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Abstract: This study evaluates the implementation costs of cloud-based booking platforms (CBBPs)
to manage vehicle queues in warehouses and investigates how cloud-based booking platforms
support inter-organizational logistics processes. To understand the impact of CBBPs, we interviewed
logistics managers concerning the structure of the CBBP processes, salient platform features, and
their effects on inter-organizational dynamics. In addition, we conducted an analytical modeling
simulation to compute the economic impact of each investment scenario. Our results show that CBBP
benefits, and their financial viability, are sensitive to the size of a company and the selected decision
driver (cost vs. time optimization). Hence, our findings challenge the standard view that adopting
digital technologies in inter-organizational settings is an easy task.
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1. Introduction

New digital technologies are critical enablers of supply chain collaboration and inter-
organizational relationships management [1,2]. Digital technologies allow data integration
and support joint decision making, aligning inter-organizational incentives [1–3], which
enable firms to deliver better performances [1,4] and achieve higher competitive advan-
tages in a supply chain [4]. In addition to these benefits, digital technologies can provide a
broader set of environmental advantages by improving material planning, resource utiliza-
tion, production and delivery optimization, which reduce CO2 emissions and production
waste [5].

There is extensive literature on the role of digital technologies in developing collabo-
ration between supply chain partners [6–8]. For instance, digital technology plays a critical
role at logistics nodes (consolidation hubs and warehouses) and transportation arches
(national/international transportation processes) of a distribution network. Furthermore,
the literature demonstrates a strong focus on different technologies, such as using the
Internet of Things (IoT) to collect data about technical features [9], artificial intelligence, ma-
chine learning, and big data analytics to analyze the data and improve the decision-making
process [10], and blockchain technology to achieve greater transparency and traceability [2].

The spread of collaboration via digital technologies has created a perception that
broader and deeper technological applications must always be beneficial and worth-
while [1]. Recently, the COVID-19 pandemic has also demonstrated the vital role of digital
technology in business continuity. The pandemic health crisis has indeed accelerated the
cloud adoption by business corporations and end-users to allow remote working and to
maintain operational resilience. Similarly, utilizing digital technologies has undeniable
value in supply chain collaboration.

However, from an economic perspective, adopting digital technologies to support
interfirm and supply chain collaboration may not always be convenient. For instance,
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digital solutions are beneficial if governance mechanisms clearly outline the roles, respon-
sibilities, and processes among the collaborating parties [11]. Further, doubts about the
possible benefits can occur when partners rely on static communication channels and IT
(information technology) systems. Such elements limit the collaborating partners to engage
in dynamic collaboration relationships and mitigate the high uncertainty characterizing
business contexts [11,12]. However, such limitations are manageable when the network
and its participants can quickly and openly connect with different players. Among digital
technologies and digital solutions, digital platforms are quite noticeable [11]. Digital plat-
forms are studied in B2C environments as the main enablers of new business models [13].
However, their application and actual potential in enhancing B2B collaboration remain
under-investigated. Therefore, this study examines the collaborative role of cloud-based
booking platforms (CBBPs) in warehouses and their impact on inter-organizational logistics
processes.

This study focuses on cloud-based technologies (CBTs), recognized to improve supply
chain performance [14]. For instance, CBT solutions can enhance the governance of the
inter-organizational processes and facilitate dynamic collaboration among supply chain
relationships [11]. In addition, CBT allows real-time synchronization among supply chain
activities, which increases flexibility and collaboration [15,16]. Alsaad et al. [15] argue
that the flexibility guaranteed by cloud-based solutions leads to increased time and cost
efficiencies. Moreover, CBT is essential for the safety of cyber-physical systems, ensuring
the seamless connection of embedded systems and services [17].

CBT increases transparency that facilitates the development of trust-based mecha-
nisms. Practitioners also recognize CBT as one of the pioneer technologies to lead digital
transformation and have emphasized examining its role in developing collaboration [14].
However, the topic remains under-examined in the relevant literature.

CBT has cross-sectional applications in many logistics and supply chain operations.
Warehouse operations are one of the contexts for applying CBT. Warehouse operations
indeed suffer from several coordination problems that cause congestion because trucks of
different sizes arrive to deliver or pick up items. Reducing waiting time and accelerating
handling processes is always critical to improve warehouse logistics operations. Therefore,
it is interesting to investigate the likely outcomes when CBTs such as cloud-based booking
platforms (CBBPs) are adopted at warehouses to manage truck queues. Precisely, we
assume that the implementation of a CBBP in a warehouse would allow warehouse owners
to effectively manage the incoming and outgoing shipments schedule (or modify it in
real-time) and reduce shippers’ waiting time during peak congestion hours. Hence, the
first research question of this study is to assess the time savings generated when a CBBP is
adopted in warehouse operations and its tangible advantages.

The possible benefits however depend on some context factors, such as company
size. Zhu et al. [18] suggest that larger firms may be more suitable for CBBPs, as they
have abundant financial resources. However, smaller companies are more likely to adapt
to new logistics innovations [8,19] to collaborate better with the supply chain partners.
The convenience to adopt thistechnology also depends on the type of product a company
is selling. Product features may affect the service time needed to load/unload it from
the truck. Current literature has neglected several contextual variables that affect such
CBBPs’ potential viability and efficiency gains. Analyzing financial sustainability is critical
for any investment evaluation. Moreover, it becomes essential in an inter-organizational
relationship because any B2B collaboration aims firstly to generate an economic advantage,
even when some social or environmental interests are at stake [20]. Hence, this study’s
second research question evaluates the financial convenience of adopting CBBP solutions
in warehouse operations considering different company sizes and product types.

By addressing these two research questions, this study contributes to the literature in
many ways. First, the first research question quantifies the tangible benefits of adopting
CBBP in warehouse operations. Various qualitative aspects cited in the current literature
are insufficient to determine whether investing in a CBBP is a viable solution. Second, the
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study will help us understand multiple circumstances that provide the economic viability
of adopting digital technologies. To the best of our knowledge, the relevant literature has
ignored such questions. Finally, our study also provides evidence that investing in digital
solutions is fundamental, but it is not always convenient as a purely economic choice.
Therefore, alternatives should be investigated to make digital technologies more accessible
from an economic perspective. We propose such options in the future research suggestions
of this study.

The remainder of this paper presents the following structure: the next section examines
the literature on collaborative applications in the logistics field with a focus on digital
technology and CBBPs; the third section describes the methodology; the fourth section
presents the results; the fifth section elucidates the critical contributions of the study; the
last section concludes and suggests future research directions.

2. Literature Review
2.1. The Importance of Inter-Organizational Collaboration

In the current complex world, companies are increasingly connected and involved
in inter-organizational processes. Collaboration practices are fundamental whenever
these relations are in place due to lack of integration between the involved companies
that may lead to unsuccessful outcomes, such as poor planning, conflicting goal setting,
channel cannibalization, and inefficiencies [21,22]. Therefore, the collaboration theory
gives high importance to shared power structures, communication channels, and resource
pooling [23,24].

Several methods are applied to enhance collaboration among supply chain and logis-
tics organizations, such as collaborative forecasting, establishing and monitoring routines of
customers or suppliers, optimization of cost for facility and inventory locations, inventory
management, and distribution [25]. Although these traditional collaboration mechanisms
exist, the full potential of effective supply chain and logistics collaboration is focused on
finding digital solutions [25]. Thanks to e-collaboration, the transaction-based interactions
among different players in the supply chain have become relationship-based, involving
information and resource sharing and process integration [26]. The first developed dig-
ital solution to enable e-collaboration was Electronic Data Interchange (EDI). Current
e-business solutions offer better data transfer, require lower investments, and provide
higher performance in identifying bottlenecks [27]. Additionally, they provide effective
solutions for e-commerce, digital platforms, and marketplaces [28].

2.2. Digital Methods of Collaboration

Digital platforms (in B2B) have existed in the logistics domain for many years [29].
The participants in these platforms (e.g., shippers, carriers, product companies) share
common business interests without formal contracts. Such platforms increase the visibility
of information, support the distribution network optimization, increase trust, and pave the
way to horizontal governance mechanisms [11]. However, some digital technologies have
received more attention than digital platforms in the logistics and supply chain domain.
For example, augmented reality applications supporting picking and storage activities
in warehouses [30] andAutomated guided vehicles (AGV) applied in both indoor and
outdoor environments (e.g., to support loading/unloading activities in the warehouses
or the movement of containers within the harbors or the airports) are well studied in the
literature [31,32].

Another well-investigated technology is IoT, used within the warehouse to track goods
(pallets, boxes, items), manage the information of their indoor localization, and allow fork-
lift movement across various warehouse zones [33]. Additionally, the IoT systems support
the performance of transport services by collecting data for tracking, optimizing routes,
and forecasting shipment delays. Big Data Analytics is then used to extract value from a
large quantity of data (also collected via IoT sensors) and support decision making [33].
Among the most frequently discussed technologies for logistics applications, we also find
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the blockchain, which is helpful to improve the visibility and transparency among supply
chain actors [34]. Although some of the mentioned technologies can effectively support
collaboration, cloud technology has long been considered one of the main enablers of
cooperation [35].

2.3. A Focus on Cloud-Based Collaborative Platforms

Cloud systems refer to a set of on-demand computing services accessible by the entire
network and, in some cases, combined with IoT components. Some cloud-based tools
improve coordination between the logistics partners involved in the transportation phases
and optimize usage of resources [6]. These systems connect different actors, such as retailers,
distributors, logistics service providers, product or service companies, and end-users [36].
They are also applied to monitor flows of goods, detect changes in scheduling or delays in
shipment [37,38], track containers within the terminals and international transportation,
and supervise the discharge of custom brokers [39]. Unlike non-cloud-based platforms, the
cloud-based ones provide full visibility of on-site scheduling, the possibility to outsource
bookings, more standardized and easy-to-measure processes.

Theoretically, collaborative platforms are studied under different approaches. The
resource-based view [40] focuses on the internal resources that each company can share with
the network. The relational view [41] highlights the value of a relationship as a resource
and its role in providing positive results. The network theory states that organizations
within a network can access and exploit each other’s resources, and such network dynamics
help develop additional knowledge and capabilities [42]. Transaction costs economics
(TCE) [43] postulates that cloud integration reduces transaction costs linked to coordination
and monitoring of opportunistic behaviors. These theories provide great rationales about
the various motives that justify inter-organizational collaboration via digital platforms [29].

According to Alsaad et al. [15], the flexibility guaranteed by adopting cloud-based
platforms leads to more efficiency in terms of time and cost. However, the literature
lacks practical and empirical measurements of these kinds of associated benefits. Drabek
et al. [17] assessed the performance of automated valet parking systems continuously con-
nected with cloud systems to show superior results compared to alternative methods. We
follow a similar case-based approach and examine the issue of CBBPs’ adoption through
the decision analysis lens [44]. Further, we rely on the estimation of the economic viability
of collaborative platforms adoption. The financial viability of any digital platform is a pre-
requisite for enhancing inter-organizational cooperation. Any successful B2B collaboration
requires the possibility of economic advantages. Digital platforms have no justification if
collaboration fails to provide positive financial results [45]. Another issue that remains un-
explored in literature is whether these platforms can provide good benefits to all companies.
While CBBPs have superior performances than traditional booking tools, they demand
extensive investments and evaluation of financial considerations. Performing a cost-benefit
analysis involves the availability of accurate empirical data, which is a limiting factor if
the scope of the investigation is too broad. Hence, this study tackles the convenience of
investing in collaborative digital technologies focusing on CBBPs for warehouse activities.

To guarantee an efficient movement of freight, warehouses and their logistic activities
play a crucial role. Warehouse logistic operations need to be smooth, without unnecessary
delays at the truck check-in, (un) loading, and check-out points [46]. Unfortunately, research
shows that warehouse operations endure an absence of coordination and individual carriers
fail to optimize their delivery schedules, causing long delays and increasing waiting
hours [47]. Such inefficiencies directly impact supply chains performance, both in terms
of costs and environmental effects. The negative externalities caused by delays include
the waiting time of drivers, the penalty costs paid by the warehouse operator if the delay
exceeds the agreed time, and higher emissions produced by the queueing trucks [46].
Additionally, other in-house warehouse handling activities, such as picking and packing,
contribute to increasing the carbon footprint of warehouses [48].
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Studies [49,50] suggest ideas to accelerate the inbound warehousing processes, set
appointment-based deliveries, give incentives for delivery at off-peak hours, and imple-
ment prioritization policies for serving waiting trucks [46,51].

However, most warehouses use offline booking systems that do not allow synchroniz-
ing delivery activities between the arriving trucks and warehouses because trucks cannot
provide real-time arrival information (e.g., traffic conditions or other inconveniences).
CBBPs are good candidates to solve this problem and are therefore selected as a contex-
tual application for the main purposes of this paper. Despite the emerging commercial
applications of CBBPs, limited research examines their operational aspects and managerial
implications. Further, CBBPs and their various practical consequences deserve serious con-
sideration by managers and researchers. In addition, analyzing CBBPs from a quantitative
perspective could provide a useful understanding of cloud-based solutions. For example,
some authors suggest leveraging queueing theory and technology to optimize inbound
and outbound warehouse operations [52,53]. However, literature discusses robotized and
automated warehouse systems [54,55] much more than cloud-based solutions.

3. Methodology

This research follows a mixed methodology that is particularly useful when analyzing
complex phenomena [52–54]. More specifically, we rely on (i) qualitative interviews to
collect information about the structure of the warehousing processes, the CBBP features,
and its impact on inter-organizational dynamics; (ii) analytical modeling to compute the
economics of each alternative and investment scenario; and (iii) collection of quantitative
empirical data from primary sources (interviewed companies) and secondary ones (publicly
available reports). The prime objective of this analysis is to support supply chain firms
regarding their investment decisions in CBBPs. We adopt such methods throughout
the four main steps of the widely adopted approach in decision analysis presented by
Keeney [44] and herein described.

3.1. Step I: Structure the Decision Problem

To correctly design our decision problem, we initially collected some information via
interviews with providers and users of collaborative platforms. Based on the outcome of
these interviews, we decided to focus on CBBPs for managing queues in the warehouse,
as anticipated in earlier sections of this paper. Thus, the decision problem to solve in this
setting is evaluating the investment in this type of platform, taking the perspective of
companies with different features. Table 1 reports the profile of the interviewees involved
in the research. Some represent possible adopters of the solution (1–5), while others (6–8)
develop the solution analyzed in this research.

3.2. Step II: Assess Possible Impacts of Each Alternative

The impacts of investing in the proposed platform are assessed both in organizational
and economic terms. In the first case, by relying on interviews with companies involved
in the research, we represented how the queue management process is structured after
the platform adoption. In the second case, the average time and costs of the operation are
estimated via a simulation algorithm and a consequent economic investment analysis.

The algorithm, suited to evaluate the CBBP, is launched on Python and simulates the
arrivals of vehicles in a warehouse every hour to perform the loading or unloading activity.
Consistent with current studies [52,53,56–58], our study applied simulation and queueing
theory. Two codes have been programmed.

The first code simulates the arrivals scheduled with the booking tool when the plat-
form is adopted. Therefore, the number of arrivals is assumed to be constant every hour.
The second one simulates the arrivals without any appointment and represents a company
that does not adopt the platform. In this case, the arrivals follow a Poisson distribution
with the parameter λ (trucks/h). The outputs of two simulations estimate the average
waiting times per truck so that the model measures the expected reduction in waiting time,
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guaranteed by using the CBBP. One hundred simulations, each consisting of 1000 iterations,
were managed to ensure reliable results.

Table 1. Profile of interviewees.

No. Interviewee 1 Type of Company Type of Product Job Title of Interviewee

# 1 eCommerce player with
a large fulfillment center

Packaged freight
(Pallet loads) Logistics Manager

# 2 Traditional player of
medium size

Bulky goods
(Non-pallet loads)

Demand Planning and
Logistics Manager

# 3 Traditional player of
large size

Bulky goods
(Non-pallet loads) Logistics Manager

# 4 eCommerce player of
medium size

Packaged freight
(Pallet loads) Supply Chain Manager

# 5 Traditional player of
small size

Packaged freight
(Pallet loads)

Operations and
Logistics Manager

# 6 Collaborative platform
service provider - IT Project Manager

# 7 Collaborative platform
service provider - Product Manager

# 8 Collaborative platform
service provider - Software Development

Manager
1 Interviewee from 1 to 5 are representatives of the 5 case scenarios later presented in the paper.

Given an iteration, the code prints the ID of all the vehicles in the warehouse and their
required or remaining service time (e.g., (truck 6; 4 h)). At the end of each iteration, the
"waiting time" variable is printed; it is equal to the total number of vehicles in a queue that
must still be loaded/unloaded and computed as reported in the formula below.

Waiting time (iteration)i,j = 1 h × (#trucks that have not started the loading or
unloadingi) ∀ i,j

(1)

where i = i-th iteration and j = j-th run.
The overall waiting time of a simulation run is computed as the sum of waiting times

in its 1000 iterations. Then, the average waiting time per truck in a run is calculated by
dividing the total waiting time (run) by the total number of arrivals in the 1000 iterations
of each run. Finally, the average waiting time of the 100 runs has been computed for each
specific case.

3.3. Step III: Determine the Preferences of Decision Makers

To account for the differences in the decision-making context, we identify five scenarios
based on the interviews with potential users (i.e., the warehouse owners). Their features
are summarized as follows:

Scenario 1: This represents the case of a large fulfillment center with palletized
products. The level of flow is high (at least two trucks per hour). The loading/unloading
session duration is medium-low (not exceeding one hour), and three teams of warehouse
operators handle the activities.

Scenario 2: This represents a medium company producing bulky goods that cannot be
palletized and for which the loading/unloading activities are complex. The flow level is
medium (around one truck per hour), the loading/unloading session duration is long (at
least two hours), and three teams carry out the activities.

Scenario 3: This represents a big company that produces bulky goods, which cannot
be palletized, implying complex loading/unloading activities. The flow level is high (at
least two trucks per hour), the loading/unloading session duration is long (at least two
hours per truck), and six teams are dedicated to the activities.

Scenario 4: This represents a medium company with palletized products. The level of
flow is medium (around one truck per hour). The loading/unloading session duration is
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medium-low (one hour per truck), and three teams of warehouse operators are dedicated
to the activities.

Scenario 5: This represents a small company with palletized products. The level of
flow is medium (one truck per hour). The loading/unloading session duration is medium-
low (one hour per truck), and two teams of warehouse operators are dedicated to the
activities.

3.4. Step IV: Evaluate and Compare Alternatives

The criteria used to support decision making for the presented scenarios are the
average waiting time and the net present cost (NPC) over a time horizon of five years,
based on the formula:

NPC =
T

∑
t=0

NCFt

(1 + WACC)t (2)

The NPC is the present value of all the costs associated with the adoption of a CBBP.
Net present value is calculated for evaluating investment planning, capital budgeting,
and measuring project profitability. To compare costs occurring at different periods, the
NPC formula requires that future costs are discounted at a rate, usually equivalent to the
weighted average cost of capital (WACC), representing the after-tax cost of a company’s
various capital sources, includingequity and debt. In our setting, the decision maker is a
single company that is pondering the decision to use the CBBP for its warehouse activities
involving external shippers and has the following three options: (a) invest in the platform,
(b) do not invest in the platform (base case), or (c) do not invest in the platform but increase
the number of teams dedicated to the (un)loading activities to reduce the average waiting
time. The initial investment for the NPC ranges between EUR 30,000 and EUR 40,000
based on the interviews. In the alternative (b), negative cash flows derived from the fines
warehouse owners must pay to all carriers when the waiting time exceeds two hours
according to some national laws. Such delay is indeed prevented with certainty only when
the platform is in place (alternative a). Finally, in option (c), the additional labor cost linked
to a team must be included. Figure 1 summarizes the research framework applied in the
study with the main objectives, outputs, and methods.
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4. Results
4.1. The Impact of the Platform Adoption on Inter-Organizational Processes

According to the interviewed companies (presented in Table 1), the cargo loading and
unloading activities are critical in wasted time and cost inefficiencies. The main problems
linked to the execution of these activities are summarized as follows.

When a truck arrives in the warehouse, the driver needs to perform check-in and
identification and fill in documentation regarding the absence of hazardous products in
the load. Once a bay is available for the following vehicle, the driver can get close to the
proper bay. However, in the absence of a collaborative tool for booking the time slot, the
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driver shows up at any moment of the established day, and (s)he has to typically wait a
long time (up to hours) for their turn.

The waiting time depends on the level of the incoming and outgoing flows, the number
of staff members employed in the warehouse operations, and the queue’s length. During a
working day, some peak hours cause a significant waiting time upon the system because of
the high flows of vehicles in those intervals. This situation implies a cost inefficiency for
the drivers being paid to stand in line and the warehouse owners that, in some countries,
are obliged to pay compensation to the carrier if the waiting time exceeds two hours.
Furthermore, demand peaks cannot be managed since there is no communication between
transporters and warehouses; vehicles line up waiting to get organized, and the queues
grow longer.

Generally, there is no visibility about the localization of the carrier outside or inside
the site. Therefore, important information is missing: no visibility is guaranteed regarding
when the carrier gets inside the warehouse; furthermore, it is impossible to know if the
vehicle has reached the assigned bay or the delivery has been completed. Overall, there is
no communication between the concierge and the docking area.

Conversely, by adopting a CBBP, the waiting time decreases since the flows of arrivals
are better balanced during the working day, avoiding peaks and inoperative phases. More-
over, this kind of collaborative tool supports the centralization of information regarding
carriers’ movements. It allows continuous communication between the concierge and
the docking area of the warehouse. Warehouse operators have complete visibility of ve-
hicles real-time status and estimated time of arrival (ETA), continuously updated based
on real-time data about traffic or other external conditions. In this way, the communi-
cation problems typically associated with traditional means such as telephone calls and
emails between client and supplier (e.g., waste of time, errors, and fragmented or delayed
information) are avoided. If a CBBP is in place, the warehousing process develops: the
concierge records the truck arrival in the warehouse while the docking area assigns the
loading bay to the trucks. Then, the concierge informs the carrier that a loading bay has
been appropriately selected and issues some documents to the driver to get inside the
warehouse and start the process. In the end, proof of delivery is submitted to the carrier,
which consequently leaves the docking area; finally, the concierge records the exit, so the
loading bay gets ready for the next truck.

Booking a time slot to perform such tasks within the warehouse allows turning a ran-
dom process into an organized process based on appointment. As shown in Appendix A,
Figure A1, the process starts with the publication of daily orders by the retailer; then, the
system computes and proposes a possible allocation of the time slots during a specific day.
Subsequently, each driver books their own delivery/collection slot and downloads the
receipt, which is shown to the concierge on arrival.

The CBBP is mainly spread among FMCG companies since they have a high daily
flow, and the service time varies significantly based on the product type. Therefore, the
waiting time can be reduced through these tools, guaranteeing more orders for the carriers
and optimizing human resources and working hours. In addition, if all the daily orders
are managed through slot booking, a transport company could reduce the total number
of carriers that operate the overall shipments in the long term. Despite such benefits,
the implementation of CBBPs necessitates some technical requirements and operative
procedures. Every business has its own set of policies that can lengthen the initial set-
up of a new CBBP, especially if customization features are included actively. The main
elements of the CBBP consist of the booking form, the notifications, the reporting and
the analytics preferences. The system is integrated into the company’s IT system. The
booking system has two distinct areas, i.e., the back end and the front end. The back end is
commonly displayed as a dashboard management tool that allows warehouse owners to set
up, manage, and review the status of reservations and bookings in a unique environment.
Implementing such a system also comes with some initial costs that are discussed in the
following section.
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4.2. The Economic Evaluation of the Alternatives

Computing the calculations in the scenarios presented here, we find mixed answers to
our investment decision problem.

In scenario 1, alternative (b) (base case without platform) is the least convenient in
terms of average waiting time (153 min) and of NPC (EUR 1,356,397). Alternative (a) and
alternative (c) results are suitable in terms of average time because it does not exceed
the threshold of two hours, after which penalties occur (respectively of 27 and 17 min).
However, the most convenient alternative according to the NPC criterion (i.e., the one
resulting in the lowest cost) is alternative (a) (NPC = EUR 40,000) rather than the alternative
(c) (NPC = EUR 195,183).

Similarly, in scenario 2, alternative (b) (base case without platform) is the least conve-
nient in terms of average waiting time (173 min) and of NPC (EUR 1,423,483). On the other
hand, both alternative (a) and alternative (c) are convenient in terms of time, respectively, of
30 and 27 min. However, the most suitable according to the NPC criterion is the alternative
(a) (NPC = EUR 30,000) rather than the alternative (c) (NPC = EUR 204,836).

Therefore, in both cases (scenario 1 and scenario 2), the best alternative is (a), which
means investing in a CBBP. This alternative allows a reduction of at least 82% in waiting
time and about 97% in NPC for the base case.

In case 3, the average waiting time in the base case (alternative (b)) does not exceed
two hours, and the company generally does not pay any penalties (NPC(b) = EUR 0).
Hence, the most cost-efficient solution would be not to invest in the platform. However,
suppose the firm is motivated to improve its service level and reduce the average waiting
time. In that case, it should still consider alternative (a) or alternative (c) since they ensure
a significantly lower time than the alternative (b). Looking at the NPC, alternative (a) is
more convenient (NPC = EUR 40,000) than alternative (c) (NPC = EUR 307,255).

Thus, there is not a single optimal solution. If the company wants to minimize costs,
it should choose alternative (b). In contrast, if the company is not willing to accept an
average waiting time of 81 min (alternative (b)), then the best solution (in terms of costs) is
alternative (a) that guarantees a reduction in NPC of about 72% compared to the alternative
(c) and of 84% compared to the alternative (b). Finally, regarding case 4 and case 5 related to
smaller companies, the average waiting time without using a booking platform (alternative
(b)) is far less than two hours: respectively, 7 and 41 min. This result means that the
investment is not economically justified or necessary for smaller firms, confirming that
this solution is more suitable and viable for larger companies. Table 2 summarizes the
main input data included in the model and the outcome of the economic analysis under
each scenario. Appendix B (Figures A2 and A3) instead provides details on the simulation
codes used to estimate the time savings brought by CBBPs. The inputs for the simulation
are: (1) the number of trucks arriving in the warehouse in a given hour (the number is
fixed in case of platform adoption due to the available booking option; the number is
the average of a Poisson distribution when the booking platform is not in place); (2) the
required service time to unload or load a truck; and (3) the number of teams (human
resources) employed in the warehouse and dedicated to (un)loading activities. All data
included as inputs are collected from the interviewed companies listed in Table 1. The
output returned by the programing algorithm donates the waiting time of each truck in
case the platform is adopted or not adopted. Comparing two periods makes it possible to
calculate the reduction in waiting times brought by the CBBP, as reported in column 8 of
Table 2. Quantifying precise timings is helpful for the evaluation of the convenience of the
CBBP solution.
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Table 2. Summary of the economic analysis results.

Scenario Driver to
Minimize

Best Alter-
native

#Arrivals Scheduled/h
(Trucks/h)

Service Time
(h/Truck) #Teams Waiting

Time (min)
Reduction in
Waiting Time

NPC
(EUR)

Reduction
in NPCs

1 Cost and time A 2 µ = 1 3 27 82.35% 40,000 97%
2 Cost and time A 1 µ = 2.5 3 30 86% 30,000 97.9%
3 Cost B λ = 2 µ = 2.5 6 81 - 0 100%
3 Time A 2 µ = 2.5 6 13 84.47% 40,000 72.2%
4 Cost and time B λ = 1 µ = 1 3 7 - 0 100%
5 Cost and time B λ = 1 µ = 1 2 41 - 0 100%

5. Discussion

This study provides an investigation of the economic and quantifiable benefits of
CBBP in warehouse operations. The motives for this research derive from the observation
that the “intangible” benefits of CBBP (e.g., higher transparency, horizontal non-contractual
governance) are well-acknowledged in the literature [1,4,11]. Nonetheless, very little em-
pirical evidence has been presented to justify the convenience of these platforms and other
digital solutions, also from an economic and ultimately fundamental perspective. Financial
sustainability is considered an essential aspect for collaborative solutions implementation
along the supply chain. It is regarded as a necessary step in sustainability assessment and,
to date, still represents a priority decision criterion for environmental sustainability.

This study complements the theoretical justifications that have been widely adopted
to explain the platform dynamics, namely the TCE, the relational theory and the network
theory. We integrate the discussion by adopting a middle-range and practical approach [59],
leveraging the decision-analysis principles, centered around a decision maker who ponders
a set of alternatives and opts for the best one according to rational and economic criteria.
Our results also consider the effect of different variables and situational factors, including
the size of the company and the type of unit load. Coherently with the multitude of possible
scenarios and the complexity of the mechanisms involved, we opt for a multi-method
research approach.

Following Slater and Gleason [60], the main contribution of this study is to provide
the opportunity to verify a critical latent assumption that seems to characterize most of
the literature in the digital technology and collaboration field. This assumption is that
digital solutions are most beneficial to all companies in a collaborative environment. Such
an assumption does not hold for some companies if tangible economic parameters are
key drivers for the evaluation. To provide quantitative results, we need to conduct our
research in a specific context: the use of CBBP for warehouse operations. Despite focusing
on a particular type of solution, the variety of elements involved in the analysis provides
enough material to advance the discussion on some fundamental aspects. The main ones
are summarized below.

The role of company size: concerning adopting a CBBP for (un)loading activities, our
study reveals that such solutions are typically not convenient for smaller companies. Due
to a limited amount of transacted flows, the need for a booking service is unjustified since
the average waiting times in the warehouse are already restrained. This result partially
disproves some previous contributions stating that SMEs should invest in collaborative
tools because the benefits of digital-enabled collaboration are documented in many pa-
pers [26,61]. However, when deepening the analysis for companies of different sizes, effects
were not always as significant as initially assumed. Many studies [29,33,54,61] encourage
investment in digital tools by SMEs because they focus on qualitative aspects only, which
are certainly important but insufficient.

The type of economic benefits: CBBPs mainly determine savings in times and costs,
which must be compared with the investment needed for adopting a platform. When
companies are big and operate large flows of palletized products or medium flows of
unpalletized ones, opting for CBBP is convenient. In contrast, ambiguous results charac-
terize companies that manage high levels of unpalletized flows and dedicate more teams
to logistics operations. In such situations, the optimal solution changes depending on the
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primary decision driver (cost vs. time optimization). The variety of results testifies to the
complexity of this decisional setting.

The implications for different scenarios: this paper provides analyses and calculations
for a specific application domain for collaborative platforms. Nonetheless, the same family
of solutions can have various application areas that can extend their appeal beyond the
scenarios presented here. For instance, collaborative platforms in the form of appointment
systems can promote truck sharing in transport activities, reducing the problems of truck
congestion or, conversely, empty-load trips, as suggested by Islam [62].

The study opens with a critical question on the economic viability of the collaborative
platforms for companies. By relying on simulation and NPC estimation methods, we find
that the answer to that question is not univocal but linked to the multiple specificities
of the analyzed context. Despite allowing for more direct and horizontal governance of
inter-organizational relations and simplified processes, digital platforms, such as the CBBP,
are not always viable from an economic viewpoint. Due to the simplification process and
the relatively feasible amount of investment needed, many companies could be tempted
to implement this solution. However, our research identifies some scenarios in which
adopting the platform is not the best alternative from an economic perspective.

From a theory perspective, this work enriches current literature in three main ways.
First, it quantifies the benefits of CBBPs for different types of companies. Conversely,
many papers only estimate such benefits on a qualitative level. Secondly, it applies a
decision analysis perspective that has been far less adopted than general level theories
in this field. Third, our study contributes by providing an insight into how investing in
digital technology is financially sustainable.

From a practical viewpoint, we are confident that this paper presents insights that can
help companies receive decision support in this field. Relying on the results of this research,
we conclude that investing in CBBP is not for everyone. More precisely, small companies
may struggle to find it convenient if other partners are not involved in the investment
decision.

Our results can be used, for instance, to understand better the features of the platforms
and the main impacting variables. Finally, our study information and assumptions are
empirically collected at the early stages of this research by interacting with practitioners.
This cooperation ensures that theory addresses relevant issues for business, as suggested
by Liu and Mckinnon [63].

Although this study is an initial attempt to quantify the impact of digital technologies
on warehouse operations collaboration, it has some limitations. First, the study applied
the quantification model to a specific case. However, the credibility of our results would
be enhanced with additional empirical evidence. Second, we consider the perspective of
warehouse owner only. We calculated the convenience of this solution in a scenario where
the warehouse owner bears all the investment costs. We have not included other actors’
perspectives (e.g., the shippers). Extending the analysis and considering the shipper’s
viewpoint in the decision problem would be beneficial because we could investigate the
circumstances under which investment options are not convenient for a single actor. Still,
bearing the costs is possible if the investment is split among the concerned parties. Such
an approach would allow smaller companies to utilize digital platforms and identify
convenience areas. Shippers could also use the available digital platform by paying a
reasonable fee to the warehouse owner. Finding the right price that would make the
operation economically sustainable for all the actors involved would be interesting for
future research in this field. Third, we analyzed the economic dimension in this study, the
primary decision criterion followed by managers. However, the concept of sustainability
should be enlarged in future studies and include environmental (e.g., reduced emissions
thanks to lower waiting times and balanced use of resources) and social implications (e.g.,
better working conditions and related impact on stressful circumstances or productivity).
One possible research idea is to consider first the environmental impact of using CBBP,
therefore providing an assessment beyond a purely financial sustainability logic, especially
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under the circumstances in which the solution is financially profitable. Fourth, future
research could enrich the evidence presented by investigating the effect of additional
context variables on the viability of the investment or exploring the features and benefits of
different types of platforms.

Last, future studies should try to measure the impact of COVID-19 on cloud invest-
ment decisions. Since most of the data collected in this research happened before COVID-19,
this study fails to show its effects. This aspect could become an attractive investigating
area for researchers.

6. Conclusions

The paper presents a quantitative economic evaluation of CBBPs’ adoption in various
scenarios. The presented analysis enriches literature because most of the existing contri-
butions generally describe only possible qualitative benefits of CBBPs’ implementation.
However, the quantification model presented here is a first attempt to provide a throughout
economic evaluation of CBBPs. Future research should improve the model and collect
more empirical data to improve the queue simulation and NPC calculations. More data
allow estimating the distribution of unscheduled arrivals more precisely and enriching the
economic analysis by quantifying additional cost items.
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