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Abstract

Demand changes in a supply chain are common events and can hurt its resilience and
profitability. It is important to develop appropriate strategies to mitigate demand changes
in supply chains. This study develops mathematical modelling and simulation approaches
to deal with demand changes using circular strategies. First, a mathematical model is
developed to design a supply chain under ideal situations. Then, the model is revised to
analyse the impacts of demand changes and further extended to analyse the usefulness
of circular strategies to mitigate increased demand. The anyLogistix simulation approach
is used to solve the mathematical models and analyse the results of the distribution of an
Australian smartphone brand. A sensitivity analysis is also conducted to investigate the
impacts of key variables on cost, profit, and demand fulfilment. The results indicate that
there will be significant losses in profit and demand fulfilment if the increased demand
is not dealt with appropriately. The results also demonstrate a significant benefit of using
circular strategies, such as repair and reuse, to improve demand fulfilment and profitability by
mitigating the increased demand. This study is unique in the literature as it investigates the
usefulness of circular strategies, such as repair and reuse, quantitatively to mitigate increased
demand and improve supply chain resilience performance, such as total profit and demand
fulfilment. Decision-makers can use the developed models and simulation approaches and
the findings to make decisions on how to apply repair and reuse strategies for a smartphone
distribution system and to improve its resilience and sustainable performance.

Keywords: supply chain resilience; demand changes; circular strategies; sustainability;
mathematical modelling; simulation

1. Introduction

In this globally interconnected world, supply chains have become very complex as
many risks and uncertainties are present. One of the major supply chain risks is changes
in product demand [1]. There are many potential reasons behind the changes in demand,
such as an increase in population, model, and brand changes, new product introductions,
competition, and changes in customer income and choice. Demand changes have major
impacts on supply chain planning as supply, production, and distribution need to be
updated according to the changes. Otherwise, the supply chain could face numerous
financial and reputational losses [2]. One of the effective ways to manage demand changes
in supply chains is to develop a more resilient supply chain [2-5] that can respond to
changes and revise supply, production, and distribution plans to manage the changes.
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Supply chain resilience is a concept involving restructuring and redesigning the plan
so that it can help with preparation, response, and recovery from any unexpected events,
such as changes in demand or any other interruptions in any operations [6]. Many studies
have suggested that implementing resilience strategies, such as multiple suppliers, supplier
development, nearshoring and onshoring, production capacity flexibility, and using safety stock
and supply chain coordination, could help improve supply chain resilience [7-11]. However,
implementing these strategies requires long-term planning and significant resource investment.

In the literature, very few studies have suggested that implementing circular strate-
gies can help mitigate demand changes in supply chains and potentially improve their
resilience [12,13]. The integration of the concept of circular economy (CE) practices in sup-
ply chains is known as circular supply chains [14]. CE practices in supply chains include
implementing different strategies such as reusing, recycling, repairing, remanufacturing,
and leasing existing and used resources, products, and materials [15-17]. These practices
help ensure sustainable consumption and improve sustainable performance in supply
chains. Moreover, they can help increase the stocks of the parts and products, which can
further help increase supply and production and the availability of products. This increased
availability of products can be used to satisfy increased demand. Ultimately, implementing
circular strategies can increase demand fulfilment and resilience in the supply chain. How-
ever, studies on how the implementation of circular strategies can mitigate the demand
changes in supply chains and their quantitative investigations, such as simulation, are
non-existent in the literature. This study takes the first step to fill this significant research
gap in the literature and answers the following research questions (RQs):

RQ1: What are the impacts of demand changes on the supply chain?

RQ2: How can circular strategies help mitigate demand changes and improve supply
chain resilience?

To answer the above RQs, this study develops the following research objectives (ROs):

RO1: To design a supply chain under ideal situations with known demand.

RO2: To develop a model for analysing the impacts of demand changes on a supply chain.

RO3: To redevelop the model by implementing circular strategies to investigate the
improvement of supply chain resilience performance.

To achieve the ROs, this study applies mathematical modelling and simulation ap-
proaches to develop models and solve them. Finally, the results obtained from models
under different situations are compared to analyse the usefulness of circular strategies to
mitigate demand changes and improve resilience in supply chains.

The remainder of the paper is structured as follows: Section 2 presents a literature review
on demand changes and the circular supply chain and its resilience. The model development
and research methodology are presented in Section 3. The results are analysed in Section 4.
Section 5 presents a sensitivity analysis. The practical implications are presented in Section 6.
Finally, Section 7 provides the conclusions and future research directions.

2. Literature Review

The literature review consists of several sub-sections, such as demand changes and
resilience, circular strategies in supply chains, and circular supply chains and resilience.
Research gaps are identified at the end of this section.

2.1. Demand Changes and Resilience in Supply Chains

Supply chain resilience is defined by the level of preparedness, the ability to quickly
respond, and how a quick recovery can happen in the case of risk events [6,18]. Demand
changes are one of the common risk events in supply chains and they should be dealt with
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appropriately. A resilient supply chain can help mitigate demand changes and update its
supply and distribution plans when necessary.

In the literature, several studies have discussed the usefulness of resilience strategies
to mitigate demand changes. For example, Paul et al. [2] applied backorder and lost
sales strategies to manage demand fluctuation in a production system. Recently, Lee
and Moon [4] used flexibility and redundancy strategies to mitigate demand and supply
uncertainties. The other resilience strategies that can be used to mitigate demand changes
are the use of safety stock, supplier development, and supply chain collaboration and the
increase in production capacity [7,8,10,19]

In many cases, circular strategies could also help mitigate demand changes. For
example, repair, reuse, remanufacturing, and recycling help produce extra parts and
products which can mitigate increased demand. In the literature, a few studies have
considered circular strategies to manage demand-supply issues in supply chains. For
example, Wang et al. [20] used circular strategies to balance demand and supply for rare-
earth materials. Takimoto et al. [21] considered circular strategies to mitigate rising mining
demand. Gaustad et al. [22] applied circular strategies to mitigate critical mineral supply
issues. All of these studies are empirical in nature and lack quantitative investigation.

2.2. Circular Concepts in Supply Chains

Several studies have been conducted in the area of circular supply chains. Among
them, several systematic literature review articles were found. Taddei et al. [23] reviewed
articles that used reuse-recycle-remanufacturing (3Rs) strategies as circular economy
strategies. They explored the integration of Industry 4.0 with circular supply chains and
proposed a theoretical framework as a future research direction. de Lima et al. [24] reviewed
the articles on uncertainty management in circular supply chains. They explored different
uncertainty challenges and identified strategies to improve sustainability performance.
Sudusinghe & Seuring [25] reviewed different collaboration practices to improve supply
chain circularity performance. They found that sharing information was the most significant
strategy for improving supply chain circularity performance. Vegter et al. [26] reviewed
the studies on a circular business model and found eight processes, such as plan, source,
make, deliver, use, return, recover, and enable, that are crucial for circularity performance.

In the literature, previous studies have applied different methods such as quantitative,
case study, and empirical methods. The following sub-sections review the studies as per
their contributions, findings, methods, and contexts.

2.2.1. Quantitative Studies on Circular Supply Chains

In the literature, several technical studies have been conducted on circular supply
chains that applied quantitative methods, such as MCDM, mathematical programming, and
game theory methods. Bui et al. [27] applied fuzzy Delphi and fuzzy DEMATEL to explore
the relationship between a circular supply chain and total resource management and found
that top management support is important for better firm performance. Cao et al. [28]
integrated supply chain resilience and a circular supply chain to improve environmental
performance and found that assessing product life cycles can improve circular performance.
They applied fuzzy set theory integrated with the DEMATEL method.

Stumpf et al. [29] integrated the resource-based view, resources and capabilities, and
circular supply chain and applied Delphi and analytic hierarchy process to investigate how
coordination could improve knowledge sharing between partners to achieve a circular
supply chain. Dwivedi and Paul [30] used the fuzzy best-worst method to analyse barriers
to digital supply chains and provided suggestions to increase circular performance. They
found that a lack of digital skills is the most significant barrier. Orji et al. [31] applied the
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best-worst method and evaluation based on distance from the average solution to identify

and analyse the enablers of supply chain circularity and found that supplier relationship

development is the most important enabler. Sawe et al. [32] analysed the relationship

between human resource-related factors and supply chain circularity. They found that

training and knowledge sharing were the most important factors.

In the literature, several other quantitative methods such as the Equilibrium model [33],

mathematical programming [34], and game theory [35] were applied to explore the im-

pacts of plastic bottles on the circular economy [33], to investigate the role of repair and

collection centres in circular supply chains [34], and to analyse green product supply chains

and circular economy. The summary of quantitative studies on circular supply chains is

presented in Table 1.

Table 1. Quantitative studies on circular supply chains.

Reference Contributions Findings Methods Used ICndustry Country/Regional
ontext Context
1. They found top management
support as a top criterion for
better firm performance.
1. They explored the relationship 2, They also found other criteria
between the circular supply for enhancing firms’
chain and total performance, such as service F Delphi thod
[27] resource management. design using eco-friendly Fuzzy D%ll\o/l Al_lr%i od, Textile industry Indonesia
2. They also provided practical products, adopting new uzzy
implications for firm managers technology, and different
and decision-makers. granted funds.
3. Utilising natural resources can
help to increase firms’
performance economically.
1. They observed that assessing
the life cycle can improve
circular performance.
1. They explored the context of 2. They found several important
the eco-innovation business. factors: eco-innovation
2. They integrated supply chain estab_l ishment, capital control, Fuzzy set theory, Textile and .
[28] resilience and circular supply and life-cycle assessment. DEMATEL clothing industry China
chain to improve 3. They also found .
environmental performance. eco-monitoring, eco-mindset,
eco-innovation, and
information sharing to be
significant factors in improving
circular performance.
1 They found that coordination
1. They integrated the could improve knowledge
resource-based view, resources, sharing between
and capabilities along with a partners/stockholders to Delohi method Ivti Plasti Kagi European Union,
[29] circular supply chain. achieve circularity in h'e p 1;“ ethod, analytic I zstlc packaging mostly Austria
2. They explored resources and supply chains. ierarchy process Industry and Germany
capabilities and prioritised 2. Collaboration is also important
them quantitatively. to increase the product
life cycle.
1. They found a lack of digital
1. They explored barriers to the skill‘s ‘and facilit.ies as the most
digital supply chain and significant barrier. .
provided suggestions to 2. Information exposure r1§k and
(30] increase circular performance. lack of strategic orientation Fuzzy best-worst Not specific Not specific
2 They focused on the were r_nentlone@ as the other method
environmental sustainability significant barriers.
perspective. 3. Ur'n'ml'hngness to take t}}e
initiative was also mentioned
as a barrier.
1. They explored the impacts of 1. They found the importance of
plasticbottles on the well-targeted policies to
(33] circular economy. enhance circular performance.  Equilibrium model, Plastic industr Belgium
o 2 They provided significant 2. Recycled materials could be product-service system y g

strategies to improve circular
economy performance.

used as alternative substitutes
for production materials.
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Table 1. Cont.
Reference Contributions Findings Methods Used Industry Country/Regional
Context Context
They developed a Stackelberg
leadership model for a circular They found that repair and
(34] supply chain. collection centres play a Mathematl'cal Paper industry India
They also developed a significant role in the circular programming
two-stage tabu search supply chain.
algorithm to solve the problem.
They found supplier
relationship development is
the most important enabler for
They identified th bl f i :
e}’ll e;: Hhed eler?? erso supply chain circularity. Best—worst method,
Supply chain circuarity. They also found periodic ;
They classified and analysed : : evaluation based on ifi igeri
[31] Y y environmental audits tobe the ; £ he Not specific Nigeria
those enablers to improve the d most istance from the
circular econom: second mos average solution
Y- important enablers.
Eco-enablers would be most
crucial for improving supply
chain circularity goals.
They found that product
. greening level enhancement
They integrated a green could be effective for high- or
pr oduct supply chain and low-marketing efforts.
[35] circular economy. . Under the contracting design Game theory Retail China
They explored two contracting
P i in desieni format, they found thata
orcrlna s ll? tleagnmg degree of risk aversion could
and marketing. improve supply
chain performance.
. . They found that training and
They analysed their study in knozvle dge sharing werge the
the context of small- and most important
medium-sized enterprises. people-c}friven factors
They integrated people-driven . " .
[32] factors and a circular economy. They also found fflla'f emp}119yee DEMATEL Not specific Not specific
- . participation and leadership
They explored the relationship ientati ionificant
between human orientation were significan
factors in the supply chain
resource-related factors and circularity practices
supply chain circularity. yp ’
They found that insufficiently
They identified different skilied employees and an
barriers to supply chain unproductive framework are Automobile and
36 circularity in Industry 4.0. the barriers to supply Analytic hierarchy 1u omoptie an Indi
(361 They analysed those barriers chain circularity. process N 3(3&01‘}1@ ndia
for mitigating supply chain The use of technology could be industries
circularity challenges. fruitful in circular
economy performance.

2.2.2. Case Studies on Circular Supply Chains

A number of studies have conducted case studies in the context of circular supply
chains. For example, Bimpizas-Pinis et al. [37] integrated the concepts of circular economy
and environmental performance in the food sector. They identified strategies for producing
and processing food to enhance circular performance. Sehnem et al. [38] conducted a case
study to analyse critical success factors in supply chain circularity. They found that supply
chain circularity and sustainable models could improve business performance.

Two other case studies were conducted in the context of physical retail outlets [39]
and the washing machine industry [40]. The first one focused on reusable packaging and
emphasised that the concept of reusing can improve sustainability in a circular supply chain.
The latter conducted a life-cycle assessment to analyse the four stages of environmental
impact assessment: production of materials, manufacturing, waste management, and
product recycling. The contributions, findings, and contexts of the case studies applied in
circular supply chains can be found in Table 2.
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Table 2. Case studies on circular supply chains.

Reference Contributions Findings Methods Used gldustry Country/Regional
ontext Context
1. They found a relationship between
. . agricultural and chemical
1. They integrated the circular p%ocesses in food production and
economy and concluded that agri-food needs
env1r(')r1me.n.tal perforn’.larlce chemical support to increase
2. They identified strategies for product life.
[37] producing and processing food to They focused on different typesof ~ Case study Food industry Greece
enhance circular performance. reuse processes like
3. They alS(,’ hlghllghted social remanufacturing, redistribution,
perspectives and life-cycle repackaging, and
assessment strategies. promotional sales.
3. Irrelevant use of raw materials
could increase performance losses.
1. They categorised reusable
packaging as primary, secondary,
and tertiary packaging.
. L 2. They mentioned reusable
1. T'hey mentioned key metrics in the packaging as a solution for not
) Sl};culfar supgly chain. using extra material resources.
- ey focused on 3. Reusable packaging could be Physical retail s
391 reusable packaging. made moﬁe effecgtiv%a by using Case study outlets Not specific
3. They highlighted the sustainability polypropylene boxes or
impact of a circular supply chain. multi-usable
woven-polypropylene bags.
4. Losing reusable packaging could
increase packaging costs. A
flexible transport system is helpful.
1 They found limitations of plastic
recycling improvement.
1. They explored different material 2. They found fibre-reinforced plastic to
circularity indicators in the be an unrecyclable type of plastic. c d
[40] supply chain. 3. They mentioned four stages of I fa s_e snll v Washing machine Belei
2. They formulated a product environmental impact assessment: ne-cycte industry cgtum
circularity indicator for improving production of materials, assessment
circular economy strategies. manufacturing, waste
management, and
product recycling.
1. They found that supply chain
1. They analysed critical success circularity and sustainable models
factors in supply chain circularity. could improve Agri-business,
2. They focused on enhancing supply business performance. packaging, and Brazil and
(381 chain sustainability performance 2. They also found that technical and Case study catering Scotland
in the adoption of biological practices in supply chain industries
circularity practices. circularity could increase resilience

to sustainability practices.

2.2.3. Empirical Studies on Circular Supply Chains

We have found several studies that applied empirical methods in circular supply
chains. The empirical methods included structural equation modelling, the multi-cycle
model, and the modified balanced scorecard. For example, Stillitano et al. [41] developed a
multi-cycle model by integrating the concepts of sustainability and circular economy in
agri-food supply chains. They found that the life-cycle assessment approach can improve
social and environmental performance in supply chains. Farooque et al. [42] applied a
structural equation modelling approach to test circularity in supply chains. They found
a significant relationship between financial performance and circular product design in
the context of multiple industries. Nayal et al. [43] also applied a structural equation
modelling approach to investigate the performance indicators of supply chain flexibility
and tested their relationships using the resource orchestration theory. They found that
logistics, manufacturing, procurement, marketing, and information flexibility influenced
supply chain performance.

Two other studies applied structural equation modelling [44] and modified balanced
scorecard [45] approaches to investigate the impacts of eco-innovation strategies on supply
chain circularity performance and to analyse key performance indicators in the circular
supply chain.
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The empirical studies on circular supply chains are summarised in Table 3.
Table 3. Empirical studies on circular supply chains.
Reference Contributions Findings Methods Used Industry Country/Regional
Context Context
. . They found significant
zl?sgllar;gfgra;;i:;gﬁlg; Z}rlsim impacts of eco-innovation Multivle industri
ecO-innOgaP’t)ion strategies. strategies on supply chain Structural equation suléh aps Elletti)snfzs’
[44] Th " ised circularity performance. ; 1 4 China
€y categorise . Economic policy uncertainty ~ modelling machinery, and
eco—mn(évattlon strategies as is positively related to communications
€COPTOCUCL, ECOPTOCess, eco-innovation strategies.
eco-service, and eco-logistics.
They integrated sustainability They foun(tl that the %11 fe-cycle
and circular economy assessmen é}PlP rogc can Agri-food
4 . . improve social an - ifi
[41] concepts 1pto supply §ha1ns_ en\}/)ironmental performance Multi-cycle model supply chain Not specific
They considered the .hfe—cycle in supply chains.
assessment perspective.
. They found a significant Multiple industries,
They applied the natural relationship between financial such as metal
rgsourcg-bzflsed view to test performance and circular products, chemicals,
[42] circularity in supply chain. product design. Structural equation automotive, electrical China
They integrated material They found thata firm’scost ~ modelling appliances,
circularity ?“d the circular and financial performance pharmaceuticals,
supply chain. depend on improving circular food, electronics,
supply chain management. textiles, and wood
They categorised key
performance indicators into
seven perspectives: internal
business, innovation and
They identified key learning, customer, financial, .
[45] performance indicators in the environmental, social, and Modified balanced Not specific India
circular supply chain. cost perspectives. scorecard
They identified twenty key
performance measures that
impact circular supply
chain implementation.
They found positive impacts
. " of the circular economy on
They identified the organisational flexibility
performance indicators of and AI-IoT.
supply ch‘ain ﬂe)fibﬂit}’ and They found unawareness of Multiple industries,
tested their relationships circular economy adaptation g e such as automobile,
[43] using the resource in different manufacturing mo dcellin equatio electronics, plastics India
orche's‘rratlon theory. organisations. g and rubber,
"_l"hey integrated flexibility Adoption of the AI-IoT and metal
indicators and a system could improve
circular economy. different types of flexibility,

where the circular economy
could be a moderator.

2.3. Circular Supply Chains and Resilience

This section discusses the studies that considered resilience and circular supply chain

strategies. A few studies considered both resilience and circular concepts in supply chains.

Those studies and their contributions, findings, methods, contexts, strategies, and perfor-

mance indicators are presented in Table 4.

Recently, Cobra et al. [12] explored how repair strategies can be useful to improve

the resilience of health systems and analysed barriers and enablers to implementing them.

They found that the adoption of the repair system could increase financial performance.

Vimal et al. [46] investigated the relationship between sustainability practices and resilience

to increase circular performance. They found that the supply network could be reformed

to ensure resilience in adopting supply circularity.

Further, Chari et al. [47] integrated resilience and circular supply chains to improve

business capabilities. They found a sustainable advantage with the adoption of the circular

economy for improving resilience. Fletcher et al. [48] integrated sustainability and supply
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chain circularity to enhance resilience and found that supply chain resilience could increase

business performance through the adoption of supply chain circularity.

It was observed that most of the studies conducted qualitative analysis, and there

was a lack of quantitative investigation analysing the impacts of circular strategies on

improving supply chain resilience.

Table 4. Summary of the literature on both circular supply chains and resilience concepts.

o .. Methods Industry . . Performance
Reference Contributions Findings Used Sectors Regions  Key Strategies Indicators
. 1. They found a relevant
1. They }ntegljated relationship between Enerey optimisation
sustainability, sustainability practices 8y optim ’ Cost
ilience, and o . Sugar decarbonisation of .
o . and resilience (optimal Case stud cane operations, secondar reduction
clreular net works. solution) for increasing anal ticaly, a e/r Not n?aterial so/urcin me}llterial Recovery
[46] 2 The'y prov1defl an circular performance. hierZrch ?nc}l)ustr specific synergy, utilit sg;ler lead-time
optimal sustainability 2, The supply network y ¥ P yll 8Y, LY ¢ }}’1 24 Minimisa-
framework for could be reformed to process cement <o abora't lonwith partners, ;. of waste
enhancing resilience in ensure resilience in industry mforrpatlon S}Ta“T‘g' generation
circular networks. adopting supply real-time monitoring
circularity.
1. They found several
barriers to repairing
ventilators. Some of the
barriers were strict
regulation, lack of
. engagement, . .
1. They explored repair opportunism, laborious Pubhc—pr}vate volunteer
strategies 11.1 a circular tasks, resource scarcity, I:r ‘::Sfee is};éi ,Sl;;low;fige
supply chain lack of trust, and 1SIET, reusing parts,
ted to . N . redistributing the demand,
e inaccurate information. Case stud volunteer repair services
[12] resilience. : 2. They also found several ualitatin’ Healthcare  Brazil volunteer trfinin sharir,1 Not
2. They also mentioned enablers, such as 3 ¢ lvsi i llab & tion & mentioned
ventilator availability, comprehensive policies, ata analysis ZXPeI; lse,lCO aboration to
supplies, and policies circular innovation, clear eve T%a Fergat;ves, .
during the COVID-19 purpose, strong consolidating information,
pandemic. leadership, flat hierarchy, online collaboration
o with partners
open communication,
and repair formalisation.
3. The adoption of the
repair system could
increase the financial
performance.
. . 1. They found a sustainable Structured design, suitable
L They identified advantage with the logistics, urban symbiosis
different challenges of adoption of the circular practices, sustainable
collaboration in the economy for improving consumption, electric
contegt of Industry 4.0. resilience. vehicles, leadership
2. They integrated 2. Theyalsofounda support, cultural mindset, o . 0
resilience apd circular positive relationship European user-centred design, footprint
[47] supply chains to between dynamic Case study process Europe dematerialisation, sharing Cosf
improve business capabilities and circular industry of reused /recycled efficienc
capablhtle's. supply chains. materials, y
3. They applied two 3. Adaptive dynamic alternative processing
model.s_: §ynam1c capabilities could techniques, increased
capabilities and improve resilience for product lifetime, and
causal relationships. better circular collaboration
performance. with suppliers
1. They introduced “the SI;?:SCiZIiOZ
1. They mentioned a circular prexr_uurfn” as the Reduce
circular strategy after new expression for Reuse, recycle, recover, pollution
the COVID-19 adopting the difference T -
€ - redesign, invest in Improve
andemic between circular and . . . .
[49] P - reular prices Opinions Fashion Not innovation, use sustainable  product
2. They mentioned 5 T}? £ P d that industry specific  fibre, use biobased safety
bif’fliV?YSitY for ’ su;c};ir?;;}ht :houl dbe materials, increase Eliminate
mitigating carbon P doni Y - product lifecycle harmful
footprint. ocused on Improving chemicals
resilience and circular
Reduce

supply chains.

toxicity
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Table 4. Cont.
Reference Contributions Findings g:et;wds Islég::)s::y Regions  Key Strategies f:;fi(c’;zargce
They integrated L The.y foup_d that supply
sustainability and ":ham resﬂler}ce could
supply chain increase business
circularity to enhance performance through the Diversification, knowledge
(48] resilience. adoption of supply chain  Qualitative Seafood Not exchange, Not
They provided a c1rcg!ar1ty. . case study sector specific dematerialisation, and mentioned
supply chain 2. Res111eqce practice and reducing waste generation
resilience—circularity circularity adoption
framework. could be a solution for
mitigating eco-problems.
1. They found that
management, technical,
and market factors have
positive effects on
dynamic capabilities for
remanufacturing.
They explored 2. They also found that
dynamic capabilities eco-factors and Automotive, . Optimise
for remanufacturing in regggatciry_factorts 4 heavy en- 151(1%1?:1 worl_(forccel, revercsie cost
; positively impacte . . ogistics, using advance .
E;ii?;itgg;fnﬂ}e dynamic capabilities for Struct'ural i technology, recycling, Op.xgmal
(13l ; v remanufacturin, equation and Africa changeover systems, pricing
They mentioned two 3 Thev f & modelling mining 1 5€0 4 ! Customer
different orientations, . ey oun_d a positive equip- a te.rnatlve component demand
namely flexibility relatmrllshlp between ment design fulfilment
and control. dynamic
remanufacturing
capabilities and
resilience.
4. Flexible orientation

could perform as a
positive moderator in the
relationship.

2.4. Research Gaps

From the literature review, it has been observed that many studies have considered the
concepts of supply chain resilience and circular supply chain separately and investigated
different strategies and performance indicators. However, the concept of implementing
circular strategies to improve supply chain resilience performance against demand changes
is limited in the literature.

Only a few studies have qualitatively explored both circular and resilience concepts and
argued that implementing circular strategies can improve supply chain resilience [12,13,46-49].
However, the literature on how supply chain networks can be designed and/or redesigned
using circular strategies to manage demand changes and improve resilience is missing. Hence,
a quantitative investigation is needed to develop supply chain planning models and to explore
the usefulness of circular strategies to improve resilience against demand changes.

3. Model Development and Research Methodology

This study takes the first steps to fulfil this significant research gap by quantitatively
modelling the impacts of circular strategies to improve supply chain resilience against
demand changes.

In this study, we consider a two-stage supply chain including distribution centres
(DCs) and retailers. DCs receive products from their suppliers and send them to retailers,
where customers can buy them.

In ideal situations, all retailers” demands are known. DCs stock the product accord-
ingly and distribute it to retailers as per their demands. Ideally, all demands are met.

However, in real-life situations, demand can be increased due to increased population,
changes in prices, and competition. In this situation, the distribution plan needs to be
revised according to the changes in demand. Circular strategies, such as repair and reuse,
can help to mitigate increased demand for certain products, such as smartphones. In this
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study, we investigate how implementing circular strategies can be effective in mitigating
increased demand and can help businesses improve profitability and demand fulfilment.

As per the problem, we divided the study into three tasks.

Task 1: Developing a model to design a supply chain under ideal situations.

Task 2: Developing the model for supply chain plans under increased demand with
no strategies.

Task 3: Extending the model for supply chain plans under increased demand with strategies.

Accordingly, we have developed mathematical models for three different tasks. The
mathematical models are presented in the next sections.

3.1. Model 1: Model to Design a Supply Chain Under Ideal Situations

A supply chain consists of DCs and retailers. DCs receive the products as per orders
from suppliers and deliver them to retailers as per their demand. A mathematical model is
formulated and simulated using the anyLogistix simulation approach to develop supply
chain plans under ideal situations.

The following notations are used:

irsetof DCs (i =1,2,...,1);

jisetof retailers j =1, 2,..., ]);

C;: capacity of DC i;

D;: demand of retailer j;

djj: distance between DC i and retailer j;

xjj: quantity sent from DC i to retailer j;

Yj: quantity received by retailer j;

s: selling price per unit at retailers;

b: buying price per unit by DCs;

t: transportation cost per unit per km;

f: fixed operating cost for a DC per period;

h: inventory holding cost at DCs.

Total revenue and costs are calculated as follows:

J I
Total revenue = Z inj X s (1)
j=li=1
Total transportation cost = ]].:1 21.1:1 dij X xjj X t (2)
. I
Total buying cost = ;:1 Zi:l Xxij X b 3)
Total fixed operating cost of DCs = I x f 4)

The objective function for Model 1 is to maximise the total profit, which is presented
in Equation (5).

J 1 J 1 J I
TOtalprOﬁt:ZZXZ']'XS—ZZXU'Xb—ZZdinxint—IXf (5)

j=li=1 j=li=1 j=li=1

It is subject to the following constraints:
yi= 21‘1:1 xjj; Vj [balancing sent and received quantity] (6)
Z}:l Xij < C;; Vi [capacity constraints] )

Zle xij = Dj; Vj [demand constraints] (8)
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x;j > 0;Vi, j [non-negativity constraints] 9)

3.2. Model 2: Model for Supply Chain Plans Under Increased Demand with No Strategies

For Model 2, the mathematical model, presented in Section 3.1, is changed as the
penalty cost for not meeting the demand is added to the cost.

Penalty cost = p( ]I:l Dj - ij':l 25:1 xif) (10)

where p is the penalty cost per unit of unmet demand.
The objective function for Model 2 is to maximise the total profit, which is presented

in Equation (11).
J 1 J 1 J 1 / J 1
TOtalpI‘OﬁtIZZXU‘XS*ZZXUXb*ZZdijxxint*IXf*p ZD]'*ZZXZ‘]‘ (11)
i=1i=1 i=1i=1 i=1i=1 =1 i=1i=1

The constraint (8) is also changed to reflect demand changes as follows:
Zle x;jj < Dj + Adj; Vj [demand constraints] (12)
where Ad; represents demand changes at retailer j.

3.3. Model 3: Model for Supply Chain Plans Under Increased Demand with Strategies

In this model, we apply two circular strategies to mitigate increased demand and to
improve supply chain resilience. These strategies are as follows:

a.  Use of repair centres: In this study, repair centres are established along with DCs and
used mobile phones are collected to repair them. After repair, mobile phones are sold
as refurbished at a discounted price.

b.  Use of reuse centres: Some used mobile phones can be sold directly without being
repaired. They are collected at the reuse centres and are sold at a lower price than
the new phones.

We assume that the repair and reuse centres are located at DCs. A new mathematical
model is developed to demonstrate the demand changes and incorporate circular strategies.
The following new parameters have been used:

C!: quantity repaired in repair centre i;

b: collection and repair cost per unit in the repair centre;

s': selling price per repaired unit;

x}]-: quantity sent from repair centre i to retailer j;

C?: quantity collected and inspected in reuse centre i;

b%: collection and inspection cost per unit in the reuse centre;

s2: selling price per reused unit;

xlzj: quantity sent from reuse centre i to retailer j.

Total revenue and costs are calculated as follows:

] I J I 1 1 J I 2 2
Total revenue = ) . | Yo xij Xs+ 2;‘:1 Yo% xS+ Zj:1 Y X xs® (13)

Total transportation cost = ij':l Zle dij X (xij + x}]- + xlzj) X t (14)

Total buying, repair, and reuse cost = ][:1 Zle xij X b+ Z;Zl 21'121 x}j x b+ Z}Ll 21‘121 xfj x b? (15)

Total fixed operating cost =1 x f (16)
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Total penalty cost = p( ]],:1 D]- — 2]121 21‘1:1 (xij + x}]- + xé)) (17)

The objective function for Model 3 is to maximise the total profit as presented in
Equation (18). The total profit is determined by subtracting all costs (Equations (14)—(17))
from the revenue (Equation (13)).

J 1 I J 1
Total profit=" ) }_ x;j xs+ } ¥ x}‘ + X Exz s?
j=1li=1 j=1li=1 ] j=1li=1
J I J I
- Y Y djx xij+x}j+xfj)xt722x,]><b
j=li=1 j=1i=1
] 1 ] I (18)
—Y Yahxbl =Y Y apx b
j=1i=1 j=li=1
] I
—p ZD—ZE(xl]+xl]+xl] —Ixf
j= j=1i=1

The objective function is subject to the following constraints:

yj = 25:1 xij + Zle x}j + Zle xlz]-; Vj [balancing sent and received quantity] (19)

Z][:l xjj < Cj; Vi [capacity constraints for new units] (20)
Z}Ll x}]- < Cl-1 ; Vi [capacity constraints for repaired units] (21)
Z]] 1 x < C2 Vi [capacity constraints for reused units] (22)

I I I . .
Zi:l xij+ Zi:l x}]« + Zi:l xl«zj <D;+ Adj; Vj [demand constraints] (23)
Xij, xl-lj, x,-zj > 0;Vi, j [non-negativity constraints] (24)

3.4. Solution Methodology

The developed models have been solved using the anyLogistix simulation approach.
The methodology is presented in Figure 1.

Design a supply chain for ideal situations

(Mathematical modelling and simulation)

A 4

Develop supply chain models for increased demand

(Mathematical modelling and simulation)

Optimisation and simulation to maximise total profit

Compare the findings from different models and conduct sensi-

tivity analysis

Figure 1. The research methodology.
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The steps of the methodologies are described as follows:

Step 1: Designing a supply chain plan under ideal situations (no demand changes).

Step 2: Simulating and optimising the supply chain plan under ideal situations using
the anyLogistix simulation approach.

Step 3: Formulating the revised supply chain models under increased demand and
with circular strategies.

Step 4: Optimising and simulating the revised supply models using the anyLogistix
simulation approach.

Step 5: Comparing the findings under different situations, such as between supply
chain plans under ideal situations, with no strategies, and with circular strategies.

Step 6: Conducting a sensitivity analysis to investigate the impacts of key variables on
cost, profit, and demand fulfilment in mitigating the increased demand.

4. Result Analysis

In this study, we used the case of the distribution of an Australian smartphone model
that can be repaired and reused to mitigate increased demand. We have collected demand
and price data from secondary sources. The following data have been collected:

It was reported that 3.98 million smartphones were sold during the first half of
2024 [50]. Hence, the annual demand for smartphones is estimated at 7.96 million units.
Assuming a particular smartphone model’s share is 5%, the annual demand for that model
is estimated at 7.96 million x 0.05 = 398,000 units.

In this study, we have designed the supply chain with 8 DCs and 80 retailers around
Australia. Hence, demand per retailer per period is estimated at 383 units, assuming the
first order is on the 1st day of the year with a 30-day order interval.

We have taken the average selling price of new phones to be AUD 1399 per unit [51].
We have estimated the buying price of smartphones to be AUD 874.38.

4.1. Results of Supply Chain Plans Under Ideal Situations

To analyse the results of supply chain plans under ideal situations, we solve the model
presented in Section 3.1 using the anyLogistix simulation approach. The supply chain,
under ideal situations, satisfies all retailer demands. Hence, we find that the demand
fulfilment is 100%. Total profit is maximised to be AUD 195,116,138.02. There is no penalty
cost as all demands are satisfied.

The supply chain map under ideal situations is presented in Figure 2. The product
flow is presented in Table 5. We observe that all retailers received the products according to
their demands under ideal situations.

Table 5. Product flow under ideal situations.

From (DCs) To (Retailers) Quantity
Melbourne 2 Retailer Shepparton 4979
Melbourne 2 Retailer Wangaratta 4979
Melbourne 2 Retailer Wodonga 4979
Melbourne 2 Retailer Balwyn North 4979
Melbourne 2 Retailer Traralgon 4979
Melbourne 2 Retailer Glen Iris 4979
Melbourne 2 Retailer Frankston East 4979

Melbourne 2 Retailer Canberra 4979
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Table 5. Cont.

From (DCs) To (Retailers) Quantity
Melbourne 2 Retailer Queanbeyan 4979
Melbourne 2 Retailer Melbourne 210
Melbourne 2 Retailer Albury 4979
Sydney 2 Retailer Port Macquarie 4979
Sydney 2 Retailer Maitland 4979
Sydney 2 Retailer Tamworth 4979
Sydney 2 Retailer Taree 4979
Sydney 2 Retailer Newcastle 4979
Sydney 2 Retailer Port Stephens 4979
Sydney 2 Retailer Bathurst 4979
Sydney 2 Retailer Hornsby 4979
Sydney 2 Retailer Orange 4979
Sydney 2 Retailer Forster 4979
Sydney 2 Retailer Armidale 210
Sydney 1 Retailer Liverpool 4979
Sydney 1 Retailer Katoomba 4979
Sydney 1 Retailer Epping 4979
Sydney 1 Retailer Parramatta 4979
Sydney 1 Retailer Wollongong 4979
Sydney 1 Retailer Goulburn 4979
Sydney 1 Retailer City of Parramatta 4979
Sydney 1 Retailer Sydney 4979
Sydney 1 Retailer Nowra 4979
Sydney 1 Retailer Strathfield 4979
Sydney 1 Retailer Armidale 210
Melbourne 1 Retailer Hobart 4979
Melbourne 1 Retailer Warrnambool 420
Melbourne 1 Retailer Burnie 4979
Melbourne 1 Retailer Devonport 4979
Melbourne 1 Retailer Ballarat 4979
Melbourne 1 Retailer Geelong 4979
Melbourne 1 Retailer Launceston 4979
Melbourne 1 Retailer St Albans 4979
Melbourne 1 Retailer Bendigo 4979
Melbourne 1 Retailer Echuca 4979
Melbourne 1 Retailer Melbourne 4769
Adelaide Retailer Dubbo 4979
Adelaide Retailer Prospect 4979
Adelaide Retailer Mount Gambier 4979
Adelaide Retailer Warrnambool 4559
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Table 5. Cont.

From (DCs) To (Retailers) Quantity
Adelaide Retailer Murray Bridge 4979
Adelaide Retailer Gawler 4979
Adelaide Retailer Adelaide Hills 4979
Adelaide Retailer Whyalla 630
Adelaide Retailer Broken Hill 4979
Adelaide Retailer Adelaide 4979
Adelaide Retailer Mildura 4979
Perth Retailer Geraldton 4979
Perth Retailer Rockingham 4979
Perth Retailer Mandurah 4979
Perth Retailer Kalgoorlie 4979
Perth Retailer Albany 4979
Perth Retailer Perth 4979
Perth Retailer Whyalla 4349
Perth Retailer Busselton 4979
Perth Retailer Bunbury 4979
Perth Retailer Kwinana 4979
Darwin Retailer Rockhampton 4979
Darwin Retailer Gladstone 4979
Darwin Retailer Darwin 4979
Darwin Retailer Alice Springs 4979
Darwin Retailer Townsville 4979
Darwin Retailer Mackay 4979
Darwin Retailer Bundaberg 4349
Darwin Retailer Palmerston 4979
Darwin Retailer Mount Isa 4979
Darwin Retailer Cairns 4979
Brisbane Retailer Gold Coast 4979
Brisbane Retailer Coffs Harbour 4979
Brisbane Retailer Brisbane 4979
Brisbane Retailer Lismore 4979
Brisbane Retailer Maryborough 4979
Brisbane Retailer Woodridge 4979
Brisbane Retailer Logan City 4979
Brisbane Retailer Bundaberg 630
Brisbane Retailer Toowoomba 4979
Brisbane Retailer Caloundra 4979
Brisbane Retailer Armidale 4559
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Figure 2. Supply chain map under ideal situations (red circles indicate DCs and blue circles
indicate retailers).

4.2. Results for Supply Chain Plans Under Increased Demand with No Strategies

To analyse the impacts of the demand changes, we solved the model presented in
Section 3.2. We assumed that the demand increased by 10%. Hence, the annual demand
was 438,142 units. We also considered the penalty cost for not meeting the demand, p = 550.

We simulated the model and found that demand fulfilment was reduced to 91.36%.
Total profit was also reduced to AUD 176,803,869.98 as a significant penalty cost of AUD
20,812,000 has been imposed in the system. This penalty cost is significant as the system was
not capable of meeting the increased demand, and the total profit fell to AUD 176,803,869.98.

The map of supply chain plans for increased demand with no strategies is presented
in Figure 3. The product flow from DCs to retailers is presented in Table Al of Appendix A.
We have observed that retailers located in Port Macquarie, Forster, and Coffs Harbour have
received fewer quantities than their demand. Hence, the demand fulfilment is reduced.

Figure 3. Supply chain map for increased demand with no strategies (red circles indicate DCs and
blue circles indicate retailers).
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4.3. Results for Supply Chain Plans Under Increased Demand with Circular Strategies

To analyse the results for supply chain plans under increased demand and the use-
fulness of circular strategies, we solve the model presented in Section 3.3. We assume the
following data for circular strategies.

We assume that the demand has increased by 10%. The quantity collected and repaired
in repair centres is 2500. The quantity collected and inspected in reuse centres is 3500.

After simulating the model, we have observed that the demand fulfilment improves
significantly to 99.58% and total profit increases to AUD 231,788,877.017. The penalty cost
decreases to AUD 1,012,000 due to an improvement in demand fulfilment. This is because
quantities from repair and reuse centres help mitigate the increased demand.

The map of supply chains for increased demand with circular strategies is presented
in Figure 4. Table A2 of Appendix A presents the product flow. We have observed that
only the retailer at Port Macquarie has received fewer quantities than its demand. Hence,
the demand fulfilment is increased compared to the situation with no strategies and the
penalty cost is reduced significantly.

©

Australia

Figure 4. Supply chain map for increased demand with circular strategies (red circles indicate DCs
and blue circles indicate retailers).

Demand fulfilment is a performance indicator of supply chain resilience. Hence,
circular strategies help mitigate demand increases and improve resilience by improving
demand fulfilment and profitability.

4.4. Comparison of Results

To analyse the usefulness of circular strategies, repair, and reuse, we compare the re-
sults obtained from three different models presented in Section 3. The comparative findings
are presented in Table 6. From the comparison, it is clear that the impacts of increased
demand are significant if not mitigated appropriately. If no strategies are implemented to
mitigate the increased demand, the total profit falls to AUD 176,803,869.98 and demand
fulfilment falls to 91.36%. Hence, a significant penalty cost (AUD 20,812,000) has been
imposed because of not meeting the demand. It is also clear that circular strategies are
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very effective in mitigating the increased demand, improving demand fulfilment, revenue,
and profit, and reducing penalty costs for not satisfying the demand. The implementa-
tion of circular strategies improves demand fulfilment to 99.58% and total profit to AUD
231,788,877.02 due to satisfying the increased demand.

Table 6. Comparison of results between three models.

Model Total Revenue Total Cost Total Profit Demand Fulfilment Penalty Cost
Model under AUD 557,249,680 AUD362,133541.98  AUD195,116,138.02  100% 0

ideal situations

Model for increased

demand with AUD 559,600,000 AUD 382,796,130.02 AUD 176,803,869.98 91.36% AUD 20,812,000
no strategies

Model for increased

demand with AUD 609,964,000 AUD 378,175,122.98 AUD 231,788,877.02 99.58% AUD 1,012,000

circular strategies

5. Sensitivity Analysis

In this section, we conduct a sensitivity analysis for key variables to analyse their
impacts on outcomes. We have selected the rate of increased demand, repair quantity, reuse
quantity, and buying price to analyse how changing the values of the variables impacts
total cost, total profit, and demand fulfilment. For this analysis, we consider the model for
the increased demand with circular strategies and change the values of one variable at a
time. We keep the other variables’ values constant.

5.1. Sensitivity Analysis for the Rate of Increased Demand

In this section, we analyse the impacts of the rate of increased demand on cost, profit,
and demand fulfilment, which is presented in Figure 5.

Sensitivity analysis for the rate of increased demand
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Figure 5. Impacts of the rate of increased demand on cost, profit, and demand fulfilment.

We have observed that if the demand is increased up to 8%, it can be fully mitigated
by repair and reuse quantities. Hence, demand fulfilment remains at 100% and no penalty
cost is imposed. Accordingly, the total profit increases.

However, when the rate of increased demand becomes 10%, we have observed that
the demand fulfilment decreases to 99.58% and penalty cost is introduced in the system.
Hence, the increase in the total profit slows down. In this situation, both repair and reuse
quantities are fully utilised to mitigate the increased demand; however, they are not capable
of fully mitigating it.
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When the rate of increased demand becomes more than 10%, we have observed
that the demand fulfilment decreases further and more penalty cost is imposed in the
system. Hence, the total profit decreases further due to not fulfilling the demand. In this
situation, both repair and reuse quantities are also fully utilised. However, they are useful
in mitigating the increased demand partially.

5.2. Sensitivity Analysis for Repair Quantity
In this section, we explore the impacts of repair quantity on the cost, profit, and
demand fulfilment. Figure 6 presents the sensitivity analysis for the repair quantity.

Sensitivity analysis for repair quantity
T@\400.00 — — 0 — 6 — > — o —o— o— o 100.00%
& 350.00 99.50%
E 300.00 99.00%
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510000 97.00% &
s 50.00 96.50%
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—@— Total cost Total profit Penalty cost Demand fulfilment

Figure 6. Impacts of repair quantities on cost, profit, and demand fulfilment.

We have observed that if the repair quantities are less than 3000, the demand fulfilment
remains less than 100% and a penalty cost is imposed. However, when increasing the repair
quantities, the demand fulfilment increases and penalty cost falls. Hence, the total profit
increases. In this situation, repair quantities are fully utilised, but they are not capable of
mitigating the increased demand fully.

When the repair quantities are more than 3000, we have observed that they are capable
of satisfying the increased demand fully. Hence, the demand fulfilment becomes 100%
and the penalty cost becomes 0. In this situation, the total profit increases further due to
satisfying the demand fully.

5.3. Sensitivity Analysis for Reuse Quantity

We have observed that the reuse quantities have a positive impact on mitigating the
increased demand. Figure 7 presents the impacts of reuse quantities on cost, profit, and
demand fulfilment in mitigating the increased demand.

When the reuse quantities are less than 4000, the demand fulfilment is less than 100%
and there is a penalty cost in the system due to not satisfying demand fully. However,
increasing the repair quantities improves the demand fulfilment and reduces the penalty
cost. Hence, the total profit increases with an increase in reuse quantities.

When the reuse quantity becomes 4000, the system is capable of fulfilling the increased
demand by 100% using the reuse quantities. Hence, the penalty cost becomes 0. In this
situation, the total profit increases further.
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Sensitivity analysis for reuse quantity
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Figure 7. Impacts of reuse quantities on cost, profit, and demand fulfilment.

5.4. Sensitivity Analysis for the Buying Price

In this section, we investigate the impacts of the buying price on cost, profit, and
demand fulfilment. Figure 8 presents the sensitivity analysis for the buying price.

Sensitivity analysis for buying price
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Figure 8. Impacts of the buying price on cost, profit, and demand fulfilment.

We have observed that the buying price does not impact the demand fulfilment and
penalty cost, as it has no role in mitigating the increased demand.

However, the buying price impacts the other costs and the total profit. With an increase
in the buying price, the total cost increases and the total profit decreases.

6. Practical Implications

In this study, we consider major circular strategies, repair and reuse, to mitigate
increased demand for smartphone distribution in Australia. Repair and reuse strategies
are applicable when the used products do not need to be remanufactured from parts and
they can be sold as a refurbished item after repair or inspection (reuse). These strategies
are well-suited for smartphones. However, how the use of repair and reuse strategies can
help improve demand fulfilment and profit and reduce the penalty costs for not meeting
demand has not been explored yet. This study took the first steps to quantitatively validate
the use of circular strategies for meeting increased demand.
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From the results and sensitivity analyses, it is clear that both repair and reuse strategies
are effective in mitigating the increased demand for smartphones. In the future, the demand
for smartphones will increase over time [52]. It is recommended that practitioners utilise
repair and reuse strategies to satisfy some extra demand, which will improve the circular
performance of their supply chains and also improve their resilience by fulfilling the
increased demand. It is also recommended to establish supporting infrastructures such
as collection, repair, and reuse centres and logistics systems for implementing the circular
strategies. It will bring long-term financial and reputational benefits to the organisation
and, most importantly, it will have a competitive advantage in the market due to having a
more resilient plan to mitigate the increased demand.

Decision-makers can also utilise the models we developed in this study to make
their decisions on the level of circular strategies. Although both strategies are effective in
mitigating the increased demand for smartphones, it may be possible that one strategy is
more effective than the other. It also depends on the quality of collected used smartphones.
Some collected smartphones may not be repairable, which should be disregarded for the
analysis. It is also possible that the costs of repair and inspection become higher over time.
Decision-makers should focus on all these scenarios and possible changes and update their
models and decisions accordingly.

7. Conclusions and Future Research Directions

The main objective of this study was to investigate the benefit of circular strategies to
mitigate increased demand. To achieve this objective, we develop mathematical models
and simulation approaches and analyse the results for the distribution of an Australian
smartphone. The contribution of this study is significant as it takes the first step to inves-
tigate the improvement in demand fulfilment and total profit to mitigate the increased
demand by using circular strategies.

The results indicate that if the organisation does not implement any circular strategies
to mitigate the increased demand for smartphones, it will lose revenue and profit and
demand fulfilment will be hurt. It will also incur significant penalty costs, which will
damage the reputation of the organisation. The results also indicate significant benefits
of using circular strategies, such as repair and reuse, in improving revenue and profit
and demand fulfilment. The major indicator of resilience, demand fulfilment, increases
t0 99.58% from 91.36% after implementing repair and reuse strategies to mitigate the 10%
increase in demand for smartphones. Moreover, implementing circular strategies can help
improve the sustainable consumption and performance of supply chains through the use
of the repair and reuse of products.

There are a few limitations of this study. First, it considers repair and reuse strategies
for the analysis. Second, it considers a single model of smartphone and a two-stage supply
chain consisting of DCs and retailers. In the future, these limitations can be overcome by
incorporating other circular strategies, such as remanufacturing and recycling, to make the
findings more realistic. It can be further extended considering a multi-echelon supply chain
with suppliers, manufacturers, distributors, and retailers for multiple types of products.
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Appendix A Product Flow Under Different Situations

Table Al. Product flow for increased demand with no strategies.

From (DCs) To (Retailers) Quantity
Melbourne 2 Retailer Traralgon 5473
Melbourne 2 Retailer Albury 5473
Melbourne 2 Retailer Balwyn North 5473
Melbourne 2 Retailer Wangaratta 5473
Melbourne 2 Retailer Shepparton 5473
Melbourne 2 Retailer Canberra 2972
Melbourne 2 Retailer Glen Iris 5473
Melbourne 2 Retailer Melbourne 3244
Melbourne 2 Retailer Wodonga 5473
Melbourne 2 Retailer Frankston East 5473
Sydney 2 Retailer Katoomba 1758
Sydney 2 Retailer Orange 5473
Sydney 2 Retailer Bathurst 5473
Sydney 2 Retailer Epping 5473
Sydney 2 Retailer Hornsby 5473
Sydney 2 Retailer Port Stephens 5473
Sydney 2 Retailer Forster 4458
Sydney 2 Retailer Newcastle 5473
Sydney 2 Retailer Maitland 5473
Sydney 2 Retailer City of Parramatta 5473
Sydney 1 Retailer Wollongong 5473
Sydney 1 Retailer Liverpool 5473
Sydney 1 Retailer Nowra 5473
Sydney 1 Retailer Sydney 5473
Sydney 1 Retailer Katoomba 3715
Sydney 1 Retailer Queanbeyan 5473
Sydney 1 Retailer Canberra 2501
Sydney 1 Retailer Strathfield 5473
Sydney 1 Retailer Parramatta 5473
Sydney 1 Retailer Goulburn 5473
Melbourne 1 Retailer Devonport 5473
Melbourne 1 Retailer Launceston 5473
Melbourne 1 Retailer Burnie 5473
Melbourne 1 Retailer Ballarat 5473
Melbourne 1 Retailer Warrnambool 3987
Melbourne 1 Retailer Echuca 5473
Melbourne 1 Retailer Melbourne 2229
Melbourne 1 Retailer Bendigo 5473




Sustainability 2025, 17, 8248

23 of 28

Table Al. Cont.

From (DCs) To (Retailers) Quantity
Melbourne 1 Retailer Geelong 5473
Melbourne 1 Retailer St Albans 5473
Adelaide Retailer Prospect 5473
Adelaide Retailer Gawler 5473
Adelaide Retailer Murray Bridge 5473
Adelaide Retailer Adelaide Hills 5473
Adelaide Retailer Whyalla 4730
Adelaide Retailer Warrnambool 1486
Adelaide Retailer Mildura 5473
Adelaide Retailer Adelaide 5473
Adelaide Retailer Broken Hill 5473
Adelaide Retailer Mount Gambier 5473
Perth Retailer Kwinana 5473
Perth Retailer Rockingham 5473
Perth Retailer Albany 5473
Perth Retailer Whyalla 743
Perth Retailer Busselton 5473
Perth Retailer Geraldton 5473
Perth Retailer Bunbury 5473
Perth Retailer Perth 5473
Perth Retailer Kalgoorlie 5473
Perth Retailer Mandurah 5473
Darwin Retailer Cairns 5473
Darwin Retailer Gladstone 5473
Darwin Retailer Palmerston 5473
Darwin Retailer Alice Springs 5473
Darwin Retailer Mackay 5473
Darwin Retailer Bundaberg 743
Darwin Retailer Mount Isa 5473
Darwin Retailer Townsville 5473
Darwin Retailer Darwin 5473
Darwin Retailer Rockhampton 5473
Brisbane Retailer Coffs Harbour 1486
Brisbane Retailer Maryborough 5473
Brisbane Retailer Lismore 5473
Brisbane Retailer Woodridge 5473
Brisbane Retailer Gold Coast 5473
Brisbane Retailer Brisbane 5473
Brisbane Retailer Caloundra 5473
Brisbane Retailer Toowoomba 5473
Brisbane Retailer Bundaberg 4730
Brisbane Retailer Logan City 5473
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Table A2. Product flow for increased demand with circular strategies.

From (DCs) To (Retailers) Quantity
Sydney 2 Retailer Tamworth 5473
Sydney 2 Retailer Orange 5473
Sydney 2 Retailer Hornsby 5473
Sydney 2 Retailer Taree 5473
Sydney 2 Retailer Newcastle 5473
Sydney 2 Retailer Port Stephens 5473
Sydney 2 Retailer Maitland 5473
Sydney 2 Retailer Forster 5473
Sydney 2 Retailer Port Macquarie 743
Sydney 2 Retailer Bathurst 5473
Adelaide Retailer Adelaide 5473
Adelaide Retailer Prospect 5473
Adelaide Retailer Adelaide Hills 5473
Adelaide Retailer Dubbo 5473
Adelaide Retailer Murray Bridge 5473
Adelaide Retailer Mildura 5473
Adelaide Retailer Echuca 2540
Adelaide Retailer Gawler 5473
Adelaide Retailer Broken Hill 4203
Adelaide Retailer Warrnambool 5473
Adelaide Retailer Mount Gambier 5473
Perth Retailer Geraldton 5473
Perth Retailer Busselton 5473
Perth Retailer Albany 5473
Perth Retailer Mandurah 5473
Perth Retailer Whyalla 5473
Perth Retailer Rockingham 5473
Perth Retailer Kwinana 5473
Perth Retailer Kalgoorlie 5473
Perth Retailer Broken Hill 1270
Perth Retailer Perth 5473
Perth Retailer Bunbury 5473
Melbourne 1 Retailer Burnie 5473
Melbourne 1 Retailer Devonport 5473
Melbourne 1 Retailer Bendigo 5473
Melbourne 1 Retailer St Albans 5473
Melbourne 1 Retailer Launceston 5473
Melbourne 1 Retailer Echuca 2933
Melbourne 1 Retailer Hobart 5473
Melbourne 1 Retailer Melbourne 5473
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Table A2. Cont.

From (DCs) To (Retailers) Quantity
Melbourne 1 Retailer Shepparton 3810
Melbourne 1 Retailer Geelong 5473
Melbourne 1 Retailer Ballarat 5473
Brisbane Retailer Brisbane 5473
Brisbane Retailer Armidale 5473
Brisbane Retailer Coffs Harbour 5473
Brisbane Retailer Gold Coast 5473
Brisbane Retailer Woodridge 5473
Brisbane Retailer Caloundra 5473
Brisbane Retailer Logan City 5473
Brisbane Retailer Port Macquarie 2540
Brisbane Retailer Maryborough 4203
Brisbane Retailer Lismore 5473
Brisbane Retailer Toowoomba 5473
Melbourne 2 Retailer Wangaratta 5473
Melbourne 2 Retailer Canberra 5473
Melbourne 2 Retailer Glen Iris 5473
Melbourne 2 Retailer Traralgon 5473
Melbourne 2 Retailer Albury 5473
Melbourne 2 Retailer Queanbeyan 4553
Melbourne 2 Retailer Frankston East 5473
Melbourne 2 Retailer Balwyn North 5473
Melbourne 2 Retailer Shepparton 1663
Melbourne 2 Retailer Wodonga 5473
Sydney 1 Retailer Goulburn 5473
Sydney 1 Retailer City of Parramatta 5473
Sydney 1 Retailer Parramatta 5473
Sydney 1 Retailer Liverpool 5473
Sydney 1 Retailer Epping 5473
Sydney 1 Retailer Wollongong 5473
Sydney 1 Retailer Nowra 5473
Sydney 1 Retailer Queanbeyan 920
Sydney 1 Retailer Sydney 5473
Sydney 1 Retailer Katoomba 5473
Sydney 1 Retailer Port Macquarie 350
Sydney 1 Retailer Strathfield 5473
Darwin Retailer Alice Springs 5473
Darwin Retailer Townsville 5473
Darwin Retailer Bundaberg 5473
Darwin Retailer Cairns 5473
Darwin Retailer Gladstone 5473
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Table A2. Cont.

From (DCs) To (Retailers) Quantity
Darwin Retailer Palmerston 5473
Darwin Retailer Darwin 5473
Darwin Retailer Mount Isa 5473
Darwin Retailer Rockhampton 5473
Darwin Retailer Maryborough 1270
Darwin Retailer Mackay 5473
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