industrial and residential areas and disposingioflandfills. The customary procedure
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is to lift solid trash from the point of origin amGhnsport it to remote locations known
as dumping grounds and/or landfill sites for digpohe authorities, who are typically
municipal, are required to handle solid waste e atithin their respective boundaries.
Traditionally, waste managememas carried out through manual sorting and
disposal, which was inefficient and time-consumingday, however, the integration
of Atrtificial Intelligence in waste managemehts produced promising results.
Artificial intelligence enhances waste managemeatfces by sorting and disposing
of waste generated in efficient, more economical also in a sustainable manner.
Thus, in today’s world inculcating Artificial intégence in waste management is very
essential for the protection of environment.

Significance of the study

Al in waste management uses technologies thatistoos machine learning,
computer vision and IOT which allows increased ofing rates and reduces the impact
on environment. This study contributes to a shdtrf traditional waste management
process to a more advanced and sustainable médtthetps in developing new policies,
regulations and standards for waste managemenn Aaste management helps in
creating a more sustainable and environmentallys@ons future through modern
technology. It paves the way for future researdhd@daevelopment in this field.

Research Methodology

This study adopts aescriptive research designand relies exclusively on
secondary datafrom academic journals, government reports, patioguments, and
reputable online sources. Secondary data was clesause Al in waste management
is a developing field with abundant published stedand statistical evidence already
available. Using such sources allows for broadeeage of global and national
perspectives without the time and resource demanfidgrimary data collection.
Moreover, reliance on peer-reviewed and officigdarts enhances the credibility and
reliability of the findings.

Review of literature

B. Fang, J. Yu, Z. Chen, A. I. Osman, et al. (908Rnd that with the use of Al,
transportation was reduced, and that Al could imprmwaste pyrolysis, carbon emission
estimation, and energy conversion.

D. B. Olawade, O. Fapohunda, O. Z. Wada, S. O.dusiA. O. Ige, O. Ajisafe, B.
|. Oladapo, Smart waste management (202d4idied the role of Al in waste
management, collection, sorting, and recycling.ylinated that Al had the capacity to
revolutionize waste management but emphasizedittweds essential to address the
challenges associated with its implementation.

Prabhakar, Vikram (2024) Prabhakar, Vikram (20@4russedthe changes that
could be brought about with Al in collection, sagj and recycling. Hexplainedthe
four key stakeholders involved: recyclers, consangovernment, and brands.
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Ahmed, A. A. A., & Asadullah, A. (2020Jiscussedartificial intelligence and
machine learning in waste management and recyclihgy reported that plastic
recycling was carried out by robots in buildingudyf automated home.” Use of smart
automation methods in waste management was highbilfle and time saving.

Sharma and vaid (202t)scussedthe emerging role of Artificial Intelligence in
waste management practices. Thegued that solid waste was a serious threat to the
environment and that the use of Al in waste managentould save time and
significantly reduce carbon emissions.”

Objectives of the Study
» To assess fund allocation for waste managementiia.l
» To identify the role of Al in improving sustainabld@ste management in India.

* To identify the problems and challenges in impletimgnAl in India.
Artificial Intelligence and India

Artificial intelligence is computer system thatmmcs human intelligence. It is a
tool that people use all over the world to makedsetecisions. It has gained popularity
in less time due to its wide application. Many cini@s in the worlchave adoptedthe
use of Al in waste management.” For the sake ofltiagan economy, the Indian
government established Many of the counties inttbdd have adopted the use of Al
in waste management the Task Force on Atrtificilligence in 2017. However, three
industries—healthcare, agriculture, and fintech—ticare to be the emphasis. Tons of
waste are generated from Indian cities. Plastidevissmostly generated from Indian
cities like Delhi, Mumbai, Chennai and Kolkata. Acding to studies Maharashtra and
Delhi generated MSW and plastic waste than anyrostetes in India. If Al is
introduced in these places waste can be reducadbarge extend. According to recent
report in Times of India Cochin Smart Mission iamhing to introduce Al based solid
waste management. One of the reasons of neglegtistg management is lack of fund
at municipal level and in most of the countrieé\gia private sector is not interested in
engaging in waste management due to lack of ineesand low rate of return.

Al can provide solutions to various problems Inasafacing now, such as
unsustainable agricultural practices, food secuhniéalthcare, education and inequality
urban waste, management etc. Al enabled smaraiioig system, climate monitoring
tools, and online-based market places can createesahance sustainability. Al and
machine learning advancements can transform Isd@agergy sector. For urban waste
management more efficient and cheaper recyclinggsysan be created.

Waste Management Using Artificial Intelligence

Generation of municipal waste is expected to imeedby 165 million tones by the
year 2030(World Bank, 2018). Waste is generated due to facsuch as rapid
urbanization, lack of collection infrastructure,effective way of sorting waste.
Reducing waste requires active community particypatrecycling, proper segregation,
use of technologies.
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With the use of Artificial Intelligence processaidllection, sorting, classification
can be done effectively. Following are some ofrttethods

Smart bin system

Garbage bins use sensors, data analytics and atibonto collect waste, smart
bins are more efficient way of collecting and segteng waste. It contains sensors that
help to track waste management process. It foousaw/o factors such as automatic
waste collection and monitoring. This bin redudeswide spread of diseases and also
enhances the city’s overall environment.

Waste sorting robots

Waste sorting robots identify and sort differgmtets of waste, they use a computer
vision system to sort waste. These types of roasfficient but at the same time it
requires huge maintenance coee robots use a computer vision system and deep
machine learning to identify and classify differéyppes of waste, including plastics,
metals, paper, and organic waste. This informasdhen sent to a robotic arm, which
picks the classified items, before sorting thero thieir designated bins.

Material recovery facility
Carbon tracker

Al monitors emissions from coal- burning througitedlite data. So, it helps in
reducing carbon footprints.

Sensor-based waste monitoring

Senor-based waste monitoring systems use seniwaskdhe amount of waste that
has been disposed, and identify the sources ofewast it also controls the waste
treatment process effectively.

E- waste management

Al sorts and segregates electronic waste, Gemerdti helps in designing the
products which uses less raw materials thus e-en@st be reduced to a large extend.
Al also helps in identifying the reusable parteefvaste which is considered to be a
difficult task.

Use of Al for Waste Management in India

Bhopal Municipal Corporation has implemented Alabled waste management
system, GPS and sensors are installed on waseetofi trucks.

Pune Municipal corporation employed Al based sagrtitechnology. This
technology sorts Recyclable and Non-Recyclable evagtusing computer vision and
machine learning. This technology proved to be $0%cess

Bengaluru uses advanced analytics and machinerdalgorithms to analyses data
and waste generation patterns. This analysis eligentifying areas with high waste
generation, peak waste generation times and typaste generated.
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In Delhi Al has been applied to waste to ener@nd. Al software is installed.
This reduces waste and increases energy recovery.

In Mumbai a startup has been set up at low casletatify and separate recyclable
waste from mixed waste.

Maharashtra has implemented decentralized miewycting centers. This helps
in reducing transportation cost of carrying wastd helps in re-cycling the waste.

Challenges Faced by Al in India

Data concern- Al is based on a huge amount ofidential data. Thus, in order to
implement Al needs high security and keep datarsecu

Lack of skilled people- Al needs skilled peopleuse the system effectively.
Proper training and education have to be provideiddrease skill of people in using
Al but the cost of training and education is high.

Huge investment- implementing Al in waste manag@meequires huge
investment but India lacks investment which is gomehallenge for implementing Al
in India. So there is a need for cost- effectiveslution.

Limited infrastructure — Many regions in India kgaroper infrastructure facilities
to implement waste management technologies. Iméretstre development is essential
for proper implementation of Al for waste managemen

Expenditure for Solid Waste Management and Sanitatin in India

In 2014 government of India’s Ministry of Housiagd Urban Affairs launched a
flagship 5-year Swachh Bharat Mission for achievif@% open defection free status
and 100% scientific solid waste management. Simedaiunch of the SBM in 2014, the
national government’s per capita expenditure onta@n and SWM in urban areas
has increased fro6.5 (6.3% of total expenditure for urban developthén fiscal
year 2015 t®13.9 (2.7% of total expenditure for urban developthé fiscal year
2022 a cumulative annual growth rate of 11.5%.

Aureole,Vol.XVII, 20258l



ISSN: 2249-7862 (Print): 2455-877X (Online)
www.aureoleonline.in

Table 1

Expenditure for Solid Waste Management and Sanitatiin India, 2015-2022
Fiscal Year| Budget Estimate(Crores)| Actual Expenditure Crores)| Utilization (%)
2015 16,905.0 8,595.0 50.8
2016 14,000.0 11,081.0 79.1
2017 23,000.0 21,372.0 92.9
2018 25,500.0 25,406.0 99.6
2019 30,000.0 25,097.0 83.7
2020 13,000.0 13,377.0 102.9
2021 10,008.0 10,002.0 99.9
2022 20,000.0 19,692.0 98.5
Total 153,500.0 134,623.0 —

Note. Data adapted from Government of India, Migistf Housing and Urban Affairs (2023).
Findings and Conclusion

Waste management is a major concern that worlé&amg today. Population
growth and rapid urbanization will increase the ammf waste generated. In order to
tackle the issue proper waste management is neges$sa study finds that waste
management remains a major challenge in India,edritty rapid urbanization,
population growth, and limited infrastructure. Gowaent expenditure on sanitation
and solid waste management has increased steaubly 2015, with utilization rates
exceeding 98% in recent years, showing strong @iahcommitment. However, the
adoption of Artificial Intelligence in waste managent is still limited due to high
investment costs, lack of skilled manpower, andka@anicipal-level infrastructure.
According to reports, waste generation is projettedse by73% by the year 2050
(World Bank, 2018What a Waste 2.0)

The evidence suggests that Al can significantlyrione efficiency in waste
collection, sorting, recycling, and energy recoyemhile reducing environmental
impacts such as carbon emissions. Policy implioatimclude the need for stronger
public—private partnerships, incentives for teclggladoption, and capacity-building
programs to train professionals in Al applications.

Future research should focus on evaluating pitojepts of Al-enabled waste
systems in Indian cities, developing cost-effectiké models tailored to local
conditions, and exploring the integration of Al itircular economy approaches. By
aligning technological innovation with supportiveolipies, Al-driven waste
management can play a transformative role in aaigesustainability goals.
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