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Abstract: In the e-commerce last-mile delivery process, the asset operators (logistics service providers
who own parcel locker facilities) support their delivery service with parcel lockers, while the non-
asset operators (logistics service providers without parcel lockers) perform door-to-door delivery.
Due to demand fluctuation, asset operators’ parcel-locker slots may be left vacant, while non-asset
operators are stuck with the high-cost door-to-door service. The exclusiveness of parcel-locker usage
reduces resource utilization and service efficiency in last-mile delivery. Therefore, this paper proposes
a parcel-locker-sharing model in which these two parties share the parcel-locker capacity in last-mile
delivery. The asset operator rents the unused parcel lockers to the non-asset operator by charging a
rental fee,while the non-asset operator rents the parcel lockers for delivery to save logistics costs. The
motivation of this alliance is to increase the profits of both parties and that of the total supply chain.
This study establishes the supply-chain profit model for the parcel-locker-sharing framework and
finds that the profit or loss depends on the comparison of the operation cost savings and delivery-
cost savings. A numerical analysis is conducted to validate the final result. The research further
suggests the optimal rental quantity and price interval. This paper is the first to study the operational
mechanism of sharing the parcel locker between two distinct types of logistics service providers and
to offer recommendations for industrial application.

Keywords: last-mile delivery; parcel-locker-sharing model
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1. Introduction

With the development of the global economy and the internet, an ever-increasing
number of customers have decided to shop online [1,2]. In this digital age, a wide variety
of global brands can be found through e-commerce, providing a profitable but challenging
market for companies [3]. Knowing about e-commerce is critical to seizing the huge
market and facilitating the data stream, business stream, capital stream, and coordinated
factors contained in web-based business exercises [4]. The improvement of the initial three
streams has been investigated to a certain extent, while terminal distribution, as an essential
process, has become a bottleneck for the further improvement of e-commerce logistics.
Consequently, increasing attention is attracted to working on the efficiency of the terminal
distribution.

Terminal distribution, or last-mile delivery, alludes to the last segment of the distribu-
tion network, delivering the parcel from the branch office to the final customer. In most
cases, organizations use door-to-door delivery to distribute the parcels, with the couriers
sending the parcels to the clients individually. Door-to-door delivery is the conventional
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choice for last-mile delivery and is exceptionally wasteful, considering uncertainties on the
customer side. Researchers noticed that the costs of last-mile delivery account for 30% of
the total cost of e-commerce logistics [5]. Furthermore, the couriers cannot guarantee the
client is at home during the delivery, and they need to redeliver the parcel if there is nobody
in the designated location, which causes additional expenses. The traditional door-to-door
delivery method has worked in the past. However, the model cannot meet the development
needs brought about by boosting e-commerce [6]. Optimizing the last-mile delivery model
is vital to reduce logistics and distribution costs and improve distribution efficiency and
service satisfaction. Such obstacles are generally observed, requiring researchers to analyze
this topic further.

This paper designs a new parcel-locker-sharing model by combining the last-mile
delivery and resource-sharing models and then analyses its application and feasibility. This
paper addresses the following three research problems.

1. The scenarios in which the parcel-locker-sharing model would be profitable for the
asset operators, the non-asset operators, or both;

2. In the profitable scenarios of the parcel-locker-sharing model, the optimal number of
locker slots that the two parties should share and the price range charged for leasing
parcel-locker slots balance both parties’ benefits;

3. The application of the parcel-locker-sharing model in practice to alleviate last-mile
delivery problems in the e-commerce environment.

The significance and originality of this study are that this is the foundational explo-
ration to examine the feasibility of the parcel-locker-sharing model for last-mile delivery,
and the result is applicable to real-life business. The result could be directly utilized in
cooperative cases in practice, and the profit for every choice is presented too. Moreover, a
profitable range of rental prices could be found in the model. Every point in the interval
will lead to profits for both parties and the whole supply chain. Two parties can use it as a
reference for their further negotiation.

This section introduces the background of the study, research purpose, and signifi-
cance of terminal distribution research in the e-commerce environment. The rest of this
paper is organized as follows. First, Section 2 will summarize the current literature review
and analyze the previous research on the terminal distribution mode and sharing deliv-
ery, clarifying the research opportunity. In Section 3, the research methodology presents
the setting of the parcel-locker-sharing model and its associated optimization methods.
Then, the profit of each party and the whole supply chain is revealed in the framework,
and a numerical analysis of the parcel-locker-sharing model is presented in Section 4.
The section also shows an experimental trial of the framework by using Excel SolverTM
24.0.0.0 (Frontline Systems Inc., Incline Village, NV, USA) to obtain the best result. All
results are demonstrated in numerical form, further verifying the accuracy of the results
in the mathematical modeling. After this, the paper will present the main findings of the
parcel-locker-sharing model and discuss its significance in practical applications. Finally,
Section 6 points out the limitations of the parcel-locker-sharing model, discusses future
improvements, and summarizes this paper’s research findings.

2. Literature Review

Recently, e-commerce and logistics organizations have realized the importance of
terminal distribution and the existing problems and continue to explore a series of terminal
distribution service modes [7]. The current service modes of terminal distribution are
mainly divided into direct and indirect distribution. The direct distribution mode is a
door-to-door service by the e-commerce company or logistics provider’s personnel directly
delivering the goods to the customer’s location [8]. The indirect distribution mode is a self-
help delivery operation. The delivery personnel will deliver the goods to the designated
destination, and then, the customer will pick up the goods at the designated point [9].

Researchers have found ways of improving last-mile delivery from different perspec-
tives. Researchers showed that setting an appropriate distribution center and storage
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spot is effective for last-mile delivery, and developing a terminal distribution mode is
also critical [10]. Another researcher noted that careful investigation is needed to deliver
goods to customers effectively [11]. This article provides a conceptual planning method
based on the last-mile delivery system of the hierarchical structure model. Researchers
proposed decision-making solutions based on the last-mile delivery’s safety, convenience,
and timeliness requirements [12]. It provides a basis for e-commerce platforms to increase
distribution efficiency, reduce costs, and improve user satisfaction.

The research mentioned above introduces some innovative policies and attempts to
streamline last-mile delivery further. Not quite the same as them, this paper focuses on
optimizing the delivery method for last-mile delivery. Delivering by parcel lockers is, by
all accounts, a productive and effective way. Using the parcel locker efficiently in last-mile
delivery will bring about a difference in the functional, emotional, social, and financial
customer value [13]. Parcel-locker delivery contributes to a lower delivery cost than door-
to-door delivery, both in urban and rural areas [14]. Researchers have made significant
progress by introducing the idea of parcel-locker delivery to last-mile delivery. Lately, there
has been a rising number of research studies on the parcel locker, zeroing in on maximizing
the profit or limiting the cost [15,16]. The problem of the optimal locations of parcel lockers
either in commercial areas or in residential areas is discussed by considering the benefits
both to consumers and logistics companies and supply–demand satisfaction [17–19]. Except
for the parcel-locker location, the optimal size of parcel lockers is also what the researchers
are interested in. It is said that before making a decision on the locker size of a building,
collecting information on residents’ online shopping behaviors is important [20]. Further
studies on location optimization have been conducted since the new term ‘movable parcel
lockers’ was developed. Studies combined the terms ‘electric vehicle’ and ‘parcel lockers’,
introducing ‘movable parcel lockers’ to solve the delivery problems. Motivated by the term,
researchers try to optimize the location, the size of the parcel locker, and the number of
parcel lockers dynamically [21,22]. The optimal route with the shortest time is also what
the current research focuses on [23].

Currently, a problem has arisen in the development of parcel lockers. There is a
significant amount of money invested in establishing parcel lockers, which the start-up
company can hardly afford. For instance, there are 800 SF lockers in Hong Kong, each
costing between USD 800 to USD 2700 [24,25]. Moreover, the company that owned the
parcel lockers may not utilize all of them. Some parcel-locker slots are vacant due to
the fluctuation of market demand. There is a chance for various parties to share facilities,
increase benefits, and integrate the supply chain. Given that the sharing mechanisms are not
applied much in the supply chain and logistics industry, the idea of parcel-locker sharing is
raised. As researchers have said, very few scholars have researched parcel-locker-sharing
problems [26].

Furthermore, the sharing mechanism is well known in the new business world, pro-
viding new insights into parcel lockers’ operation. The sharing economy or collaborative
consumption in the peer-to-peer market provides shared access to goods and services
through rental, lending, and exchanging methods. This sharing mechanism creates value
by making assets with low utilization accessible to the community and reducing the need
for ownership [27]. The researcher framed the sharing economy as an economic opportu-
nity; a sustainable method of consumption; a way to a decentralized, equal, and sustainable
economy; and an innovation that creates unregulated marketplaces and reinforces the
neoliberal paradigm [28]. This collaboration concept is increasingly popular and requires
perspective modification from asset occupation to possession and usage without owner-
ship [29]. The popularity of the sharing economy is driven by factors such as supply-chain
value allocation and environmental concerns [30,31]. Customers choose the sharing option
that could bring economic, environmental, and mental benefits. Consumers are motivated
to participate in collaborative consumption for the resource sustainability, enjoyment, and
financial gains the sharing activity brings [32]. Within the sharing economy business mod-
els, customer satisfaction is influenced by the service utility, trust in the resource providers,
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economic savings, and familiarity [33]. In addition, adopting the sharing economy mode
has a positive effect on sustainable gain and financial motive [34].

In the field of logistics, the essence of sharing or cooperative delivery is that enterprises
participate together and carry out unified planning and scheduling management. On
the premise of mutual benefit, enterprises improve resource utilization and distribution
efficiency through the scale of operation activities. The researcher used a traffic simulation
model to study the change in carbon emissions under the city’s cooperative delivery system,
indicating that joint distribution can reduce environmental pollution [35]. Researchers
surveyed several enterprises and summarized ten measures that enterprises use to reduce
environmental pollution, including cooperative delivery [36]. The researcher analyzed
the cooperative delivery application of e-commerce logistics in the common distribution
service station in the center of Tokyo and established the implementation framework of
joint distribution in the e-commerce environment, improving task assignment efficiency for
multi-UAV collaborative package-delivery problems [37]. Researchers showed that new
cooperative arrangements, in the form of a hub-and-spoke system between third-party
logistics providers, were possible and applied them to the real case of an Austrian parcel
service provider [38]. Researchers researched the vehicle-scheduling problem in the supply-
chain management of third-party logistics enterprises [39]. They proposed a new local
collaborative transportation-scheduling strategy, which planned the vehicles uniformly
and delivered the goods to the end customers. Researchers suggested that the efficiency of
task assignments can be improved through the collaborative package delivery of multiple
UAVs [40]. Researchers presented a new idea by introducing the concept of a shared
micro-depot network [41]. This new model not only increases the number of users who
use a micro-depot but also decreases the individual cost and optimizes the use of urban
space. Researchers also noted that crowdsourcing or crowd-shipping, which is the business
model of the sharing economy, is an important trend in scientific research [42]. The above
literature shows that cooperative delivery can integrate and distribute resources uniformly,
which is an effective method for the sustainable development of logistics distribution.

From the summary of the current literature, we can find the advantages and disad-
vantages of the existing distribution mode of terminal distribution in the e-commerce
environment. The distribution mode using parcel lockers is better than the traditional
door-to-door delivery. As the current terminal distribution capacity makes it difficult to
meet the existing demand, the terminal distribution mode must be optimized. By referring
to the concept of joint delivery and clarifying the optimization principle, this paper puts
forward the optimization scheme of applying the thought of joint delivery to a parcel locker.
There is no research on this model and few studies on similar models, so there is a large
literature gap.

3. Materials and Methods

The first step in the process is to build the framework. We list out the asset operator
and non-asset operator’s profit function separately based on the model proposed [43]. We
divide the whole event into two situations, namely a sharing structure and a no-sharing
structure, and define the motivation of cooperation, as the two parties’ net profit will both
increase [44]. In addition, we use the joint profit of the asset operator and non-asset operator
to represent the profit of the total supply chain [45]. Based on this model, a new framework,
called the parcel-locker-sharing framework, is constructed based on cooperative utilization.

To begin with, specific terms in the framework are defined. The expression “asset
operator” refers to the company that owns the parcel locker and operates the parcel-locker
delivery in their business. The term “non-asset operator” signifies a company that runs
door-to-door delivery because of the limited budget for owning parcel lockers. In the parcel-
locker-sharing framework, we try to motivate the collaboration between the asset operator
and the non-asset operator to share the parcel lockers, which the asset operator owns. The
fundamental impetus of the alliance is the profit increase for both parties and the total
supply chain. Before running the sharing framework, the asset operator pays the operating
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cost for unused parcel-locker slots. The non-asset operator delivers parcels door-to-door,
which is costly. When the sharing model is executed, the asset operator charges a rental
price to the non-asset operator to cover the operating cost. The model promotes resource
utilization by putting previously vacant parcel-locker slots into operations The operating
cost for the delivery service of the non-asset operator also decreases. Furthermore, running
the parcel-locker-sharing framework reduces the non-asset operators’ requirement for
owning parcel lockers. Since both parties benefit from the sharing collaboration, the total
supply-chain profit can likewise increase.

After the model formulation, we need to find the optimal renting quantity. The optimal
renting quantity is determined when the total supply-chain profit is maximized. The single-
period model is used to find the optimal renting quantity. Many researchers have utilized
the single-period model to determine the optimal order quantity to maximize the total
profit in two-business operation coordination [45]. Following the mathematical analysis
involving the single-period model, numerical experiments are provided to further validate
the result.

4. Mathematical Modelling
4.1. Problem Description

In the current e-commerce last-mile delivery, logistics providers operate indepen-
dently. The asset operator delivers the customer packages to the parcel lockers in multiple
residential or commercial areas, where customers pick up the parcels at the locker points
at their convenience. To operate parcel delivery for the non-asset operators, they provide
door-to-door delivery to the end customer locations. Asset operators exclusively use the
locker facilities, while non-asset operators cannot access the parcel lockers for their delivery
service. Under the parcel-locker-sharing framework, the asset operators will share the
parcel lockers with the non-asset operators by renting or leasing. The non-asset operators
can use the parcel lockers for their delivery. A summary of notations for the variables used
in the problem is provided in Table 1.

Table 1. Summary of notations.

Notation Description

Parameter

Pa Delivery service charge of asset operator

Pn Delivery service charge of non-asset operator

ca Door-to-door delivery cost of asset operator

cn Door-to-door delivery cost of non-asset operator

f1 Operating cost for used locker

f2 Operating cost for unused locker

K Capacity of asset operator (total number of locker slots)

c′a Delivery cost using parcel lockers of asset operator

c′n Delivery cost using parcel lockers of non-asset operator

Da Delivery demand for asset operator

Dn Delivery demand for non-asset operator

Decision Variable
R Number of lockers rented to the non-asset operator

Pr Rental price for non-asset operator

4.2. Assumptions
4.2.1. Market Demand

The market demand for delivery services for both the asset and the non-asset company
is assumed to follow the normal distribution. A normal distribution is suited to proposing
general static solutions for problems with a fixed time period, which fits the framework
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of this paper [46]. Therefore, the demand for an asset operator Da follows a normal
distribution ~N(µa, σa). The demand for the non-asset operator Dn also follows a normal
distribution ~N(µn, σn).

4.2.2. Cost Index

It is assumed that costs, including the parcel-locker operating costs and the delivery
costs of using parcel locker and door-to-door delivery, can be measured and estimated.
While both used and unused lockers share the operating cost of utility, such as electricity,
used lockers require more maintenance costs because of usage depreciation. Therefore,
the operating costs for used lockers are assumed to be higher than for unused ones, i.e.,
f1 > f2. In addition, when couriers adopt parcel-locker delivery, they only need to travel to
the locker points and store parcels in specific lockers. The delivery cost using parcel lockers
ca, cn will, therefore, be lower than door-to-door delivery costs c′a, c′n. So, the operating cost
for parcel lockers is assumed to be lower than the door-to-door delivery cost, i.e., ca > c′a,
cn > c′n, ca > c′n, cn > c′a.

4.2.3. Locker Capacity

It is assumed that the asset operator’s locker capacity is sufficient to satisfy its own
demand, i.e., K > Da. Since the asset operator will only consider sharing its locker facilities
with the non-asset operator when its locker capacity exceeds its service needs, the assump-
tion of sufficient locker capacity is credible. It serves as a premise for the feasibility of the
mechanism.

4.3. Profit Model

The model expressing the profits of asset and non-asset operators under both original
non-sharing operations and the proposed parcel-locker-sharing operations is established.
The profits of the sharing mechanism for the two parties and the total supply-chain profit of
implementing the sharing mechanism are then computed. The detailed model expressions
are shown as follows.

4.3.1. No-Sharing Operations

For non-asset operator profit,

PnDn − cnDn (1)

For asset operator profit,

PaDa − caDa − f1Da − f2(K − Da) (2)

The profit model can be described as follows.

(1) The profit of the non-asset operator is comprised of the revenue of the delivery service,
PnDn, minus the costs of door-to-door delivery, cnDn;

(2) The profit of the asset operator is comprised of the revenue of the delivery service,
PaDa, minus the costs of delivery using a parcel locker, caDa, and the operating cost
for both used lockers, f1Da, and unused lockers, f2(K − Da).

4.3.2. Sharing Operations

For non-asset operator profit,

PnDn − PrR − c′n Min(R, Dn)− cn Max(Dn − R, 0) (3)

For asset operator profit,

PaDa + PrR − c′a Min(K − R, Da)− ca Max[Da − (K − R), 0]− f1[Min(R, Dn) + Min(K − R, Da)]

− f2[Max(R − Dn, 0) + Max(K − R − Da, 0)]
(4)
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The profit model is explained as follows.

(3) The profit of the non-asset operator under the sharing operations is comprised of
the revenue of delivery service, PnDn, minus the rental costs for using the parcel
locker, PrR, the costs of delivery using parcel locker, c′n Min(R, Dn), and the costs of
door-to-door delivery when the delivery demand is larger than the locker supply,
cn Max(Dn − R, 0);

(4) The profit of the asset operator under the sharing operations is composed of the
revenue of the delivery service, PaDa, together with the parcel-locker rental revenue,
PrR, minus the costs of delivery using the parcel locker, c′a Min(K − R, Da), the costs
of door-to-door delivery in case the unrented locker capacity is not enough to sat-
isfy the delivery demand, ca Max[Da − (K − R), 0], and the operating costs of used
lockers, f1[Min(R, Dn) + Min(K − R, Da)] and the operating costs of unused lockers,
f2[Max(R − Dn, 0) + Max(K − R − Da, 0)].

4.3.3. Sharing Benefit: Sharing Profit–No-Sharing Profit

For non-asset operator benefits,

cnDn − PrR − c′n Min(R, Dn)− cn Max(Dn − R, 0) (5)

For asset operator benefit,

caDa + f1Da + f2(K − Da) + PrR −
(
c′a + f1

)
Min(K − R, Da)− ca Max[Da − (K − R), 0]

− f1[Min(R, Dn)− f2[Max(R − Dn, 0) + Max(K − R − Da, 0)]
(6)

For the total supply-chain benefit,

cnDn + f2K +
(
c′a + f1 − f2

)
Da −

(
f1 + c′n

)
Min(R, Dn)−

(
f1 + c′a

)
Min(K − R, Da)

−ca Max[Da − (K − R), 0]− cn Max(Dn − R, 0)− f2[Max(R − Dn, 0) + Max(K − R − Da, 0)]
(7)

The computation of the sharing mechanism profit is explained as follows.

(5) The profit brought by adopting a sharing mechanism for the non-asset operator is
computed by subtracting the profit under the parcel-locker-sharing operations (3)
from the profit under the no-sharing operations (1) of the non-asset operator;

(6) The profit brought by adopting a sharing mechanism for the asset operator is com-
puted by subtracting the profit under the parcel-locker-sharing operations (4) from
the profit under the no-sharing operations (2) of the asset operator;
The total supply-chain profit is calculated by adding the profit of the two participating
parties of the sharing mechanism, including the non-asset operator (5) and the asset
operator (6).

(7) The positive difference represents that the sharing mechanism increases the profit for
a particular party or the total supply chain. In contrast, a negative result means a
profit decrease is incurred, and the sharing model is unprofitable.

4.4. Mathematical Analysis
Mathematical Model and Computation

The profit model of the total supply chain is built into mathematical formulas of
expected profits for derivative-based optimization analysis. The market demands for the
delivery are presented using a normal distribution. The maximum and minimum functions
are presented using the integrals below.

For the expected total supply-chain benefit,
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P(R)= E[Profit(Da, Dn, R)] =

cn

∫ ∞

0
εn φDn(εn)dεn + f2K +

(
c′a+ f 1− f 2

)∫ ∞

0
εa φDa(εa)dεa

+
(

f1 + c′n
)[∫ R

0
εn φDn(εn)dεn +

∫ ∞

R
RφDn(εn)dεn

]
+
(

f1 + c′a
)[∫ K−R

0
εa φDa(εa)dεa +

∫ ∞

K−R
(K − R)φDa(εa)dεa

]
+ ca

∫ ∞

K−R
[ε a − (K − R)]φDa(εa)dεa − cn

∫ ∞

R
(εn − R)φDn(εn)dεn

+ f2

[∫ R

0
(R − εn)φDn(εn)dεn +

∫ K−R

0
(K − R − εa)φDa(εa)dεa

]

(8)

where φDa(εa) : p.d. f .o f Da, φDn(εn) : p.d. f .o f Dn.
To analyze the profitability of the parcel-locker-sharing mechanism and identify the

optimal renting quantity that will maximize the total supply-chain profit brought by the
mechanism adoption, the first derivative of the expected total supply-chain profit P(R) (8)
is computed:

P’(R) = ( f 1 + c′a − ca
)
[1 − ϕa(K − R)]+(c n − f1 − c′n

)
[1 − ϕn(R)]− f1ϕn(R) + f2ϕa(K − R) (9)

where ϕa(εa) = c.d. f .o f Da, ϕn(εn) = c.d. f .o f Dn.
Let the first derivative of the expected total supply-chain profit P’(R) (9) equals 0, then

c′a − ca + cn − c′n =
(
c′a − ca+ f 1 − f2

)
ϕa(K − R) +

(
cn − c′n+ f 2 − f1

)
ϕn(R) (10)

When the sharing mechanism is profitable, the optimal renting quantity that maxi-
mizes the total supply-chain profit can be computed through this equation.

To analyze the profitability of the mechanism, the second derivative of P(R) in Equation
(8) is computed:

P”(R) =
(
c′a − ca + f1 − f2

)
φDa(K − R) +

(
c′n−cn+ f 1− f 2

)
φDn(R) (11)

For Case 1, when
{

f1− f 2 < ca − c′a
f1− f 2 < cn − c′n

, then P”(R) = (c1−ca+ f 1− f 2)φD1(K − R) +

(c2−cb+ f 1− f 2)φD2(R) < 0.
The negative second derivative implies that the expected total supply-chain profit

P(R) is a concave function. When R = 0, no sharing mechanism is implemented, and no
profit will be generated, i.e., P(R) equals 0 when R = 0. When R increases, the benefit P(R)
will increase from zero to a maximum point and then decrease. The profit maximization
will be achieved at the quantity R when P’(R) = 0.

For Case 2, when
{

f1− f 2 > ca − c′a
f1− f 2 > cn − c′n

, then P”(R) = (c′a − ca+ f 1− f 2)φDa(K − R) +

(c′n−cn+ f 1− f 2)φDn(R) > 0.
The positive second derivative implies that the expected total supply-chain benefit

P(R) is a convex function. Similarly, P(R) equals 0 when R = 0. When R increases, the
benefit P(R) will decrease from zero to a minimum point and then increase. The maximum
will be achieved at the endpoints either when R = 0 or K.

For Case 3, when ca − c′a ≤ f1− f2 ≤ cn − c′n, then P’(R) ≥ (c′a − ca + cn − c′n)[1−ϕn(R)] ≥ 0.
The positive first derivative implies that P(R) is a monotonic increasing function.

Since P(R) = 0, the profit will constantly increase from 0 when the renting quantity R
increases. Therefore, the maximum will be reached at endpoint K.

For Case 4, when cn − c′n ≤ f1− f2 ≤ ca − c′a, then P’(R) ≤ (c′a−ca + cn − c′n)[1−ϕn(R)] ≤ 0.
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The negative first derivative implies that P(R) is a monotonic decreasing function.
Therefore, the profit will continuously decrease from zero when the renting quantity
increases.

Additional to the total supply-chain benefit, the profitability of the two participating
parties, including the asset operator and non-asset operators, is also considered to justify
their willingness to join the sharing model. To ensure the profitability of model adoption
for the two parties, the profit brought by the sharing operations should be positive, i.e.,
Equations (5) and (6) should be larger than zero. The profit balance between the two parties
can be achieved and adjusted by setting the rental price (i.e., Pr).

4.5. Numerical Analysis

A numerical example is used to illustrate the applications of the proposed model. Four
specific numerical examples are used to demonstrate each case.

4.5.1. Parameter Setting

Based on the assumptions about market demand, cost index, and locker capacity, the
basic parameter setting is as follows (Table 2).

Table 2. Parameter setting value.

Parameter Value

Delivery service charge of asset operator, Pa USD 15

Delivery service charge of non-asset operator, Pn USD 13

Operating cost of used parcel locker, f1 USD 2

Operating cost of unused parcel locker, f2 USD 1

Delivery cost using parcel lockers for asset operator, c′n USD 1.5

Delivery cost using parcel lockers for non-asset operator, c′n USD 1.5

Locker capacity, K 1000

Delivery demand for asset operator, Da ~N (600, 30)

Delivery demand for non-asset operator, Dn ~N (500, 40)

4.5.2. Computational Experiments and Discussion

The costs for door-to-door delivery for the asset and non-asset operators are set under
each case scenario to fulfill the different cost-structure conditions. The renting quantity
R is set from 0 to K. (i.e., 1000), and the rental price, Pr is set from 0.2 to 1 for computing
the total supply-chain benefit, asset operator’s profit, and non-asset operator’s profit. The
results are demonstrated in the 3D plots shown in Figures 1–4.

Scenario 1. The delivery-cost saving on using the locker is greater than the operating-cost difference
between using and not using the locker,ca = USD 3, cn = USD 3.

The total supply-chain benefit increases from 0 to a maximum of USD 198.80 at a
renting quantity of 443 units and then decreases. The rental price does not influence the
total supply-chain benefit because it only balances the profits between the two parties, as
shown in Figure 1a. Considering the two parties separately, there is an interval of rental
price, Pr. Between USD 1.046 and USD 1.495 generates positive profits for both the asset
and non-asset operators, as shown in Figure 1b,c. It is noted that the savings in the delivery
cost exceed the operating-cost difference between using and not using the lockers, making
sharing a profitable option for the supply chain. If the two parties can set the costs within
a specific interval, they can adopt the sharing model to maximize the total supply-chain
benefit.
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Figure 1. (a) Total supply-chain profit under scenario 1. (b) Asset operator’s profit under scenario 1.
(c) Non-asset operator’s profit under scenario 1.

Scenario 2. The delivery-cost benefit of using the locker is smaller than the operating-cost difference
between using and not using the locker, i.e.,ca = USD 2, cn = USD 2.
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Figure 2. (a) Total supply-chain profit under scenario 2. (b) Asset operator’s profit under scenario 2.
(c) Non-asset operator’s profit under scenario 2.

The total supply-chain benefit decreases from 0 to the minimum and bounces back
to a maximum of USD 50 in Figure 2a at the endpoint K. The positive profit for both
parties is achieved when the rental price is between USD 0.2 to USD 0.25, as shown in
Figure 2b,c. Under this scenario, the operating-cost difference between using and not using
the lockers is larger than the savings by using parcel-locker delivery. As a result, the usage
of a locker will incur higher costs to the asset operator, which implies that renting out
the unused capacity is not profitable for the whole supply chain. Therefore, the sharing
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mechanism should not be implemented. However, there is a case when the asset operator
rents out the full capacity to the non-asset operator, such that the rental price can cover the
operating-cost difference between using and not using the lockers. As a result, there would
be a positive total supply-chain benefit in the expenses of the non-asset operator.

Scenario 3. The cost savings for the non-asset operator using the locker is larger than the operating
cost difference between using and not using the locker and larger than the cost saving for the asset
operator,ca = USD 2, cn = USD 3.
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Figure 3. (a) Total supply-chain profit under scenario 3. (b) Asset operator’s profit under scenario 3.
(c) Non-asset operator’s profit under scenario 3.

The total supply-chain benefit continuously increases from 0 to the maximum of USD
550 at the endpoint K, as shown in Figure 3a. The positive profits for both parties are
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achieved when the rental price is between USD 0.2 to USD 0.75, as shown in Figure 3b,c.
Under this scenario, the savings from using the lockers for the non-asset operator exceed
the additional cost of operating the lockers and the savings achievable by the asset operator.
On the other hand, if the non-asset operator solely uses the locker to fulfill its demand, the
total supply chain can achieve more cost savings. Therefore, the asset company should rent
out its full capacity to maximize the total supply-chain benefit.

Scenario 4. The cost savings for the asset operator using the locker is larger than the operating-cost
difference between using and not using the locker and larger than the cost saving for the non-asset
operator,ca = USD 3, cn = USD 2.

There is no positive benefit for the total supply chain, as shown in Figure 4a, indicating
the unprofitability of the sharing mechanism under this cost scenario. Under this scenario,
the asset operator can save more money by using the parcel locker for delivery. In contrast,
the additional cost of operating the used locker cannot be covered by the non-asset opera-
tor’s savings on the delivery cost. Therefore, renting lockers to the non-asset operator is
not profitable to the supply chain. Thus, the sharing mechanism should not be adopted.

In addition to the total supply-chain benefit, the profitability of the two participating
parties should also be fulfilled for model implementation by adjusting the rental price. The
rental price can be determined within the price interval computed using Equations (5) and
(6) and depends on the bargaining power of the two parties.

The value we set in numerical analysis was picked under the assumption of the
market demand, cost index, and locker capacity. To show the result significantly in different
scenarios, we enlarge the differences between the service revenue and the delivery cost.
It is believed that the whole case will earn profit or lose money, even though the price of
the delivery service is a little greater than the cost of delivery by door to door and the cost
of delivering by parcel locker. The difference will only be seen in terms of the value and
not the final strategy and decision. Overall, the focus of picking the cost values is on size
relationships rather than specific differences. The final decision will always be the same
under the assumption.
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Figure 4. (a) Total supply-chain profit under scenario 4. (b) Asset operator’s profit under scenario 4.
(c) Non-asset operator’s profit under scenario 4.

5. Discussions

The result (Table 3) shows that we can determine the profitability of the framework
by comparing the locker operating-cost difference and the savings of the delivery costs
from using the locker. There are four scenarios for running the framework. The sharing
is profitable when the increase in operating cost is smaller than the delivery-cost savings
for both operators. When the increase in the operating cost is between the delivery-cost
savings of the two operators, if the cost savings for the non-asset operator is larger, the
sharing framework brings profit and reaches the optimum when the total locker capacity is
rented. If the cost savings for the asset operator is larger, the sharing of the locker should
not be implemented. The profitability is undetermined if the increase in operating cost is
larger than the delivery-cost savings for both parties. It requires further analysis to decide
whether to abandon the sharing framework or rent all the lockers. The rental price will be
determined based on the bargaining power of the two parties to agree on a price, ensuring
mutual profits. These outcomes can be directly applied to real-life cases when companies
collect related data.
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Table 3. Profitability summary of the sharing mechanism and suggested strategies.

Scenario Profitability Strategy

1 f1− f 2 < ca − c′a, f1− f 2 < cn − c′n Profitable Rent R at P’(R) = 0

2 f1− f 2 > ca − c′a, f1− f 2 > cn − c′n Undetermined Do not rent or rent K

3 ca − c′a ≤ f1− f 2 ≤ cn − c′n Profitable Rent K

4 cn − c′n ≤ f1− f 2 ≤ ca − c′a Unprofitable No-sharing

The computational experiment results provide significant insights into the operational
and economic dynamics of such a locker-sharing collaborative model. By examining four
distinct scenarios based on the cost differentials between operating used and unused lockers
versus the cost differences between s door-to-door service and a parcel-locker delivery
service, the study elucidates the conditions under which sharing parcel lockers can be
mutually beneficial.

From a managerial perspective, this study provides actionable insights into how logis-
tics operators can strategically adopt a locker-sharing model. Managers should conduct
a thorough cost–benefit analysis to understand their specific cost structures and identify
the scenarios where sharing would be advantageous. For instance, if the operating costs of
unused lockers are significantly high, sharing these lockers with non-asset operators can
help distribute these costs more effectively, leading to overall cost reductions. Additionally,
managers should consider the demand patterns and delivery preferences of their customers
to optimize the use of the shared lockers. By leveraging these insights, logistics operators
can make informed decisions about when and how to engage in locker-sharing agree-
ments, ultimately enhancing their service offerings and operational efficiency. This study,
thus, contributes to the broader understanding of collaborative logistics and provides a
framework for implementing shared locker systems in real-world scenarios.

Implementing this framework in real life can also significantly contribute to envi-
ronmental protection, particularly by reducing carbon emissions through a decrease in
the number of door-to-door deliveries. This reduction aligns with the growing emphasis
on sustainability within supply-chain operations. As businesses increasingly prioritize
environmental concerns, the model’s ability to lower emissions through optimized delivery
routes offers substantial advantages. It presents a valuable solution, not only in terms of
cost-efficiency but also in promoting sustainability, thereby addressing both economic and
environmental objectives.

6. Implications and Limitations

With the continuous growth of the e-commerce market, last-mile delivery is the
terminal link of supply-chain activities, and the level of its logistics costs largely affects the
operational efficiency of the entire supply chain. The parcel-locker network emerges as a
promising contributor to solving the last-mile delivery problem. This paper contributes
to the research on parcel-locker utilization for last-mile delivery by providing a novel and
systematic analysis of the profitability of the parcel-locker-sharing framework and the
optimization of the framework. The research results suggest the profitability of the sharing
framework, the optimal renting quantity, and the rental price. Furthermore, the sharing
parcel-locker framework has established a logistics market in which companies cooperate
and integrate the resources of enterprises, building a new era of last-mile delivery. The
key to whether a company can successfully integrate last-mile delivery resources lies in
the feasibility of its operations, which is the trade-off of changes in operating costs and
delivery costs in the model. It is believed that the use of shared parcel lockers will soon
become inevitable, and this research will help companies pursue this collaborative model.

The current work has limitations, and there is room for further progress by considering
relaxation on the setting of demand and variable delivery charges. Future research can
consider introducing dynamic variables into the framework. Fluctuations in the demand
and delivery price will make the framework more practical. In addition, the framework
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could expand and be broader regarding allocating customer orders so that the operators
can assign customer orders for door-to-door or parcel-locker delivery. The customer’s
preference for door-to-door or parcel-locker delivery can also be involved, influencing the
customer’s perceived value and selection of different last-mile delivery modes. Another
cogitation includes that door-to-door delivery services may charge a higher price than
parcel-locker delivery in particular situations for better services, such as heavy items or
parcels for the elderly with mobility problems. By incorporating these factors, future studies
could empirically validate or simulate to offer a more comprehensive understanding of the
parcel-locker-sharing framework. Future research can also consider the relaxation of some
assumptions and involve customer preferences, making this model more practical.

7. Conclusions

The increased customer demand for e-commerce activities has attached importance
to managing last-mile delivery. The parcel locker is one of the rising solutions to improve
efficiency in last-mile delivery, and the sharing economy catalyzes logistics companies to
consider cooperation. The parcel-locker-sharing framework that promotes the collaboration
between the asset and non-asset logistics operators for using parcel lockers for last-mile
delivery can be implemented to improve operational efficiency and resource utilization.
Asset operators may have a surplus of unused lockers without sharing, and non-asset
operators must provide expensive door-to-door services. Under the parcel-locker-sharing
framework, the asset operator rents out a specific number of parcel lockers to the non-asset
operator. The asset operator gains revenue from renting the lockers but faces a higher
chance of insufficient lockers for themselves and may end up paying a higher cost for
additional door-to-door delivery service. Non-asset operators will have some parcel lockers
for delivery service, lowering their operations costs. There will be mutual benefits to both
parties if the parcel-locker-sharing framework is implemented.
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