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Abstract

The escalating global population and swift urbanization have expressively increased the
capacity of municipal solid waste (MSW) all over the world, leading to several defies counting
health issues, climate change, and social discrepancies. Policymakers are obstinately
exploring actual and viable solutions to discourse solid waste management (SWM). The
circular economy (CE) benevolences a critical approach for organized and favorable solid
waste management. This investigation highlights the indispensable elements for scheming
MSW management structure prejudiced by (CE) principles. The (CE) exemplary focuses on
the ideologies of (4R) Reduce, Reuse, Recycle, and Recover. The analysis underscores the
significance of amenities for cataloging and waste grouping, waste treatment progressions,
and the retrieval of treasured possessions from waste. It also deliberates the regulations
and the oddity of policies in (SWM), referencing illustrations from developed nations.
Additionally, the study deliberates the economic, social, and environmental extents of the
circular economy. It provides insights to achieve sustainable development using a CE-driven
system for (SWM), supporting for environmentally viable business observes, environmental
impartiality, and the enrichment of social well-being. The research distinguishes inclusive
commercial societies that have comprised the circular economy, determined towards
sustainability. It climaxes the ingenuities by well-known worldwide administrations
to lessen waste fabrication, incorporate substantial recycling and reprocess into their
maneuvers and products. The research bids visions into a system that indorses societal
affluence and harmony.

Keywords: Sustainable Development, Waste Recovery and Recycling, Circular Economy,
Literature Review

1. Introduction

The increasing amount of solid waste accumulation poses an extremely complex challenge
that needs to be addressed immediately. The World Bank estimates that at least 33% of the
total of 2.01 billion tonnes of (MSW) produced annually worldwide is not managed in an
environmentally responsible way (Sikder et al., 2024). According to Nevrly and Smejkalov
(2021), this negligence of natural resources increases detrimental effects on ecosystems,
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making it necessary to explore new paths to meet material as well
as energy needs while preventing resource depletion. A strong
solid waste management system presents a viable way to produce
energy and secondary materials without endangering the health of
the ecosystem. This means making the shift to a circular economy-
based strategy, in which materials are recycled in a closed-loop
system to reduce the production of waste.

Comparing emerging countries to OECD countries, solid
waste management is more difficult because of low recycling
infrastructure, low scientific consciousness, high costs, and
inadequate strategies (Budihardjo et al., 2022). Various obstacles
face urban waste management worldwide, such as inadequate
systems for waste separation and recycling, an inability to initially
separate both wet and dry waste, and a lack of knowledge regarding
the composition of solid waste system (Kumar & Agarwal, 2020).
As a result, the growing amount of landfills is a serious concern
because some of them take centuries to completely decompose,
and leachate leaks contaminate the environment, water, and soil,
putting public health at risk. If not recycled properly, everyday
objects can take a long time to decompose (Devi et al., 2024).
Comprehending the composition of MSW-—which normally
include 44% food and green waste, 17% cardboard, 12% paper and
plastics, 5% glass, 4% metal, 2% wood, rubber and leather (2%),
and other materials (14%)—is essential to streamlining the waste
sorting process. (Sondh et al., 2022). An ineffective mixed waste
separation, collection, and transportation upset the balance of the
environment, highlighting the significance of waste segregation
in lowering landfill volumes and reducing pollution. Each step
of the process—reusing and recycling, sorting and collection
of waste, recuperation of waste, and final disposal—improves
the effectiveness of the system as a whole. At every level, local
government and policy play a crucial role. Gasification, incineration,
and pyrolysis are examples of thermochemical conversions that
are practical for producing energy from waste; however, in order
to maximize input quality, proper waste pre-treatment is required
(Letcher, 2020). The division of waste and sorting involves the
use of a variety of techniques, including eddy current separation,
magnetic separation, trommel screening, and air separation, and
manual sorting (Funari et al., 2023). These techniques highlight the
significance of recycling and separation in order to divert materials
from landfills. The United Nations synchronizes waste management
objectives with sustainable development goals, acknowledging
solid waste management as a critical concern (Sharma et al., 2021).
It is estimated that by 2050, there will be approximately 2.4 billion
tonnes of CO2 equivalents annually due to climate change. This
highlights the circular economy potential management of waste
driven to address sustainable development and financial stability,
while protecting human rights and natural assets.

Throughtheefficientuse of natural resourcesandthe production
of commodities, Circular Economy (CE) offers a way to reduce the
burden on the environment. Its main benefit is that it promotes
growth in all areas—economic, social, and environmental (Ghisellini
et al., 2016). Adoption of CE is encouraged by many nations in an
effort to restore the environmental and economic health of their
regions (Herrador & Van, 2024). CE reduces the negative effects of
extraction, emissions, and disposal while minimizing pressure on
global resources by circulating resources within local economies
(Chowdhury et al.,, 2022). Numerous stakeholders, including
companies, politicians, and environmental organizations, generally
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hold the view that a CE-centric economy is unavoidable in the long
run (Almulhim, & Al-Saidi, 2023). According to Lei et al. (2021)
this model is perceived as a structured sustainable development
framework that attempts to recover critical factors of sustainability.

It is essential to regularly evaluate CE practices in the
social, economic, and environmental domains in order to track
advancements in sustainable waste management. A strong waste
management model requires the cogent growth of these three
pillars. Using the 4Rs (Reduce, Reuse, Recycle, and Recover) as a
framework for waste management, this study critically analyzes a
number of aspects of managing municipal solid waste (MSW) in
a circular economy. The collection, sorting, recycling, reuse, and
recovery of valuable materials are prioritized. In order to create
an effective waste management model, this study explores the
harmonious growth of social, environmental, and economic
dimensions, whereas prior research has mostly concentrated
on the environmental aspect. One important component of a
circular economy (CE) is material recovery from waste, which
includes obtaining valuable resources like electricity, fuel, oil,
fertilizer, animal bedding, and valuable metals. Leading companies
and organizations that have embraced the principles of circular
economy provide smaller organizations with inspiration to adopt
more efficient waste management practices and vision.

2. Methodology

The literature survey was conducted using a methodical
approach with the goal of gathering precise and pertinent studies.
Using terms like “Circular economy,” “circularity,” “solid waste
management,” “MSW management,” “three pillars of circular
economy,” “sustainable waste management,” and “exergy,” among
others, the process involved looking for research articles from
diverse websites including, Science Direct, Springer, Google Scholar,
Official websites and Research gate. The articles that came up in
these searches were carefully assessed by reading the titles and
abstracts. A shortlist of articles that closely matched the current
study was created in order to conduct a more thorough analysis. To
make the final selection in the detailed examination, the research
articles’ entire texts were carefully examined. Furthermore, a
search was conducted through the shortlisted papers’ references
to find more pertinent research articles. A summary of earlier
efforts in SWM that attempted to accomplish sustainability
through various tactics. In order to guarantee consistency in waste
management procedures, Section 2 of the review concentrates
on the function highlighting the effectiveness of solid waste and
subsequent organization. The concepts of the four Rs of solid
waste and its management, including Reuse, Reduce, Recycle and
Recover are covered in Section 3. The significance of these ideas in
developing a solid waste management framework that is effective
in promoting a circular economy is emphasized in this section. The
society, environment and economy, the three pillars of the circular
economy—are examined in Section 4 with reference to (MSW)
systems. It also emphasizes the goals of influential people around
the world who support incorporating a circular economy concepts
into waste management procedures.
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3. Results and Discussions:

Table-1 Key components and scope of earlier studies in the
fields of SWM and circular economy

Study approach Significant structures References
*MSW is considered to be a source of
sustainable energy. (Kaur et al.,
SWM and * Various wastewater methods are appropriate | 2023; Zhou &
applications for various types of waste. Zhang, 2022;
towards Waste- | ¢ Diverse techniques are used to manage Akinshilo,
to-energy waste: inert waste is dumped in landfills, 2019)
mixed MSW is burned, organic waste is
anaerobically digested, and wood, tires, and
plastics are pyrolyzed.
Green * Economic growth, reducing poverty, and | (Zhironkin &
Economy preserving the environment are the main | Cehlar, 2022;
goals of the green economy. Adamowicz,

* Emphasis is placed on the ideas of waste 2022;
pyramid, industrial ecology, and CE. Muljaningsih

* A cohesive set of rules and policies for waste | etal., 2022)
management can support the development of
a green economy.

A system for
managing
waste in
the circular
economy.

+Its main goal is to combine solid waste
management and the CE concept.

* Serious problems with the environment and
human health are the result of ineffective
waste management.

* CE strategies such as recovery, recycling,
repurposing, restoring, reuse, etc., can
promote economic growth.

(Smol et al.,
2020; Fatima
et al., 2020)

Environment
and CE

* The public should be encouraged to learn (Lietal.,
about green logistics and CE. 2022; Sariatli,

* Reducing resource usage and waste at the 2017;
source should receive more attention. Bhattacharjee,

* The operation of a closed-loop economy is | & Cruz, 2015)
superior to that of a linear economy.

CE *One important method for evaluating the
ecological well-being of products is life cycle | (Bossek et al.,
assessment, or LCA. 2021,

* Environmental effects are contrasted with
circularity indicators.

» With the expansion of CE's structure, there
is a great deal of room for expansion in the
green industrial parks and industrial economy.

System for
managing solid
waste based
on the circular
economy

* The application of CE in systems that handle
solid waste can assist in reducing the issues
associated with waste accumulation and
generation. Because MSW is an amalgamation
of wastes, it must be properly sorted before
being sent to the treatment facility.

« To fully utilize waste's potential for recycling
and valuable recovery, infrastructure must be
provided by effective strategies and policies.

+ Using contemporary assessment instruments
like  energy  analysis, environmental
sustainability in a CE can be evaluated
in terms of its social, economic, and
environmental aspects.

Current Study

3.1 Waste grouping and organizing stations

Reducing waste generation and implementing efficient waste
collection systems are both necessary to address the challenges
of waste management. In certain countries, waste collection is
typically managed by private entities or local authorities; however,
organizing waste collection and indulgencing it for the purpose of
salvaging remains a significant for nations worldwide (RamHormozi,
2019). Complex challenges related to waste management (Nzeadibe
and Adama, 2015) necessitate the establishment of transferring
waste properly for addressing the growing waste predicament.
Existing management of solid waste facilities frequently lack the
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resources needed to function efficiently, with inefficiencies in the
use of resources like labor and vehicles (Salazar-Adams, 2021).

Waste is collected using a variety of techniques, such as
vehicle-based collection with notification signals, central waste
collection points, from initial collection to final disposal. Urban and
rural waste collection rates differ, with higher rates generally seen
in high-income nations relative to low-income nations because
of disparities in infrastructure, waste management effectiveness,
and waste education. Waste collection rates are also influenced by
an area’s level of development within a nation; in general, urban
areas have higher rates than rural ones because waste collection
is frequently seen as an urban amenity (Kaza et al., 2018). Many
nations have privatized waste management systems, frequently
with government subsidies, to address the complexity of waste
collection and administration. By involving private agencies,
this has increased efficiency and service quality. Additionally,
privatization can lessen the burden on local and state government
agencies. As facilities for transient storage where municipal solid
waste (MSW) is gathered before being sent to recycling or waste-
to-energy facilities, waste transfer stations are essential to waste
management. Unloading from trash trucks, inspecting, removing
hazardous materials, compressing, and transferring to larger
vehicles are important duties at waste transfer stations (Lebank,
2020). In order to reduce transportation expenses as the time for
shifting as well as the amount of waste increase, waste transfer
stations are ideally located close to recycling and treatment
facilities (Yousefloo & Babazadeh, 2020). Modern technological
innovations like the Internet of Things (loT) have the potential to
greatly improve solid waste management systems’ efficiency. As
shown in Moscow (Maiurova et al., 2022), digitalization of waste
disposal networks can maximize resource utilization and enhance
overall system performance. Effective waste management requires
waste sorting. A range of methods including hand picking, air
density separation, metal extraction, and electrostatic techniques
are employed to manage various waste materials. In order to
prepare waste for additional processing and recycling, these
separating techniques are necessary as shown in figure.

BLAERs

& ) T—
/ \ COMPACTORS N
/ TRommEL manuaL

SCREENING SORTING.

WASTE-TO.
¥~ “enerey

WasTE

B\
we  =— )

/& AR LANDFILL
DENSI

LECTROSTATIC
'SEPARATION Ty )
'SEPARATOR

)
/ E wasTE o

/&8 i Ay

4 _ FACILTY RECYCLING
/

. METAL
\_ seamaor /

Figure-1 Waste progresses through stages of collection, segregation, and
sorting, ultimately arriving at a suitable waste treatment facility, following a
structured pathway outlined in waste management protocols.

Source: (Sondh et al., 2024)

3.2 Manual Sorting

Large objects like rocks, wood, and oversized clothes must be
separated from other waste materials during the sorting process at
the source. This technique uses simple tools like big tables or belt
conveyors and is usually performed by workers using their hands.
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A popular method for sorting municipal solid waste is handpicking,
which works especially well for getting rid of things like plastic
made from PVC and e-waste. Concrete, wood, glass, and rocks are
frequently found in construction and demolition waste (Lawson,
2020). Although manual sorting requires a lot of time and labor, it is
an efficient way to separate waste and recover valuable materials.
This method, which mainly uses human resources, is common in
nations where cheap labor is easily accessible. After the waste
has been emptied, it must be spread out and disposed of (with
precautions taken), with visible waste being manually separated
for reuse, collected and stored, and any leftover debris must be
disposed of (Liang et al., 2024).

3.3 Air density separator

Fans or blowers are used in this garbage division process to
speed up the procedure. By producing an upward airflow, the fan
helps separate materials according to their differing densities. The
force of the airflow and the way the materials are introduced into
the air column, determine how effective this method is. Another
important consideration is moisture content, since water can
make some materials clump and fall, which can interfere with the
sorting process (“Solid Waste Management,” 2022). Techniques for
separating air further can be divided within zigzag and wind shifter
types of separators. These techniques efficiently separate metals
and more substantial wastes from materials with lightweight
including plastic bottles and various categories of plastic.

3.4 Trommel screening

This screening, sometimes referred to spinning visuals, are
physical transmission devices that are frequently used for material
separation in the solid waste treatment sector (Mousavi et al.,
2024). These screens are made out of a cylindrical drum with a
surface covered in a web-like structure made of meshes in different
sizes. The mesh of the trommel enables the separation of particular
waste sizes as it rotates, creating a heap, for example, of manure.
Waste that exceeds the mesh’s allowable size is stopped at the
trommel’s back end (Chen et al., 2010). For a trommel to operate
smoothly, effectively, and safely, human resources are needed.
Both wet and dry garbage can be processed by these devices.
Objects are raised with lifting bars on an inclined drum and then
dropped to descend further. To help with separation, elevating
bars also give the objects a shake. Trommel screens are used in the
municipal solid waste (MSW) industry to classify particles into fixed
sizes. Trommels improve the quality of other solid waste derived
from fuel by eliminating inorganic materials such as ash and water
from grouped light solvents (Goli et al., 2021). Three major sets
of materials are usually obtained from the MSW after it has been
inspected at the sorting plant: (i) Refuse Derived Fuels (RDFs),
which consist of combustible materials; (ii) large-sized materials,
such as stones, metals, electronic material, etc.; and (iii) inert or
delicate materials.

3.5 Metal Separation

A large percentage of mixed waste is composed of plastics,
paper, elements, e-waste, and food particles in sorting stations.
For a number of reasons, metal separation is an essential stage
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in waste separation facilities (Elisha, 2020). To begin with, it helps
separate premium materials. Second, the effective running of
later operations like crushing, visual sorting, and RDF production
depends on the removal of metals. Current separation and
magnetic separation are two methods for metal separation that
are frequently used (Sniatala et al., 2023). While eddy current
separation creates repulsive forces in non-ferrous metals, which
cause them to be ejected from the waste stream, magnetic
separation uses magnets to attract and separate ferrous metals
from the waste stream. By effectively removing metallic materials
from mixed waste, these methods facilitate subsequent procedures
and increase the effectiveness of waste management as a whole
(Xavier et al., 2023).

3.6 Magnetic Separation

This method allows the removal of gathered metal by using
an electromagnet to activate or deactivate. It is noteworthy that
this technique is not applicable to all metal separations (Ding et
al., 2021). The device is made up of a permanent electromagnet
mounted on a rotating drum that draws magnetic tools from the
belt conveyor. Besides that, non-iron metallic are not affected by
magnetic fields and have no ferrous content. Copper, aluminum,
and stainless steel are a few examples of materials that have
little to no magnetism. A further drawback is that non-magnetic
materials containing minute magnetic particles will not be captured
(Fitzgerald, 2013). Larger magnetic objects may also unintentionally
collect undesirable materials like paper, plastic, and food scraps.
In mixed recycling streams, where materials are gathered and
separated prior to processing, this problem is especially prevalent.

3.7 Eddy Separation

Eddy current separation is a widely employed technique for
the separation of non-magnetic materials, like aluminum, present
in electronic waste. In order to differentiate non-ferrous metals
according to their conductivity, this method uses electromagnetic
induction. This method involves using a conveyor belt to transport
a mixture of non-magnetic materials in a predetermined size range
to the eddy current separator (Smith et al., 2019). This method is
effective because it delivers material fast and guarantees uniform
distribution in a single layer. After that, the material travels to the
main pulley separating substances zone, where non-metals are
driven away from the host substance (Anastassakis, 2018). Rejected
non-ferrous metals are routed through carefully positioned splitters
to collection belts or bins. According to Huang et al. (2021), the
speed at which average plastic, aluminum, and copper rudiments
separate from desiccated biodegradable is greatly impacted by
fine-tuning the rotor rapidity, provender amount, and girdle speed.
Non-metallic materials fall freely into non-ferrous areas, while
brass ingredients are drawn to the strong magnetic power created
inside the separator.

3.8 Separation by electrostatics

Electronic waste, or e-waste, is the term for disposed of or
abandoned electronic items, including laptops, TVs, cell phones,
batteries, and more. The generation of e-waste has increased
noticeably in recent years, but efficient disposal techniques are
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still difficult to come by because of the intricacy of electronic
waste components. Numerous hazardous metals, like lead,
polybromine, cadmium, the element lithium, mercury, and
retardants, are found in e-waste. These metals can cause serious
health problems, including damage to the different parts of
the body like, liver, kidneys, heart and brain. Although, E-waste
can further be divided into semiconductors, conductors, and
insulators. Effective recycling of these components appears to
be possible with electrostatic separation (Tilmatine et al., 2009).
With this method, conducting and insulation substances found in
e-waste are effectively recycled. Disassembly, disposal, and final
treatment are usually steps in the e-waste disposal process. The
first step in separating valuable and hazardous components is
disassembly (Oke, & Potgieter, (2024). Materials are broken down
toliberate them from substances and separate them in subsequent
processing. Materials that have distinct charges are attracted
to or repelled from each other according to the electrostatic
charges principle, which underlies electrostatic separation. In
separators, conductive elements fascinate contradictory indicted
matters, like metal drums, and separate them from through the
use of attractive forces (Aksa et al., 2013). Printed circuit boards
(PCBs) are essential parts of e-waste because, according to Waste
from Electrical and Electronic Equipment (WEEE), they contain a
considerable amount of valuable metals (Hamerski et al., 2019).
PCB electrostatic separation turns out to be a successful method
for recovering value products (Jha et al., 2024).

3.9 Balers and compactors

Space constraints resulting from accumulating waste are a
common challenge faced by waste management organizations.
Thankfully, developments in technology provide some relief from
this problem. Users can use balers and compactors, among other
tools, to minimize the amount of space that waste takes up. Press
channels, pressing chambers, tying devices, and power units are
the four main parts of a baler. The procedure isfilling a hopper with
waste, which the baler then compresses into bales, or bundles.
The amount of waste is greatly decreased by these bales, which
helps with recycling and makes waste easier to handle. Balers
are used in many different industries, such as manufacturing,
recycling plants, retail stores, and institutions. Round and square
waste balers are the two most popular varieties (Shang et al.,
2021). The effectiveness of handling, aggregation, transportation,
and storage procedures all depend heavily on bale density (Shah
and Darr, 2016). In a similar vein, compactors are essential for
reducing waste volume and, consequently, the amount of space
needed in landfills. Compactors not only minimize volume but
also provide the benefit of reducing fire hazards, smells, and
rodent infestation.

4. Policies for Waste Management, Reuse,
Recycle

Within a nation or region, peace is fostered by an
environmentally friendly municipal solid waste (MSW)
management system. By applying the principles of reduce,
reuse, and recycle, adopting a circular economy-based strategy
for handling municipal solid waste presents a chance to lower
natural resource consumption and protect the ecosystem (Li
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et al., 2021). According to Cunha (2024) this is in line with the
Sustainable Development Goals (SDGs) of the United Nations,
including “ “Ensure Sustainable Production and Utilization
Patterns” (SDG-12) and “Take immediate action to mitigate the
effects of climate change” (SDG-13). Creating a framework of laws
and policies is essential to creating a waste management system
that works. Using circular economy techniques is the main way
to achieve sustainability in MSW management. Recycling—often
referred to as “misplaced resources” —contributes significantly to
sustainable waste disposal by lowering waste effluence, restoring
usable resources, and conserving energy (Sondh et al, 2024).

4.1 Policies regarding Waste Management

A robust policy framework put in place by individuals and
local authorities is essential to an effective SWM structure
driven by the circular economy. This structure places a strong
emphasis on infrastructure development, law enforcement,
awareness raising, and institution setup. Serving waste
management states like Germany, which implemented
policies advocating waste reduction and recovery, can teach
developing and underdeveloped nations a lot (Wilson, 2023). As
demonstrated by Latin American nations that emphasize public
sector engagement, public involvement is essential for efficient
waste management (Félix-Lopez et al., 2023). Under these
arrangements, the government acts as if it were a business,
seeking to maximize profits at the expense of preserving the
environment and the welfare of the populace. Due to energy
scarcity, European nations have reduced the amount of waste
sent to treatment plants by using waste as a source of energy.
Waste recovery is Portugal’s top priority, as evidenced by
Decree Law No. 178/2006 (Dinis et al., 2023). Finland prioritizes
resource-wise urban development to lessen its impact on the
environment, while Germany has focused on sources of clean
energysincethe 1990s underits “Energiewende” policy. Finland’s
HINKU initiative seeks to improve both social and environmental
health by reducing emissions by 80% by 2030 (Hirvilammi et al.,
2023). Technological developments are essential to solid waste
management because they make sustainable and affordable
solutions possible. Achieving sustainable development goals
requires policies to keep up with technological advancements.

4.2 Waste reuse and Recycle

Sorting and segregating waste is an essential step in
categorizing waste according to how it will be treated in the
end. A number of factors, including its potential for reuse, waste
can be sent to a landfill, treatment facility, or recycling plant
after it has been sorted. Prioritizing recycling and waste reuse is
crucial for resource conservation and environmental protection
on a global scale (Cudjoe et al., 2021). By lowering the demand
for virgin resources in the production of commodities, reusing
items like metals, plastics, and paper helps protect natural
resources and improve environmental health (Tang et al., 2020).
According to Nevrly and Smejkalov (2021), achieving “zero-
waste” can be facilitated by optimizing recycling rates, and
continuous research and innovation endeavors to introduce
circularity into the economy. Concrete blocks can be made from a
variety of recycled solid waste components, including recovered
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concrete, crushed brick, and waste glass (Luhar et al., 2019). A
nation’s income level and the extent of its recycling practices
are frequently correlated (Moroke et al., 2019). Compared to
middle-class and lower-class countries, high-income countries
usually have more developed waste management systems,
which results in higher recycling rates (Ferronato et al., 2019).
On the other hand, inefficient collection systems, weak waste
management programs, and low levels of public awareness
impede recycling initiatives in middle-class and lower-income
nations (Munir et al., 2021). Because of laws that restrict
landfill disposal, allow private companies to participate in waste
collection, and impose fines on non-recycled waste, Germany,
Austria, South Korea, Wales, and Switzerland have some of the
highest recycling rates in the world (Gray, 2017). Waste must
be collected, sorted, recycled, treated, and disposed of as
part of an efficient municipal solid waste (MSW) management
system (Cohen et al., 2021). Every step is important, and if any
are inefficient, the system as a whole could be compromised.
Natural resource exploitation is a common pressure on
developing nations to meet waste management requirements
and raise living standards. In order to address these issues
and put suitable waste management strategies into practice,
effective policymaking and governance are essential (Bui et
al., 2022). To meet waste management targets and advance
sustainability, recycling units must be integrated into waste
management systems. In order to have the desired effect on
waste management systems, public-private partnerships are
essential (Cheng et al., 2023).

4.3 Waste dealing ability and Recovery

The efficient functioning of a circular economy (CE) depends
on reducing waste capacity and disposing of waste properly. In
the past, landfilling was the most common way to dispose of
waste, which resulted in the buildup of massive waste mountains
in many urban areas and serious health and environmental risks
(Liu and Liu, 2021). Growing environmental consciousness has
led to the development of a variety of waste disposal techniques,
which can be broadly categorized into two categories: thermo-
chemical methods (which include incineration, gasification, and
pyrolysis) and biochemical methods (which include anaerobic
digestion and composting) (Li et al., 2016). Decomposing
organic matter, especially food waste, makes up the majority of
the Organic Part of MSW (OFMSW), which accounts for 40-70%
of all MSW generated worldwide (Ali et al., 2017). Even though
biochemical methods are good at reducing waste volume, they
can take a long time—25 to 40 days—to treat waste, mostly
organic material. On the other hand, they simplify waste
management by providing flexibility in the periodic addition of
raw materials (Nanda and Berruti, 2021). In contrast, thermo-
chemical procedures entail a significant amount of heat, energy
and can route waste at temperatures between 350 and 1500
°C more quickly than biochemical techniques. These procedures
have the potential to reduce waste volume by 75-90%, but
they frequently cause environmental problems by releasing
pollutants like dioxins, furans, NOx, SOx, and PAHs (Munir et al.,
2021; Kumar and Samadder, 2017). By changing the operating
conditions and process parameters, efforts are being made
to reduce these emissions (Upadhyay et al., 2019). Due to
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Process Temperature
2560 °C

the oxygen-starved environment needed, pyrolysis provides a
solution to emissions like NOx, SOx, PAHs, and dioxins; however,
it also produces contaminants like toxic metals and nitrogen
(Sipraetal.,2018; Hasan etal., 2021). In order to maximize waste
management while reducing environmental impact, research
projects investigate a variety of waste handling procedures,
such as pyrolysis, gasification, composting and anaerobic
digestion, (Sondh et al., 2024). Waste disposal techniques can
be improved and made more ecologically friendly and efficient
through continuous innovation and improvement, which will aid
in the shift to a sustainable and circular economy.
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Figure-2. An illustration comparing the technical characteristics of different
waste treatment techniques, including composting, anaerobic digestion,
gasification, incineration, pyrolysis, and landfills.

Source: (Sondh et al., 2024).

5. Municipal Solid Waste Management
focused on a Circular Economy.

According to Mhatre et al. (2021), in order to promote
sustainability objectives in a country, circular economy (CE)
models and policies ought to be incorporated into MSW
management teams. The Fernandes et al., (2023), defined
sustainability in 1987 as meeting current needs without
jeopardizing upcoming cohorts’ ability to encounter individual.
The foundation for attaining sustainability in MSW management
systems is the CE framework, which is based on three main pillars:
environmental health (Environmental Aspects), social upliftment
(Social Aspects), and economic development (Techno-Economic
Aspects) (Gadaleta et al., 2022). The realization of sustainability
necessitates the strong support of all three pillars. To create a
dependable and effective framework, policymakers must work
together in concert. Sustainable development initiatives within
a country or region can be supported by a workable framework
that places a high priority on a robust environment, society, and
economy. As Fig. 4 shows, each of these elements adds unique
characteristics to the CE.

www.ijhsdr.com



Strategic approaches promoting Sustainable Development in Solid Waste Management based on Circular Economy: A Literature Review

Attributes of a Circular Economy

Environmental Awareness Thoughtful Business Model

Incorporate Digital Technology Design for the Future

Certified Technologies

Preserve- What is already there ‘ ‘ Use Waste as Resource ‘

‘ Team Up ‘

‘ Use of Regenerative Resources ‘ ‘ Environmental Awareness ‘

Figure-3. Attribute of a circular economy supporting SWM system involving economic, social and
Environmental aspects
Source: Authors own idea

5.1 Economical aspect

Key components in demonstrating a business’s sustainability
efforts are the sharing and handling of product specifics, the
possibilities for reuse, and the recycling procedures. Effective
methods for sustainability are essential for the long-term health
of a business, claim Leising et al. (2018). Nishitani et al. (2022),
suggested, Material Flow Cost Accounting (MFCA) as a way to
improve material efficiency and lessen the detrimental effects of
resource exploiting by lowering production costs. According to
Lassi (2020), growth in the economy is sustainable if it maintains
or increases social welfare compared to its current levels in the
future. This highlights the significance of resource ecological
preservation and recycling in business models. Waste-to-Energy
(WtE) facilities, which exclusively use non-recyclable waste to
optimize the advantages of the (CE) paradigm, have a substantial
impact on economic dynamics. According to the World Banking
Group (Kaza et al., 2018), thermal incineration—a technique with a
significant commercial presence worldwide—processes about 11%
of municipal solid waste (MSW). Subsidies from the government
for garbage removal, electricity and heat sales, and slag revenue
support WtE incineration plants, which have high initial investment
requirements but offer stable, substantial profits and low operating
costs (Xin-gang et al., 2016). Numerous elements, including plant
size, waste type, lifecycle, and operational availability, affect a
WHE facility’s development cost (Santosos et al., 2019). These
prices vary across countries, which reflects disparities in resource
availability and technological preparedness. Wu (2018) observes
that WtE developments in China are significantly more expensive
than those in the U.S. and Europe. Variations are also observed
in Ethiopia, Vietnam, and Sri Lanka (Daily, 2017; Wu, 2018). With
significant revenue from the generation of electricity in places like
China (70-85%), WtE plants typically see an exciting ascend on
investments (Rol) of 18-25%.

Economically, the (CE) is propelled by a dedication to
environmentally sustainable company strategies and standards.
This strategy places a focus on creating fresh supplies from utilized
content and effectively managing the resources that are already
available. Business ethics, which concentrate on proper behavior
and procedures to ensure wider success, play a critical role in
steering decisions towards economic recurrence.

5.2 Social aspect

By focusing on engagement with the community, equal
opportunity, and improved public health, the circular economy
encompasses essential social dimensions that improve solid waste
management. In addition to reducing waste, initiatives that support
recycling and repurposing materials also open up job opportunities,
especially in areas with low incomes where jobs in waste gathering
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and processing can boost the local economy (Morais et al.,
2022). By encouraging a culture of environmental responsibility
and improving community involvement in sustainable practices,
educational initiatives play a crucial role (Repp et al., 2021).
Additionally, implementing circular economy waste management
techniques can result in less pollution, cleaner cities, and improved
community health (Dinca et al., 2022). Residents, companies, and
governments must work together to implement this strategy,
which will strengthen community ties and increase everyone’s
commitment to sustainability.

5.3 Environmental aspects

The circular economy (CE) framework incorporates ecological
factors into solid waste management by encouraging material
reduction, reuse, and recycling, resulting in reduced production
of trash and worsening of the environment (De melo et al,
2022). In this paradigm, waste is viewed as an asset that can be
constantly recycled back into production processes, rather than
an end product (Kurniawan et al., 2021). This approach reduces
dependability on virgin commodities, greenhouse gas emissions,
and energy consumption, all of which contribute to a reduction
in industrial activities’ overall environmental footprint. The CE
seeks to strike a balance between economic development and
environmental sustainability by focusing on ecosystem restoration
and regeneration through adheres to such as material recuperation
and the secure return of biological substances to the environment
(Vence et al.,, 2021). Furthermore, it promotes preservation of
biodiversity and decreases pressure on landfills, which aligns with
worldwide sustainability goals aimed at mitigating climate change
and improving environmental health.

5.4 Key inputs of Circular Economy for Sustainable

development

Acircular economy (CE) can achieve success when implemented
across various societal levels. Large-scale industries and well-known
brands can facilitate this shift by serving as exemplary models for
those transitioning from a linear to a circular economy.

The diagram illustrates a conceptual model for a Circular
Economy (CE), which is intertwined with sustainable development
principles and the management of solid waste. Central to this
model is the CE’s objective to enhance resource efficiency and
reduce waste by adopting regenerative practices that promote
the reuse, repair, refurbishment, and recycling of products and
materials.
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CE: Circular Economy

Socio-economic:
4 Right of workers.
4 Business ethics

Focuses on:

Environment balance

Socio-Environmental:
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Eco-Environment:
A Eco-friendly business
4 Resource usage efficiency

Figure.4: The three fundamental pillars of the circular economy encompass
social, environmental, and economic dimensions

Source: Authors own idea

The model outlines how CE interacts with socio-economic, eco-
environmental, and socio-environmental aspects. In the realm of
sustainable development, the economic dimension is centered on
adopting efficient business models and technologies that foster
a closed-loop system, crucial for decreasing solid waste quantities
and enhancing their management. The social dimension highlights
the generation of job opportunities and overall well-being, which
involves creating positions in the waste management industry
and fostering education about recycling and reuse. From an
environmental standpoint, CE advocates for the preservation of
natural resources and strives to achieve zero carbon emissions, in
line with practices that reduce environmental pollution. The socio-
environmental perspective considers wider issues such as climate
change and environmental justice, promoting a fair distribution of
the environmental advantages and challenges associated with waste
management. Collectively, the diagram conveys how the circular
economy framework is inherently connected to achieving sustainable
development goals, especially in optimizing the management of
solid waste to realize economic, social, and environmental gains.

5.5 Practical outcomes of this analysis

The existing solid waste management framework is currently
inadequate for addressing the prevalent challenges in waste
processing. Efforts to overhaul this system have been ongoing
for more than ten years. Various solutions have been proposed
by scientists and relevant authorities. A Circular Economy (CE)
approach to solid waste management holds significant promise for
addressing issues related to climate change, energy consumption,
prolonged use of materials, and social welfare. Supported by robust
strategies and efficient policies, this system could facilitate smoother
operations. Transitioning from a linear to a closed-loop economic
model enhances the potential for economic growth with stability
as a key aspect. Moreover, reusing materials within this system
can alleviate environmental stress. Implementing a CE approach in
solid waste management could enforce a zero-waste policy, thereby
fostering sustainability within the waste management sector.
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6. Conclusion and Policy recommendation:

Adopting a circular economy model in solid waste management
is essential for sustaining progress in the context of increasing
waste dilemmas. This study underscores the importance of
integrating economic, social, and environmental approaches to
improve the efficiency and effectiveness of waste management
systems. Embracing circular economy principles such as reduction,
reuse, recycling, and recovery allows local governments to lessen
environmental degradation and conserve resources. The research
advocates for strong policy frameworks and innovative technologies
to support the implementation of these principles. In essence, a
circular economy-based approach in SWM not only aids in achieving
sustainable development but also creates a resilient infrastructure
capable of addressing future environmental predicaments and
meeting community demands.
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