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This article suggests and explains a smart
solid waste monitoring and collection
system. The system is composed of
intelligent storage units, also known as
smart bins, each of which has an Arduino
Uno, an ultrasonic sensor, and an RF
transmitter attached on top. A message
(SMS) is delivered to the truck driver's
mobile phone informing him or her which
garbage bin has to be emptied when a
container is full with waste. The control
center receives this signal and has
information on how much rubbish is in
each container. Lastly, a productive system
and waste disposal strategy are offered that
might be used in the future to boost
efficiency and cost-effectiveness.
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. INTRODUCTION

The rapid growth of industrialisation and human ydapon has resulted in increased
amounts of rubbish generation in metropolitan ardas conserve the environment, the
number of garbage cans should be raised and staltggositioned for real-time monitoring
and pickup. Without adequate trash collection argpasal, rubbish containers would be
overfilled and spill out into the surrounding areausing health hazards for humans and the
environment (Akhil 2017). In city life one of theast important components is Municipal
Solid Waste (MSW) . Annual solid waste creatioexpected to exceed 1.3 billion tons, with
a projected increase to 4.3 billion tons by 202bew50% of the world population would be
present (Hoornweg and Bada, 2012).Coordinating aggabcollection is one of the most
challenging professions in the rural setting dueth® enormous volume of solid waste
produced by residential and commercial-industriglaa. Furthermore, garbage collection
accounts for 50-70% of total solid waste manageroestis. Because of the enormous amount
spent on collecting, there is only a little amowtcessible for collection enhancement
(Tchobanglas and Kreith ,2002). The waste manageoyefe begins with the production of
rubbish from companies, homes, markets, and othexcss, which is subsequently disposed
of in garbage cans. Municipalities gather thishraad dispose of it in dumping zones and
landfills. Some waste is not collected because fac& of resources and an ineffective
foundation, causing a significant health dangethwlocal environment. Cleaning at regular
intervals may be able to solve this problem. Malyumhcking the status of the bin, on the
other hand, is a difficult operation (Singh et2816). A smart garbage monitoring and
collecting system is being created in order to aveey and time on waste collection while
simultaneously protecting the public environment)muhealth, and providing a safe living
environment. Waste collection and monitoring emjpigycutting-edge technology such as
Radio Frequency (RF), ultrasonic sensors, GSM/GP&%®| Arduino provide a fresh
viewpoint on waste management system optimization.

II. CURRENT STATUSOF INDIA

According to the CPCB Report 2013, no city in Indd@hieves 100% trash
segregation, and only 70% of total garbage is ctdbh and segregated at housing sites. The
remaining 30% of uncollected rubbish is left in thevironment or gets mixed up. The
fundamental issue is that only 12.45 percent of ¢bkected garbage is handled under
scientific circumstances, while the rest is dumimeopen places shown in figure 1.
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Figure 1: Current waste management statistics of indians (Joshi et al., 201¢€
India's waste generation

India is become more urbanized while preservingditgerse physical, climatic
geographic, ecological, social, cultural, and lisgja characteristics (Bhalla 2013). Frc
1028 million in 2001 to 1252 million in 2013, Ingpopulatiorrose.According to the 201
Census of India, population increase in India istiydo blame for rising MSW. The scale
India's megacities is expanding. A recent develapgni@ked to economic, cultural, ai
technological globalization is the emergend megacities (ISWA) (International Sol
Waste Association 2012). Ahmedabad (6.3 million ghe)p Hyderabad (7.7 million
Bangalore (8.4 million), Chennai (8.6 million), Kalta (14.1 million), Delhi (16.3 million
and Greater Mumbai are some of the ncities in India (18.4 million).

From generation to final disposal, municipal salidste management operations r
be divided into six functional areas (Ashish e2l14)

Waste production
Waste storage
Gathering
Transportation
Sorting & Processing
Disposal
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[11.WASTE SEGREGATION

loT for waste segregation was introduced by Lopesl Machado in 2019.
Additionally, the framework separates trash atfémeily unit level into three categories: dry,
moist, and metallic waste. It also helps with omgomonitoring of trash levels in dustbins.
Additionally, it makes use of GSM and Arduino tmshthe amount of trash in the trash cans
on an LCD screen and send a message to clean up iwhe full. A simple garbage
monitoring system was developed to aid the Swadhdwrd Abhiyan by Bharadwaj B et al.
The main goal of the project is to segregate tcdghe same type and place it in a transit line
with dry waste collected containers on one side \@atlwaste collected containers on the
other. The broader public will have access to thta.dUsing this tool, we can quickly
validate the information and locate the vehicleoighe and Couderc (2013) created
intelligent garbage management using self-desedpproducts. The major objective of the
framework is to continuously reuse and minimizet@a$he delivery of each item is tracked
using RFID technology. Additionally, it uses inergere QR code technology. Glass, plastic,
and paper/cardboard are the three categories ihtchwubbish is divided using the data
collected. Throughout the recycling process, thmitdeof the trash in each container are
crucial. According to Singh et al. (2014), munidipalid waste has increased significantly.
Municipal solid waste can be sorted using the hexkitpg method. It can only separate bulk
materials; that is all it can do. Inorganic minerare separated using trammel screens,
whereas ferrous and nonferrous metals are sepanaiteg magnetic and electromechanical
equipment. Segregated trash is burned to decreaste wnd recover energy. The components
of solid waste that are appropriate for the theromalversion process can be classified and
separated.

IV.WASTE COLLECTION

The researchers want to identify problems with weeste collection process and
provide methods to increase efficiency. The modetlivided into three sections: a data
collecting layer, a waste disposal approach, amshtdisposal zones. The ultimate product is
a comprehensive framework with Inputs, Outputs,d@sj and Enables. The information is
stored on a cloud server run by the regional adstration (Lokuliyana et al., 2017). The
proposed waste recognition system includes a cam®®&S, RFID, and GPS. The system
reads the RFID waste tag and transmits informadioout the garbage in the trash can. The
sent information is stored in a centralized momigrfacility and utilized to regulate the
waste disposal procedure. MATLAB image processoajstand the MySQL data server are
used to gather the bin images (Islam et al., 2012¢. developer created an I0T-based clean
organization system that tracks garbage levels alolmstbins using sensor structures. This
system responded as soon as the GSM/GPRS concerndesatified. The result is then
shown in an Android app so that the user may ledrere the trash can located. As part of
the improvement interaction, the model looks atderelated to fuel consumption, toxin
releases, truck speed, and carrying limit.

1. Waste collection using solar methods. Kabir et al.,2020 presented a smart waste system
based on IOT and regulated by sunlight. There iseeréceptacles nearby that are wired
to the Arduino Mega. The sun-oriented force prosi@ach waste with controlled DC
capability. When the canisters reach an abnornmiatiip amount of waste, a warning is
sent by both electronic and SMS alerts.

Copyright © 2024 Authors Page | 252



Futuristic Trends in Biotechnology
e-ISBN: 978-93-6252-520-8
IIP Series, Volume 3, Book 16, Part 4, Chapter 3
A SMART WASTE MANAGEMENT SYSTEM FOR MONITORING, COLLETION, AND
PROPER DISPOSAL

2. Waste collection using machine learning: An IOT-based system for clean organization
was developed by the developer, and it uses sestsmtures to detect rubbish levels
above dustbins. When the GSM/GPRS issue was dismbyvéhis system responded
immediately. The outcome is then shown in an Ardlapp so that the user may find the
location of the trash can. The model examines bbgalinked to fuel usage, toxin
emissions, truck speed, and carrying limit as pathe improvement interaction.Catania
and Ventura (2014) created the Smart-M3 platforrictv allows data to be exchanged
between devices while remaining flexible. The ctédvamework depicted focuses on two
structures: the first is aimed at governments amehiely owned businesses in order to
design an ideal asset management and waste cofientiangement; the second is aimed
at residents in order to allow them to know theditton and location of the nearest
canisters and encourage them to reuse.

3. Waste management using cloud: The method for controlling household waste was
proposed by (Yusaf et al.,2017).The Arduino Unoeirees data from the ultrasonic
sensor, which counts the amount of trash in eacitageer. Additionally, to show the
threshold level, different colored LEDs are inteégdaonto the sensor platform of the bin.
The framework developed is particularly useful imcreasing local communities'
proficiency in good waste management. The autheates a revolutionary garbage
sorting system using deep learning to encourageerand elimination. In the Darknet
neural organizing system, the YOLOv3 computatiors wenployed to produce a distinct
set of data. YOLOV3 has difficulty distinguishingttveen things made of more than two
materials according to Kumar and his colleague®Z28hown in figure 2.
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Figure 2: Cloud-based smart waste management architectuma(Aat al., 2016)

Sensors in each bin in the planned Cloud SWAM detecamount of garbage in
the container. Figure 3 shows the smart bin, with (B), and (C) exhibiting several
containers for each type of garbage, including igaplastic/paper/bottle, and metal.
The status shows the amount and kind of garbagey lweillected, and each form of trash
is already separated in this way. This kind of ggparated garbage is used, to name a
few, in Korea, and it greatly aids trash managemkn{D), an example of a warning
message appears when the trash level exceeds diespdevel at which garbage
collectors must plan collection. While (E) showstthhe bin is empty, the user and
garbage collectors are kept up to date withoutrigate reach for it or open it to verify the
status.
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Figure 3: Smart bins for different waste categories, equippitd waste status notificati.

4. Waste collection using Internet of Things (IoT): Municipal governments ar
legislators are working hard to improve rubbishexilon anddisposal in cities. The bi
is separated into three <«canisters, each of which collects a distinct sbmubbish. To
recognize garbage in the bin, an infrared sensemisloyed. A moisture and metal sen
is used to distinguish between wet and mewaste. Bins are located using G
technology. The trash information obtained is tfamed via the ESP8266 wife modu
On the Thinkspeak server, the waste count is uddé@ewndharya and Savitha,20:
Chitluri Sai Srikanth et al. presented a smart @ management syste-based rubbish
collection solution based on | shown in Figure As a result, we can maintain proj
separation from the contaminants indicated by thshtan, and waste stink is redu
(Jasmin et al.,2021). Waste managemdifficulties, according to the author, &
increasingly deteriorating. Temperature and humidénsors are used to distingu
between wet and dry waste. The junk data is predesssing a Raspberry
microcontroller. The devices' masslave design rades connectivity problems
faraway locations (Elhassan et al.,20
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Figure 4. Waste collection (sourc-Sowndharya,201

Waste monitoring: Navghane et al. (2016) guarantee that the trashidbhbe cleaned a
soon as the rubbish level reachecrucial level. If the garbage can is not emptyabert
is sent to higheups, who can then take appropriate action. Theéegfydowers total cost
while also reducing corruption in the managemerstesy. The cloud maintains d:
about the volume and kd of rubbish. As a result, getting data from theud is
straightforward. Furthermore, based on the statéefvaste container, professionals
choose the collecting technique. It increases #ffieiency (Aazam et al.,201(

As a waste managemerolution, (Zavare et al., 2017) and associates efifea
smart container with a distinctive ID. The trashnagement company is notified of t
holder ID and region when the compartment is filled the (GSM) warning signe
Additionally, after trash colction, the appropriate authorities are informedhef state o
the empty container.
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V. CONCLUSION

Local urban solid waste avoidance and recyclingcartecal, rather than depending
primarily on regional treatment and disposal. Alitbb the specialized collection is
necessary, it puts current waste collection systemider strain. In order to close this gap and
create an effective, efficient, and sustainablen pthis study established a smart and green
system (SGS), which combines the thorough integmatf multiple informatics with the
strategy of sustainable waste management. Numeexisological developments have
created new opportunities for better service dejivdnother area where present technical
capabilities may be put to greater use as the ptipanlgrows and lifestyles change is waste
management.A number of environmental authoritie$ jparties are involved in the waste
management process. A solid waste management systessential for improving not just
the entire process but also garbage disposal. Reodor waste management may also
benefit the food sector, healthcare, tourism, ahéradbusinesses. The suggested cloud-based
waste management system provides a more effectarsen of processing and disposing of
garbage, as well as aiding in a variety of futuesearch topics such as food, hygiene, the
environment, socio-cultural challenges, lifestged so on.

In the future, this study might be expanded to ipocate case studies or country-
specific rubbish-generating trends. Big Data analysay be used to data from a variety of
sources.
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