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Abstract: Circular Supply Chain Management (CSCM) incorporates the economy concept into supply
chain concepts, which gives the supply chain sustainability domain an innovative and convincing
viewpoint. The challenging factors in the circular economy are cooperation, trust, and transparency.
Therefore, to achieve sustainable results, collaboration, and openness between organizations within
networks and value chains are required. This paper explores the sustainability success using the
Sustainable Circular Business Model (SCBM) to incorporate the principle at an operational level and
suggest a structure for combining Circular Business Model (CBM) and CSCM for sustainable growth.
The proposed structure shows how various circular business structures power the global supply
chain in multiple loops. The circular business models differ according to the difficulty of the Circular
Supply Chain (CSC) and the value proposition. Proposed SCBM shows that circular market and
supply chain aid in reaching goals for sustainability has been discussed in this research.
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The traditional economies are built around a linear resource paradigm based upon
the “take-make-dispose” pattern. After being used, the user disposes of the commodity,
and much of the (sparse) resources have been wasted. In particular, the uncertainties
of supply and higher resource prices are generated in the 21st Century due to a linear
framework-based economy that leads to financial and economic volatility in individual
businesses and prosperity worldwide [1]. Recently, policymakers have been involved in
tackling these and other sustainability issues in a circular economy.
Sustainable development focused on meeting current needs while at the same time
weakening the capacity of future generations to tackle the demands of them by identifying
capital constraints and potential trade-offs among the economic, ecological, and societal
goals [2]. The circular economy’s philosophy, both textual and policy [3], is becoming essential guides for sustainable growth and is beginning to be accepted as of great importance in
supporting industry for implementing a transformation in sustainability adoption.
The integration of consumption entry (CE) into supply chain management (SCM) can
be scalable [4]. CE has become increasingly active and involved in the SCM framework.
However, SCM analysis is beginning to develop ideas in the supply chain for the effectiveness of CE’s mission and potential [5]. The study of the integration of CE into SCM is in
its initial phase. Incorporating CE into a reality, and the realistic process for developing
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business models leads to the notion of circular business model (CBM), a term defining
business model appropriate for CE [6].
The focus was on linking CBM and CSCM in several methods, including closed loops,
shrinking loops, intense loops, expanding loops, and dematerializing loops. Theoretically, the most significant difference between conventional and circular economic business
models lies in their value creation and distribution aspect, predominantly in the supply
chain [7]. The word “Circular Supply Chain Management” (CSCM) encompasses the
nature and collaboration of the supply chain to close, limit, strengthen, extend, and dematerialize resource loops. Although CSCM influences CBMs and the Circular economy’s
implementation, this research field remains untapped for a long time [8].
The notion of circular economy (CE) characterizes one of the most capable methods
to establishing sustainable economic action for the future. A circular economy denotes a
recreating model in which resource inputs and waste, emission, and energy outflow are
reduced by decelerating, closing, and reduce material and energy loop. Supply chains are
an important unit of activity concerning circular economy employment and success and
will be the basis for driving desirable modification.
The present study aims to incorporate sustainable circular business model (SCBM), a
framework to integrate CBM with CSCM to promote sustainable development towards
the emergent visibility of CSCM and provide market insight on CBM. There are three case
studies to address this goal as listed as follows:

•
•
•
•

Case A—an office equipment maker,
Case B—high-recycled aluminium sheet maker, and
Case C—design of fashion accessories from fire pipe.
The results show that a circular economy’s theoretical implementation may reduce
the demand for primary raw materials and related environmental influences.

The paper has five sections given as follows: First, the study’s history is seen in j, and
Section 3 offers applicable investigative methods. The outcome and explanation of the
results are discussed in Section 4. The article ends with Section 5 regarding the conclusion
and future work.
2. Analysis of Conventional Methods
A comprehensive literature overview is presented here, in which a formal, standardized interpretation of CSCM is elucidated, defined, and adequately differentiated from
other theories of sustainability. In this section, the supply chain’s existing sustainability
principles are first listed, and their interaction with CE is recorded.
The literature on SCM [9] has given rise to sustainability in various academic literature
reviews and discussions. Increasing unsustainability around the globe is due to patterns in
growth, demand, and exchange. More renewable capital will be exhausted in the current
usage rates shortly without increasing the production, refining, storage, consumption,
recycling, and reuse of products [10]. A big hypothesis [11] that may contribute to this
transition is the circular economy, which was gradually introduced as a good alternative to
the prevalent linear business model (LBM).
Various concepts were developed and used interchangeably in SCM literature to
illustrate sustainability values into the SCM [12], including moral supply chain, green
supply chain, environment supply chains, and closed-loop supply chain [13]. While these
ideas reflect varying degrees of integration into the supply chains of sustainability practices,
none of them has expressly addressed loop philosophy, which is CE’s central philosophy
in SCM. There is a rather specific context in several recent papers for integrating CE in
SCM [14]. Although this CE and SCM sustainability analysis is dispersed, some of the vital
CE principles are strategically articulated, and others are based on SCM functions, such as
architecture, procurement, development, etc.
Integrated CE-SCM implementation will reduce the need for new materials and
improve disseminating goods across networks in the supply chain [15]. Nevertheless,
incorporating CE into SCM is diverged based on the CE literature review [16]. Sustainable
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development at SCM centered on restoration solutions (repair, renovate, remanufacture,
and recycling) while the idea of regeneration was not addressed in the sense of SCM sustainability [17]. Therefore, SCM’s current sustainability principles need to be strengthened
for the CSCM framework [18,19].
The circular economy’s integration into SCM is known as circular supply chain management (CSCM). The outcome demonstrates ample scope and open doors for the development of circular supply chain management, which must be examined with improved
quantitative modelling methods, highly industrialized optimization approaches, combined
multi-criteria decision-making models, and capable algorithm [20].
Value chains have been mapped to envisage the relations and interfaces among
the diverse phases and performers to comprehend these systems’ difficulties and create
informed decisions. These associations will be established within an adapted business and
logistical structure framed in modern business model archetypes. Though dimensions
connected to the business environment, like legislative, sectoral, and fiscal outlines, should
be integrated [21].
The sustainability and CE models have signified separate academic literature streams,
and there is a rising understanding that these two examples may have a mutually-constitutive
association. Predominantly, the connection among the two concepts in the context of SC
residues unmapped, which emphasizes this research. A structural equation modelling
(SEM) method has been assumed to test the hypothesis derived. The validated structure
has inferences for both industry and the academia due to its importance on the joint possessions of (a) the conversational capability of business performers to coherent a model
change towards CSC, (b) the progression organizers encompassing activities and practices
allow CSC [22].
Sustainability conversion is becoming progressively appropriate at manufacturing
levels, particularly for energy and resource-intensive industries. In addition, the 4.0
industry-standard opens modern opportunities in terms of sustainable improvement. The
consequences demonstrate the new company’s sustainable value propositions, because of
all three sustainability pillars: economy, society, and environments [23].
Sustainability problems on environmental, economic, and social viewpoints have
drawn ecologists, governments, and environmentalists’ attention. In this setting, the circular economy provides an opportunity to convert waste into resources, reduce production
and consumption actions, and decrease carbon footprints, all simultaneously. This study
offers an integrative outline for studying, scheming, and assessing the CSCM performance
matrix [24].
With the importance and the need to integrate all the supply chain elements for the
business model to maximize business model efficiency, SCBM has proposed to promote
sustainable development. The proposed SCBM advances sustainability by implementing a
circular economy’s principle in supply chain processes and purposes. As in the circular
economy theory, this refers to both manufactured goods and service goods. Concerning
the study’s operationalization, the implication of the circumstances in which the actors are
inserted favored the case study’s choice as a technical process. Recent improvements in
sustainability have led administrations to integrate environmental, economic, and social
factors in the supply chain. Sustainable SCM is designed to reduce material flows, both
in consumption and production progression, decrease pollution, and waste generation
during the supply chain.
3. Sustainable Circular Business Model and Mathematical Analysis
SCBM affiliate businesses from those intra and inter level to exploit the value of goods
or resources. It provides an essential framework for leading supply chain management
to increase the efficiency and profitability of capital. Hence, the negative environmental,
neighborhood, and economic impacts are reduced. Value chains are required. This paper
explores the sustainability success using the sustainable circular business model (SCBM)
to incorporate the principle at an operational level and suggest a structure for combining
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circular business model (CBM) and CSCM for sustainable growth. The proposed structure
shows how various circular business structures power the global supply chain in multiple
loops. The circular business models differ according to the difficulty of the CSC and the
value proposition.
As shown in Figure 1, CSCM is targeted at contributing to circular supply chains.
Figure
1 compares the CSC shown in Figure 1a with the conventional linear supply chain
JTAER 2021, 16, FOR PEER REVIEW
4
and Figure 1b closed-loop supply chain. A linear SC extracts environmental assets and
needs to get rid of goods, packaging material, and waste from various supply chain phases.
The undesirable objects are frequently stored in fields. The closed-loop supply chain
ment to increase the efficiency and profitability of capital. Hence, the negative environincreases ecological sustainability by returning a supplier’s demand for products and
mental,
neighborhood,
and economic
impacts
are reduced.
Value
chains aresupply
required.
This
packaging
materials. The
scope of the
cost retrieval
in the
closed-loop
chain
is
paper
explores
the
sustainability
success
using
the
sustainable
circular
business
model
narrower since activities in the initial supplier (supply chain producer) are limited and
(SCBM)
to incorporate
theare
principle
at an operational
level and suggest
a structure
for
secondary
supply chains
not included,
and the introduction
of additional
auxiliary
combining
circular
business
model
(CBM)
and
CSCM
for
sustainable
growth.
The
prochannel members is involved, as shown in Figure 2.
posedAstructure
showschain
how various
circular
business structures
globalreusing/
supply
closed supply
produces
a considerable
amount ofpower
wastethe
because
chain
in multiple
loops. items
The circular
business
models
differ
according
to the
of
recycling
all discarded
in the same
supply
chain
is hardly
feasible.
Bydifficulty
partnering
the
CSC
and
the
value
proposition.
with similar sectors of industrial organizations or with different industrial sectors, a CSC
Figureprofit
1, CSCM
is waste.
targetedIdeally,
at contributing
to circular
chains.
mayAs
be shown
used toinextract
out of
CSC would
achieve supply
nil waste,
as it
Figure
1
compares
the
CSC
shown
in
Figure
1a
with
the
conventional
linear
supply
chain
has been built to preserve and recycle land continuously in terms of the agricultural
and
and
Figure
1b closed-loop
supply
chain. A linear
SC have
extracts
assets
natural
environment
in which
it is implemented.
CSCs
twoenvironmental
types of resource
flow:and
the
needs
to get
rid of
ofresources
goods, packaging
material,
and waste
frominvarious
chain
principal
stream
and circular
flow of funds,
depicted
Figure 2.supply
The forward
phases.
Theofundesirable
objects are the
frequently
inflow
fields.
Thelinear
closed-loop
supply
movement
products characterizes
primary stored
resource
in the
and closed-loop
chain
increases
ecological
sustainability
by returning
supplier’s
demand for products
supply
chain. Circular
flow
reflects the form
of re-flowa of
products/components/energy,
and
packaging
materials.
scope
of the cost retrieval
in etc.
the closed-loop
supply chain
is
which
is recycled,
stored,The
reused,
rehabilitated,
recycled,
Domestic, agricultural,
and
narrower
since
activities
in
the
initial
supplier
(supply
chain
producer)
are
limited
and
commercial use is used to produce wastewater flows. Inflow and infiltration are processes
secondary
supply chains
are notofincluded,
introduction
of additional
auxiliary
used to characterize
the runoff
the field and
and the
stormwater.
Inflow
reaches the
system
channel
members
is involved,
as shown
in Figure
2.
immediately
because
the penetration
is the
groundwater
that enters from cracks and leaks.

(a) Linear Model
Figure 1. Cont.

JTAER 2021, 16, FOR PEER REVIEW
J. Theor. Appl. Electron. Commer. Res. 2021, 16

5
963

(b) Closed Loop model
Figure
supply
chain
models.
different supply
supply chain
chain models.
models.
Figure 1.
1. Structure
Structure of
of different
different

Figure
Circular
Figure
2.
Loop
Model.
Figure 2.
2. Circular
Circular Loop
Loop Model.
Model.

J. Theor. Appl. Electron. Commer. Res. 2021, 16

964

SCBM performance has evaluated using detailed case studies. It often tailored for
research into current trends, which is the situation with the present work, and offers
a detailed explanation of particular implementations. The next phase was to pick the
companies that were part of the study after the literature review, given the principal history.
A specific selection criterion was established since the case studies involve theoretical
learning rather than statistical research.
The critical evaluation benchmark is that the enterprise’s operating structure would
be associated with loop closure, slowing, intensification, reduction loops, and dematerialization. Three case studies were chosen to explore market prospects under the CE rationale
to combine CBM with CSCM to promote sustainable growth (SCBM).

•

•
•

Case A—an Office Equipment Supplier whose core concept includes remanufactured
Office furniture using end products in an internal layout approach to delivering
excellent goods.
Case B—high-recycled aluminium sheet maker.
Case C—design of fashion accessories from fire pipe.

Each chosen organization signifies a starting point for interpreting CE’s elements
and functions irrespective of specific industries and business models. The analysis of
data was focused mainly on partially organized interviews with the company’s primary
informants. The major data have been gathered via direct observation of the procedures
and semi-structured interviews with owners and managers. The consensus has been found
between the players interviewed that circular economy practices compete with another
precedence, and for financial explanations, are often unnoticed. In the data analysis,
the interview and reporting biases were taken into account by corporate sustainability.
Interview evidence has been augmented by written documentation and client databases
to reduce this study constraint. Specific definitions of generic statements were often
demanded during interviews. Due to their presence and general awareness about each
client’s business strategy, the primary informants were selected. The interviews contained
questions on the interviewees’ nature and attitudes in keeping with the SCBM of their
respective businesses. In particular, the research questioned the (i) value proposition of
the company as regards economic, environmental, and social benefit that the purpose of
the business is to deliver; (ii) the design and distribution processes that concentrate on
closing the commodity life cycle loop; and (iii) interest derived from each case study by
the different stakeholders. The data collected is qualitatively evaluated according to the
characteristics of sustainability.
3.1. Analysis of SCBM
3.1.1. Risk Analysis
For a constructive evaluation of a crucial business strategy that requires increased
complexity and investment risk, SCBM raises significant challenges. This work describes
corporate risk (K ) as a function of the likelihood in pre-investment and the amount of
capital at risk. It means the probability of V given as P, whereas the mixed investment
probability is given by (V − P) for the business model. R denotes the amount of risked
resources. It has been given as follows,
KSCBM  K LBM ⇔ RCBM (V − PCBM )  R LBM ( I − PLBM )

(1)

In favor of inequalities, it can be shown that PSCBM ≺ PCBM ≺ PLBM for positive
business model research of SCBM in contrast with CBM and LBM, it is more challenging to
reduce uncertainty.
It has been illustrated in Figure 3 that RSCBM  RCBM  R LBM as the capital spent
remains fragile before the business concept is tested in the industry, and for an SCBM, this
will take longer.

to reduce uncertainty.

RSCBM  RCBM  RLBM

It has been illustrated in Figure 3 that

as the capital spent

remains fragile before the business concept is tested in the industry, and for an SCBM, this
will take longer.
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Figure 3. The relation between the magnitude of risked resources for sustainable circular business model (SCBM) and linear
Figure 3.model
The relation
business
(LBM). between the magnitude of risked resources for sustainable circular business model (SCBM) and
linear business model (LBM).
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In the first phase of an SCBM, it can be treated as a particular LBM case before any
goods are delivered to the manufacturer. As long as the re-circulation does not require
further spending, the amount of capital expended (t = I) at this point is the same for SCBM
and LBM. Hence, until some re-circulation decides the economic viability of the SCBM,
there is an extra step to be taken to verify the SCBM. To clarify that, t for SCBM is more
reliable than for CBM and LBM. During a second cycle, operating costs for a CBM are
generally much lower because the fundamental economic justification of a CBM is reduced
product expenditures, as shown in Figure 4 based on the delay factor.
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Though it is more complicated to achieve reliable performance for CBM than LBM
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It indicates that the companies, towards their stakeholders and other internal or
external partners, have a constructive attitude. For example, Case A and Case C explicitly
stated their desire to adhere to CE practices and enable collaborators and developments to
make their circular activities feasible. Hence, Case B saw the potential by manufacturing
high-quality aluminum sheets with a high proportion of the recycled content to reduce the
reliance upon manufactured supplies with high carbon discharge that paves the way for
robust investment in modern technologies. They partnered with customers in developing
low-carbon components and aluminum applications, such as the market’s active growth
for low-carbon products. Case A faces challenges in creating a supply chain network that
collects used office furniture at the end of life and integrates expertise and facilities to
restore products.
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Table 1. Proposed SCBM taken by stakeholders for three cases A, B, and C.
Stakeholder

Case A

Case B

Case C

Investors

Low cost, excellent progression,
and supportable trade

Drop-in supply risk, long
term return

Corporate contentment

Workforces

Chance to labour with a purpose

Inspiration towards the goal of
achieving improved recycled
material levels in the commodity

The operation for an industry
with a fair salary

Customers

Combination of quality and price
for wellness and productivity

Partnership for the production of
low-carbon aluminum
components in high quality

Long-term goods motivated
by design

Suppliers

Opportunity to market excess
waste (used as a cycle input)

Production of equipment vendors
to respond to high recycled
content technological challenges

Strong ties with resource
providers (such as the
Network of Firefighters)

Society

Local semi-experienced workers,
reduced supply risk, a running
circular business

Ecological awareness, local
business participation in waste
management, low carbon
emission goods

Change to CE

Environment

Less waste disposal on land

Carbon removal in the
whole cycle

Less waste disposal on land

Government

Local semi-trained workers,
supply risk management,
working CE

Preservation of domestic demand
for development

Tax benefits

The framework of SCBM shown in Figure 5 is recommended for Sustainable growth,
CE, CSCM, and CBM integrated into action by way of the review and event studies. On the
left, the structure suggested the connection as a CSC between a single organization, a certain
CBM, and its network of importance. In this context, the research confirms the previous
claims regarding the CSCM’s contribution to closing, limiting, and slowing down the loop,
reinforcing this opinion, as discussed in Section 3. Empirical data from the findings of
Table 1 (case studies) supports the network infrastructure’s essential function and capacity
to enable CBM to run. Initial reflections on the relationship between sustainable growth
and CE have been illustrated in previous research works. The present work investigates
this connection by proposing SCBM to tackle CE’s challenges and simultaneously provide
sustainable growth, which provides empirical evidence for the relationships between these
insights. In summary, the new SCBM system indicates a convergence in sustainable growth
between CE and CBM. The overlapping field in Figure 5 is illustrated by the case studies
that address the three survival-focused requirements on the closing, slowing, shrinking,
intensifying, and dematerializing market paradigm.
Performance analysis has been carried out concerning three parameters: (i) magnitude
of risked resources (R), (ii) cost, and (iii) validation time (T).
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Reducing the risk of changes in the
Simulation
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Thus the paper explores sustainability success using the sustainable circular business
Thus the paper explores sustainability success using the sustainable circular business
model (SCBM) to incorporate the principle at an operational level and suggest a structure
model (SCBM) to incorporate the principle at an operational level and suggest a structure
for combining circular business model (CBM) and CSCM for sustainable growth. The profor combining circular business model (CBM) and CSCM for sustainable growth. The
posed structureproposed
showed how
various circular business structures power the global supply
structure showed how various circular business structures power the global
chain in multiple
loops
based
on caseloops
studies.
Simulation
resultsSimulation
and analysis
for and
risk,analysis for
supply chain in multiple
based
on case studies.
results
cost, validationrisk,
time,
and
accuracy has
carried
out. carried
The proposed
cost,performance,
validation time,
performance,
andbeen
accuracy
has been
out. The proposed
SCBM framework
has
reduced
risk
and
cost
than
conventional
CBM
due
to
cooperation
SCBM framework has reduced risk and cost than conventional CBM
due to cooperation
and product reuse with sustainability. The performance and accuracy of SCBM performed
much better than other existing business models. Proposed SCBM shows that circular
market and supply chain aid in reaching goals for sustainability. The numerical results
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and product reuse with sustainability. The performance and accuracy of SCBM performed
much better than other existing business models. Proposed SCBM shows that circular
market and supply chain aid in reaching goals for sustainability. The numerical results
show that the proposed SCBM model enhances the overall performance ratio of 95.6%,
accuracy ratio of 93.4%, and cost of $25 compared to other existing models.
A relatively small number of case studies were carried out in our research work, which
could be extended. This significant research analysis may be carried out to complement
the present interviews with other stakeholders from the supply chain. There are technical
limitations to materials recycling and dissipative losses in any loops; therefore, material
recycling vision may still be regarded as only theoretically probable in the distant future.
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