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Abstract 
Population growth, urbanisation, and industrialisation will all rise in the actual world. These 
increased the rate at which municipal solid garbage was produced. The way solid waste is 
currently disposed of may be contributing to an expanding issue. It has the potential to change 
the previously reliable trash disposal procedure; it needs to be shown sustainably. In order to 
maximise the use of resources, this study suggests a circular economy model. It also lowers 
waste through an open-loop strategy, which is suitable for waste management. IoT-enabled 
smart governance for trash management. The Internet of Things is used as the driving 
innovation in waste management and is regarded as one of the most significant forerunners 
of technological advancement. The circular economy model is better than the linear economy 
model. They provide better accuracy, runtime as well as efficiency. 
Keywords: circular economy, open-loop approach, government recycling program, IoT, waste 
management, Zero waste. 

 

I. Introduction 
Commercial and domestic trashes that can be 

produced in a municipality are both included in 
municipal solid waste. Including treated bio-
medical-based wastes but omitting industrial 
hazardous wastes, where it is in semi-solid and solid 
formation. Governments can designate specific 
locations, towns, and cities where municipal solid 
trash is prohibited. They hinder compliance as well 
as the intention and the features. The municipal 
organisation known as house-to-house organising is 
responsible for collecting municipal garbage using a 
variety of methods, including regular pre-informed 
duration, collection based on home-to-home 
contact, and collection based on community bins. 

The recovery of trash from squatter and slum-based 
neighbourhoods as well as sites like eateries, workplaces, 
complexes, and commercial venues. The wastes come 
from meat markets, seafood markets, and home 
produce markets, Wastes containing a medicinal 
component cannot be combined with municipal solid 
garbage. Similar to this, industrial trash cannot be mixed 
with municipal garbage and must follow guidelines that 
can be sufficiently segregated. Hard-driven carts and 
small vehicles can both be used for rubbish collection 
from residential areas and other kinds of locales. 
 
aPh.D Scholar, Department of Information and Communication 
Engineering, VSB Engineering College, Karur. 
 Email: sugirpraba@gmail.com 
bProfessor, Department of Computer Science and Engineering, KSR 
College of Engineering, Tiruchengode.  
Email: sachinnithya2@gmail.com 
cAssociate Professor, School of Information Technology and 
Engineering, VIT, Vellore. Email: nithya.s@vit.ac.in 

Processing of Municipal Solid Wastes 
The local authorities can use a combination of 

different technologies and appropriate procedures. 
Making use of the garbage is beneficial. 
Additionally, it lessened the load on landfills. The 
following can be used to describe something: With 
the use of composite, vermin compost anaerobic 
digestion, and any other suitable biological 
preparation for stabilisation, biodegradable wastes 
can be processed. The mixed-based trash also 
adheres to the recycling pathways and may be 
needed to contain resources for the recoverable. 

The production of trash from commercial, 
industrial, and residential locations. It may be 
gathered. It can be stored in specific ways and is 
processed as well. They are put together with the 
aid of little cars. They receive assistance with both 
recycling and reuse of the garbage. Finally, it can be 
thrown away. 
 

Efficient Management of The Solid Wastes: 
A solid waste management system that is 

managed effectively can be necessary to provide 
both safety and excellent health. More worker 
safety may also be necessary for the public's health 
in order to stop the spread of more diseases. 
Effective solid waste management can be done in a 
way that is both environmentally friendly and 
economically viable. Reduce the durable 
environment. Economic sustainability should be 
produced at a cost that the community can support. 
The two factors, such as price and ecological 
impact, are more challenging to reduce. There is a  
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cost to this. They also strike a balance between the 
effects that the reduction in the environment as a 
whole has on waste management. 

The strategy can be followed to create a solid 
waste management system that is both 
economically and environmentally sustainable. 
Depending on the solid wastes, a variety of 
materials may be dealt with in this. When the 
source of management is more effective in terms of 
the specific content's economic and environmental 
implications, it also discovers the sources of the 
necessary technology. Sustainable wastes can be 
performed in some devices for the stream 
separately. The efficient management of the waste 
can be followed by, 

• The collection and transport of the wastes 

• Recover the resources by recycling as well as 
sorting. They also recover the materials such as 
paper, glass, metals, and so on from the 
separation. 

• Recovery of the resource from the wastes 
processing, restoration of the materials, as well 
as improvement of the energy, etc. 

• The transformation of the wastes there is no 
recovery of the resources. They reduce the 
volume, toxicity, and chemical or physical 
characteristics for the final disposal. 

 
Thus, for effective and sustainable management 

of waste, source, and composition, the rate of waste 
generation, collection, transportation, pretreatment, 
and disposal methods need to be understood. The 
efficient and the sustained management based 
materials, the composition and the sources at the 
range of generation, collect, transport facilities, pre-
treatment, they also help to dispose of. 
 

Factors 
The quantity of garbage that is generated for 

recycling, incineration, landfills, open-air dumps, 
and non-accounted for non-traceable disposal 
occurs in every country. The factors of the waste 
management system are presented below. 
Generation of waste in per capita: a kilogram of 
garbage can be produced per person 
Recycling process: the new materials are converted 
from the kilogram of wastes. 
Incineration process: the kilogram of disposing of 
wastes and the managing combustion. 
Landfills: the kilogram of disposing of wastes and 
the burials. For the entire types of discharges based 
sites such as unspecified, managing as well as 
sanitary. 
Open dump: the kilogram for the wastes is dumped 
illegally. 

 

 
Figure 1.1 Functional element of MSW 

 

II Related Works 
Velvizhi et al. (2020) noted that the rate of 

municipal solid trash output has escalated due to 
population growth, fast urbanisation, and 
industrialization. A growing problem is how solid 
trash is currently disposed of and it's an immediate 

need to shift the existing disposal processes to a 
sustainable manner. The circular economy (CE) is a 
theoretical framework that has been applied to 
reduce waste and improve resource consumption 
in a closed-loop system that could be useful for 
waste management. The current evaluation  
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provides an example of how solid waste can be used 
effectively in a closed-loop integrated refinery platform 
to recover bio-energy resources and create products 
with additional value. Advanced biological techniques 
could process the portion of solid waste that degrades 
while simultaneously producing bio-energy like 
biohydrogen, biomethane, etc. The non-biodegradable 
portion of solid waste could be applied to paving and 
construction projects. Overall, the study stresses how 
solid waste management paradigms have changed 
from a linear economy to a circular economy, which is 
based on the "Zero Waste" concept. 

Li et al. (2019) According to the statement, the 
present open-loop techniques used to make paper 
substrates repel water and oil for packing and non-
packaging uses have caused ocean contamination and 
put a heavy strain on landfills. In this study, we present 
a green, distinctive, and simple method for producing 
paper goods that are resistant to grease and water 
while maintaining 100% recycling of the paper pulp. The 
graft copolymer chitosan-graft-polydimethylsiloxane 
was created by grafting low surface energy 
Polydimethylsiloxane (PDMS) onto a bio-based chitosan 
polymer through urea linkages (chitosan-g-PDMS). 

RameshKumar, Shaiju, and O'Connor (2020) In 
order to attain sustainability, it was said that the 
boundaries of bio-based and biodegradable polymers 
are continually growing. Thus, creating bio-based or 
biodegradable polymers for sustainable bioplastics 
brings up possibilities to combat resource depletion and 
plastic pollution. This paper provides a comprehensive 
overview of cutting-edge techniques for producing 
bioplastics, as well as the difficulties associated with 
their development, use, and post-consumer waste 
management. The production and waste management 
strategies for sustainable bioplastics are continuously 
evolving and are not only restricted to those 
methodologies covered in this review. 

Nguyen and Curry (2019) Monitoring health 
status, preventing the building of harmful internal 
forces in damaged organs, and enabling novel 
techniques to use mechanical stimulation for tissue 
regeneration all depend on the ability to measure 
key physiological pressures. It is frequently 
necessary to implant pressure sensors and combine 
them directly with soft biological systems found in 
nature. Therefore, the devices must be flexible 
while also being biodegradable to prevent intrusive 
removal procedures that risk harming tissues that 
are directly interfaced. Here, we present a novel 
approach for material processing, electromechanical 
analysis, device fabrication, and evaluation of a 
novel piezoelectric poly-L-lactide (PLLA) polymer to 
produce a biodegradable, biocompatible piezoelectric 
force-sensor for the monitoring of biological forces  

 
that uses only medical materials frequently used in 
FDA-approved implants. 

Edupuganti and Solanki (2016) stated the 
emphasis has been placed on durable, long-lasting 
electronics. However, electronics that are meant to 
degrade over time intentionally can have significant 
practical applications. Biodegradable, or transient, 
electronics would open up opportunities in the field of 
medical implants, where the need for surgical removal 
of devices could be eliminated. Environmental sensors 
and, eventually, consumer electronics would also 
greatly benefit from this technology.  This work 
involves the fabrication, characterization, and 
modeling of a magnesium-based biodegradable 
battery. With AZ31, the maximum power and capacity 
of the fabricated device are 67 μW and 5.2 mAh, 
respectively, though the anode area is just 0.8 cm2. 
The development of an equivalent circuit model 
provided insight into the battery's behavior by 
extracting fitting parameters from experimental data. 
The model can accurately simulate device behavior, 
taking into account its intentional degradation. The 
size of the device and the power it produces are under 
normal levels for low-power transient systems. 

Niu et al. (2013) proposed a comprehensive 
process model developed to simulate municipal solid 
waste (MSW) gasification in a bubbling fluidized bed 
using an Aspen Plus simulator. The model is based on 
a combination of modules that the Aspen Plus 
simulator provides, representing the three stages of 
gasification (devolatilization, partial oxidation, and 
steam reforming). Increasing ER improves the CO yield 
and the carbon conversion of MSW at lower ERs. The 
optimal value of ER for air gasification of MSW in this 
study is found to be 0.35. The use of enriched air 
elevates syngas heating value and gasification 
efficiency by increasing the concentration of combustible 
components but shows little improvement at 
temperatures higher than 900 °C. Higher moisture 
content degrades the syngas quality and cold gas 
efficiency. Steam injection results in a higher H2/CO ratio 
and gasification efficiency. Optimal S/M value shifts from 
0.5 to 1.0, with an increase in OP from 21% to 100%. 

Dai and Zheng (2015) Allowing the design of a 
closed-loop supply chain network is one of the 
important issues in supply chain management. This 
research proposes a multi-period, multi-product, 
multi-echelon closed-loop supply chain network 
design model under uncertainty. Because of its 
complexity, a solution framework that integrates 
Monte Carlo simulation embedded hybrid genetic 
algorithm, fuzzy programming, and chance-
constrained programming jointly deals with the issue. 
A fuzzy programming and chance-constrained 
programming approach take up the uncertainty issue. 
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Pardini et al. (2019) with the increase in population 

density and the rural exodus to cities, urbanization is 
assuming extreme proportions and presents a huge 
urban problem related to waste generation. The 
increase in a waste generation has been considered a 
significant challenge to large urban centers worldwide 
and represents a critical issue for countries with 
accelerated population growth in cities.  Considering 
IoT requirements, a review analysis of waste 
management models available in the literature is 
performed in detail in this paper. Then, a deep review is 
undertaken of the related literature based on IoT 
infrastructure for efficient handling of waste generated 
in urban scenarios, focusing on the interaction among 
concessionaires and waste generators (citizens) from 
the perspective of a shorter collection time with 
reduced costs, as well as citizenship promotion. An IoT-
based reference model is described, and a comparative 
analysis of the available solutions is presented. 

Tisserant et al. (2017) The quantitative framework for 
developing and evaluating circular economy policy 
instruments is provided by the proposed comprehensive 
and precise accounts of waste creation and treatment 
(CE). We provide a harmonised multiregional solid waste 
account for the year 2007 that covers 48 global regions, 
11 different forms of solid waste, and 12 different waste 
treatment techniques. The account is a component of 
the physical layer of the multiregional supply and usage 
table known as EXIOBASE v2. To calculate the solid waste 
footprint of national consumption, a waste-input-output 
model of the global economy was created using 
EXIOBASE v2. An estimated 3.2 Gt (gigatonnes) of solid 
waste were produced worldwide in 2007, of which 1.5 Gt 
were recycled or reused, 0.7 Gt were burned, gasified, 
composted, or used as aggregates, and 1.5 Gt was land 
filled. Patterns of waste generation differ across 
countries, but significant potential for closing material 
cycles exists in both high- and low-income countries. The 
EXIOBASE v2 solid waste account is based on statistics of 
recorded waste flows and therefore likely to 
underestimate actual waste flows. 

 
Van Fan et al. (2020) established that one of the 

problems caused by the expansion of the economy 
and urban population is municipal solid waste 
(MSW). In order to support a circular economy, this 
work intends to establish an integrated design of 
waste management systems using the bipartite 
graphical optimization tool known as P-graph. 
Based on various country income levels, the case 
study takes into account four MSW compositions. 
The most effective treatment strategies are 
determined by solving the P-graph model, which 
takes into account the economic balance between 
the primary operating cost, the kind, yield, and 
quality of the products, as well as the GHG emission 
(externality cost). The ideal approach for a low-
income nation combines at-source separation, 
recycling, incineration (for heat and energy), 
anaerobic digestion (for biofuels and digestate), 
and land filling. It prevents a projected411 kg 
CO2eq/t of processed MSW and achieves a potential 
profit of 42 €/t of processed MSW. The optimization 
generally favors mechanical biological treatment as the 
country's income level rises, which affects the 
composition of the MSW. The highest-ranking treatment 
structure and overall profit are significantly impacted by 
the relative costs of biofuels, energy, and heat (>20%). 
This study demonstrates the usefulness of the P-graph 
framework as a planning tool for MSW systems. 
Localized data inputs for future research can be fed into 
the suggested framework for a tailored solution and an 
evaluation of the economic viability. 
 

III Proposed Work 
3.1 Circular Economy 

The circular economy refers to a situation in 
which materials can be preserved in both the 
production and consumption cycles. When 
opposed to a circular economy-based strategy, the 
current linear economy is less accurate, efficient, 
and scalable. Figure 1.3 below illustrates how the 
circular economy is represented. 

 

 
Figure 3.1 Circular economy methods 
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The process then continues through the output, 

which can have both similar environmental and 
economic benefits. Figure 3.1 depicts the circular 
economy's input and output flow. 
 
3.2 Open Loop Approach 

When the materials may be recycled according 
to a predetermined method, the open loop 
technique is often used in recycling processes. The 

circular economy model takes into account the goal 
of the open-loop method, both the process of the 
system with the stocks and the process' change. 

The post-user channel can be activated from the 
output of the system for recycling, reusing, as well as 
disposal of garbage wastes. These are contributed to 
the landfills. There is some limitation in the channel 
based on the reuse, that can be activated in the past 
of the disposal occur in the wastes. 

 

 
Figure 3.2 Open-Loop approach flow 

 
3.3 IoT-Enabled Service in Waste Management 

The internet of things is to contribute to forming 
advanced platforms for waste management applications.  

It can be used as high quality service in the collected 
waste. Figure 3.3 shows the IoT enable service in 
the waste management system. 

 

 
Figure 3.3 IoT enable service in the waste management system 
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The IoT allows for effective waste management 

system management. Here, an Arduino Mega, an 
ultrasonic sensor, and a Raspberry Pi are used. as a result 
of monitoring the complete waste management system. 
 

Methodology 
The Arduino mega based board is more compact 

when compared to the Arduino UNO. The signals 
can be identifying. 
 
i Ultrasonic sensor 

The sensor is a component of the hardware 
system that may be used to detect distance; it 
transmits and receives sound waves with the aid of 
an ultrasonic transducer. The information being 
relayed is back-based proximity object data. It is 
regarded as an electrically powered device. 
Additionally, they transform the sound into an 
electrical signal. Better is the ultrasonic sensor. 
because it moves more quickly than the sound can 
be heard. According to the waste management 
statute, the firm, the owner of the property, and 
private individuals are all considered holders of 
garbage. These are taking into account the waste 
management system's most basic duty. When a 
municipality should be held responsible for the 

exemption to a particular regulationparticular 
manufacturers that can have waste management 
organizing. Which is considered more reliable? Now 
we need to calculate the distance from our 
ultrasonic sensor, which can be calculated in the 
formula. The formula is shown below. 

Distance of the sensor =  

Where, T is represented as the Time 
And C is represented as the speed of the sound 

 
ii Ardunio Mega 

The Arduino Mega is regarded as a board with a 
microprocessor on it. It supports AT Mega 1280. It 
includes a 16 MHz oscillator-based crystal, four 
UART serial ports, 54 inputs- and output-based 
pins, and an oscillator-based crystal. The board can 
now be powered by an adapter or battery and 
connected to the computer using a USB cable. 
 

IV. Results and Discussion 
4.1 Stability 

It is potentially cheap and straight forward to 
implement, making it ideal for use in well-defined 
systems. It is more stable when compared to the 
existing approach. 

 

 
Figure 4.1 Stability 

 
4.2 Percentage Weight Loss Vs Incubationtime 

The Percentage weight loss of plastics in the 
simulator as a function of incubation time are 
shown in the below figure 1.8. 

 

 
Figure 4.2 Percentage weight loss Vs. Incubation time 
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4.3 Runtime 

When compared to current technologies, the 
suggested method (the circular economic model) is 
extremely quick (linear economic model). Figure 
1.9, which shows the runtime of both techniques, 
appears below. 

It is a conventional model based on the 
resource-use triangle of "take-make-consume-
waste." Once a product has completed its life cycle, 
the basic material is turned into garbage. The 
capacity for the planet to sustain itself will reach a 
tipping point. 
 

 
Figure 4.3 Runtime 

 

4.4 Efficiency 
In comparison to the present linear economic 

model, the proposed technique (the circular 
economic model) is more efficient. Below figure 
1.10, the effectiveness of both approaches is 
displayed. 

 

 
Figure 4.4 Efficiency 

 
4.5 Accuracy 

In the proposed technique (circular economy) 
occurs the maximum accuracy when compared to 
the linear economy. The accuracy of both methods 
is shown below figure 1.11. 

ACCURACY= (TP + TN)/(TP + TN + FP + FN) 

 
Figure 4.5 Accuracy 

 

 
The figure 4.5.1 represents the comparison of the time taken by the classifier. 

0

10

20

30

40

50

60

70

80

90

0 15 35 55 75 95

runtime%

time (ms)

cicular
economy

linear
economy

0

20

40

60

80

100

1
0

3
0

5
0

7
0

9
0

efficiency 
%

time (ms)

circular
economy

linear
economy

61 Prabakaran Selvaraj, Dr. Nithya N S, Dr. Nithya S 



                                                                                                                                REVISTA ARGENTINA 
                                                                         2023, Vol. XXXII, N°1, 55-62      DE CLÍNICA PSICOLÓGICA 

 

5. Conclusion 
The circular economic model is suggested in this 

paper as a solution to the problem of waste 
segregation in homes, businesses, and other 
settings. The ultrasonic sensor is used by us for 
detecting. The waste items can also be 
distinguished with the aid of this sensor. This makes 
it easier to efficiently and effectively remove waste 
from a dumpster. the proposed method of 
circular economy using an open-loop approach 
outperforms the results of the currently used 
method of linear economy in terms of sensitivity, 
runtime, accuracy, and efficiency. 
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