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Abstract: Background: The present work is related to a project developed in a company dealing with
the security and communication systems, fire alarms, and electronic displays sector, located in the
district of Aveiro. This work aims to improve the logistics flow of material reception in the warehouse
of a company by using case study research methodology. Methods: Initially, there were too many
queues at reception and high throughput times. The approach used to solve these problems was
balancing the workstations, with the help of industrial simulation software (Arena®) and changing
the existing layout, making the queues residual in order to reduce the throughput times. Results:
Considerable savings were achieved with this approach in terms of operational costs. A reduction of
the throughput time by 28% is reached and a reduced number of workstations is achieved, as well as
a greater capacity to receive more material without the need for further investment. Conclusions: The
changes in the layout allowed improvements at the ergonomic level and greater organization (5 S’s)
at the workstations, thus having a positive impact on the employees’ working conditions.

Keywords: logistics; warehouse receiving; process mapping; balancing; industrial simulation; Arena®

software; warehouse layout

1. Introduction

As we move further into an economy driven by service systems, a company’s logistics
and transportation come to the fore as they are among the key drivers of the supply chain [1].
Warehousing is an important part of a supply chain or any production facility that allows the
company to manage fluctuations in market demand [2] and to match product demand with
supply [3]. Along with storage, warehouses can be used for a number of other activities [4]
such as recovering products, materials, and product carriers from customers in order to
redistribute them to other customers, recyclers, and original-equipment manufacturers [5].
However, the main function is that goods arrive at a warehouse in a carrier and are unloaded
at the receiving docs. They are put away into storage and later picked and shipped through
shipping docks [6]. For each of these stages to be well-performed previous organizational
decisions have to be taken. Any underperformance in warehouse processes can lead to
high costs, low reaction time, and service level and result in losses of all supply chains.
Moreover, it includes many other regular activities such as receiving, batching, storing,
picking, packaging, and shipping goods [7,8]. The complexity of individual warehouses
depends on product specifications and variety, customer requirements, and service level [9].

The receiving process at a warehouse is the first action that meets an arriving item [10]
and it typically entails several steps, from inbound trucker delivery appointment to mer-
chandise storage in an assigned location [11], positioning the item to supply the production
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or an internal or external customer. It also includes unloading products from the truck,
updating the inventory record, and inspecting the incoming material(s) to determine if
there is any quantity or quality inconsistency.

According to the study in [8], the receiving process is among the least investigated
topics in the warehousing literature, thereby making it an interesting topic of research.
Furthermore, according to [12] warehousing is the largest operational cost in an organiza-
tion’s supply chain representing 2 to 5 percent of the company’s selling costs. Thus, the
emphasis on optimizing the material handling process and more specifically the receiving
process can help the company’s profits. Some papers that are found in literature aiming
to improve the receiving process include [1], in which the authors test different check-in
policies using discrete-event simulation models through a case study. Two studies [13,14]
study the truck-to-dock assignment problem, while in [15] the authors study the problem of
scheduling trucks with multiple inbound doors. Regarding papers dealing with put away
and storage processes, for example, [2], the authors study the storage allocation problem
through mathematical modeling. Also, Ref. [16] reports a study seeking to increase storage
capacity and productivity in the case of a company through redesign of the warehouse
layout, changes to the warehousing and material handling processes, and improvements
in the warehouse management system software. As in Ref. [16], this study reports a case
study developed in the logistics department of a company in the area of security and
communication systems, fire alarms, and electronic displays. In another study [17], the
response surface methodology was used with the purpose of determining the levels of
factors that affect inventory management. A solution to an order planning problem in the
construction supply chain is presented in [18] using simulation modeling and response
surface methodology. However, these studies did not take into account challenges such as
the unstable markets, the lead time uncertainty, and the stochastic demand. In Table 1 a
summary of some different works found in the literature is presented.

Table 1. Studies in the literature about the warehouse reception process.

Type of Problem Works

Check-in [1,19]
Truck-to-Dock assignment [13,14]

Trucks scheduling [15,20–22]
Put away and storage [2,16,23–25]

For the sustainable growth of the company, it becomes essential to improve the raw
material reception process, make the flow more agile, and reduce throughput times, thereby
helping to reduce associated costs. The supply chain stakeholders coordinate and integrate
their business processes with the purpose of achieving the lowest possible cost while
providing superior customer value [26]. For instance, in Ref. [27], a stochastic production
inventory model with numerous factors such as production preparation time, demand,
partial backorders, and lost sales through a model is formulated in a fuzzy-stochastic
environment. Reducing associated costs is essential since to this end, in [28], a sustainable
supply chain network allowing for the production of biofuels and bioenergy under a flexible
manufacturing system is proposed. Finally, in another study [26], a partial back-ordering
and multi-delay-in-payments inventory model was introduced with the intent of handling
the reparation of defective items. In the study, the global supplier’s manufacturing system
is inefficient and produces defective goods for this purpose.

The scientific problem to be addressed in this study consists in finding out what kind
of methodology and tools should be implemented in the warehouse receiving process to
identify the main waste and improve the process flows performance. Thus, the main contri-
bution of this paper is the detailed description of a successful design and implementation
project in a warehouse receiving process, through the application of lean manufacturing
practices and tools in conjunction with simulation. The aim is to contribute to future
practical applications in real contexts of similar studies. Despite the vast body of literature
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on warehouse management, very few detailed descriptions of the practical application of
lean manufacturing practices and tools to improve such types of processes can be found
in the literature. The goal of this study was to improve the flow of material during the
reception process by designing a new layout with a pallet transportation system and better
balancing the workstations to improve the productivity of this area in order to boost the
growth of the company while respecting its needs. Considering the general objective, the
following specific objectives were defined: (1) improve the area’s productivity; (2) decrease
the throughput times of the process; (3) improve the ergonomic conditions of workers.

Regarding the structure of this paper, Section 2 presents the literature review support-
ing the focus of the study; in Section 3, the research design and methods are described; in
Section 4, a case study is developed; improvements are proposed, and results are presented
in Section 5; in Section 6, the main results are described; and in Section 7, final remarks
are made.

2. Literature Review

The warehouse is the interface area for production lines, markets, customers, suppliers,
and the business environment in general. Warehouses are likely to be involved in the
handling of raw materials, work-in-progress, sourcing, production, and distribution of
goods all the way through to finished products [29]. Warehousing generally involves the
performance of administrative and physical functions associated with the storage of goods
and materials.

An inefficiently planned warehousing system can lead to the overloading of inventory
and deadlock of manufacturing orders during the transfer of products from the manufac-
turer to the customer. Therefore, maintaining an efficient flow of the inventory from the
warehouse is a crucial task and efficient management of the warehouse system chain [30].

Understanding a process is very important. A process is a combination of a set of
activities within a company with a structure that aims to describe the logic, order, and
dependencies necessary for the achievement of its objectives [31]. As there may be several
processes taking place within a company, it is essential that they are optimized, making
it essential to consider several principles, practices, and tools that assist in this goal. To
improve the efficiency of processes, companies should use Process Mapping. This is a
technique of Business Process Management (BPM) that analyzes how a business process
works [32], providing a visual display of the steps characterizing a production process,
identifying the human resources and machines, and the relationships that contribute to
reaching a business goal [33].

According to the study in [33], BPM is considered an important tool for industrial
practitioners and is incorporated into daily use software under different forms such as
flow charts, workflow diagrams, and value stream maps. However, before using this
approach, a Gemba Walk should be performed to identify any problem in the processes.
A Gemba Walk is an inspection—on foot—that is undertaken through the factory and all
the stations associated with production, checking in detail the work done by the operators
and all the surroundings of the processes that take place in the manufacturing element of
a company [34]. This practice assumes great importance in the correct definition of the
alignment of all processes within an organization in which a precise understanding of
metrics is essential for decision-making [35].

One of the tools most used by companies to analyze the efficiency of processes is
Value Stream Mapping (VSM), which was adapted by the authors of [36] from Toyota’s
internal “Material & Information Flow” diagrams. Apart from mapping the physical flow
of materials, the VSM also emphasizes information flow that is often overlooked by other
methods. In Ref. [36], the authors advocate that information flow and material flow are
equally important and form the two sides of a single coin, and that both need to be mapped
clearly to fully understand and realize the potential improvements in the value stream.
According to the authors of [37], VSM is a method used to explore the waste, inefficiencies,
and additional steps not yet considered in a defined process. Thus, it is one of the main
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optimization tools used to identify opportunities in a process [38]. VSM involves all stages
of a process, whether pertaining to the added value or not and is a way of developing
maps of the current and future states of a process to clearly verify what is happening on
the shop floor.

After the analysis and characterization of the current flow, it is necessary to design
what the optimized flow should be like. To this end, VSM is a tool that allows the idealiza-
tion of a future improved state of the flows, using a graphical representation. Its objective
is to contribute to the elimination of waste in processes, focusing on their optimization.

Many companies have started to create lean flow in their operations, but it is often seen
that such companies struggle to sustain the steady output in their lean journey. The problem
is due to the lack of a lean material handling system to support the value-adding process.
Many firms that have “leaned” their value-adding processes are still mass producers from
the material supply system perspective [39], which results in more search time for operators
doing a value-adding process, excess total inventory in the value stream, redundant forklift
movements to transport the pallet load of material downstream in the flow (thus leading to
safety hazards), and higher cost of expediting the missing parts/elements.

With the increasing popularity of Lean Thinking, there has been an increasing aware-
ness of value creation, improving quality, and becoming more efficient in companies. The
concept of continuous improvement, also known as Kaizen, is said to be the key to Japan’s
competitive success [40]. The prerequisite for the Lean improvement activities is the process
and flow perspective. Therefore, processes, and the company’s ability to continuously
improve them, determine the success and failure of the whole company.

There are various techniques that can be used to create a process model. Flowcharts
and the annotations within the international standards IDEF0, IDEF3, etc. are just a few
examples, each of which has its own pros and cons. However, one method commonly used
by Lean is VSM (described above). Whichever technique and approach are used when
modeling, it is important that the people who live the process are active and participate in
the process modeling activity [41].

In the Japanese business culture, the word “Gemba”—see Gemba Walk, above—is
used and is as important as “Kaizen” to understand the process [40]. Gemba means
something like “the place where things happen”, and it is here where the information
for the process modeling can be found [42]. One of the main reasons for companies to
work with processes is to work with continuous improvements, which is also advocated
both by the ISO 9001 and the lean theories [43,44]. Graphical process maps are useful
for understanding the process(es) they represent and are necessary to identify areas of
improvement [44]. According to [41] one key issue at companies is the lack of qualified
process modelers. The challenge of achieving process orientation can also stem from the
strong resource orientation that still exists [45].

An important issue associated with process management is reducing waste, including
the constant movement of employees performing activities that add no value. The authors
of [46] mention that the material handling process and inefficient body movements or
postures do not add value to a product. Moreover, Refs. [47,48] mention that uncomfortable
body postures, as well as repetitive movements, represent a risk factor for employees
since they can cause musculoskeletal disorders and negatively affect employees’ health
and performance, altering their well-being. In the same way, in Ref. [49] it is shown
that repetitive movements may cause fatigue and loss of concentration while performing
a task, which increases the probability of making mistakes, negatively affecting their
performance. These problems may be generated by poor workstation design, which
generates uncomfortable postures, causes musculoskeletal disorders, and consequently,
affects work performance and well-being [50], as well as adding to production costs [46]. In
Ref. [51] the most basic movements are named therbligs, which were introduced by Frank
B. Gilbreth, who developed certain subdivisions or events that he considered common to all
kinds of manual work. According to [52], therbligs can be effective or ineffective: effective
therbligs directly advance work progress and can often be shortened, but generally cannot
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be removed entirely; ineffective therbligs do not advance the progress of the job and should
be removed if possible.

The layout of the installations also has an important influence on the efficiency of the
process and should therefore be considered in the process mapping. For example, Ref. [53]
proposes zone picking as an efficient way of dealing with warehousing procedures, whereby
a worker picks only those Stock-Keeping Units (SKUs) stored within their picking zone.
According to these authors, the size or storage capacity of the zone, the number of items on
the pick list, and the storage policy have a significant effect on picking zone configuration.

The “time study” is also a fundamental tool to complement a good process mapping.
Its purpose is to quantify the time of each process and thus have a realistic view of any
flow to be analyzed. This tool is divided into the study of times, which corresponds to
the analysis and recording of processing times, and the study of methods linked to the
employees’ part, establishing standard times and methodologies, and is also related to the
ergonomics of workstations. It consists of observation, data obtained from the industrial
shop floor and information recording, critical analysis, and the proposal of new methods
or opportunities for improvement. Its use also allows companies to reduce variability in
processes and eliminate waste [54].

The assessment of a process is affected by the participation of value-added actions in it.
Compression of time comprising supply, production, and distribution processes becomes
more and more often a necessity for many branches, allowing them to stay in the market.
Efficient supply chain management results in cutting down the cycle time and lowering
costs [55–58].

3. Methods and Research Design

A research methodology can be understood as a systematic way to solve research problems,
or as the science that studies the way that research is carried out scientifically [59–61].

Sometimes more than one method or methodological approach must be used for
reaching the research goal(s), which is named methodology triangulation. Triangulation
is often used to describe research in which two or more methods or methodological ap-
proaches are used, known as mixed methods. In this work, triangulation is used, namely
exploratory-explanatory—exploratory approaches.

The method used in this research is the case study. In Ref. [62] the author considers a
case study as an empirical investigation that aims to ascertain a contemporary phenomenon
within its real-life context. According to the author of [62], a case study is a good method for
answering “how” and “why” questions. To conduct the present case study, the following
four stages suggested by the authors of [63] were used: (1) defining the research question;
(2) data collection; (3) data analysis; and (4) dissemination—that is, disseminating the
information through the publication of the case study.

Regarding the Research Question, this company has many and diverse suppliers, some
of which are Portuguese, who deliver goods daily. This is the most comfortable condition
given the previously defined parameterization, which makes them easier to receive at the
warehouse. As for suppliers from outside the EU—in which the goods originate mainly
from China—it is difficult to receive the material(s) due to the lack of parameterization
of deliveries.

This business model, in which the number of suppliers is high, but the quantities
delivered by each is small, makes the parameterization of processes difficult, due to the
unpredictability of the type of material to be received. Thus, this challenge was focused on
improving the flow of the processes for receiving material, through the following practices:
(1) reducing waste, such as the constant movement of employees; (2) balancing processes
and respective workstations; and (3) improving the ergonomics of the processes inherent to
the operation. The research question of this work is, therefore: how to improve the logistics
flow of material reception in the warehouse of the case study company?

According to Ref. [64], this methodology is also suitable for organizational problems
and the creation of improvement practices for the problems detected. In our work, an
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exploratory/qualitative approach is used to analyze and characterize the initial state of
the products’ reception process in the company and then define and design the future
state through the implementation and monitoring of various tools and methods and the
stabilization of the KPIs.

This study emerged as an attempt to deal with a real problem: the lack of efficiency of
the logistics flows in the receiving process of a warehouse. For a better way of working, a
clean process of investigation should be followed. It was essential to first understand the
context of the company under study and then to identify opportunities for improvements.
These findings should be clearly listed so that other companies that face similar problems
might be able to implement a similar strategy. Therefore, the other approach used in
this research was an experimental/quantitative one using process mapping, and arena
simulation, among others. To simulate the initial state for mapping the research process
and studying the times spent on tasks we used the Arena® software. It should be noted
that the research action methodology is also suitable for organizational problems and the
creation of improvement practices for the problems detected, and in this research, we have
used it. The action research method allows a systematic approach that makes it possible
to find effective solutions to everyday problems, addressing the complex dynamics in a
concrete environment [65], in this case, the daily logistics flows in the receiving process
of the warehouse of a company. For this methodology to work, co-operation among
the company’s employees and researchers must exist [66], which was indeed of extreme
importance as several aspects of the problem studied required the knowledge of the workers
in the field. This kind of methodology favors a principle of “learning by doing” [67]. Despite
these explanations, our choice was the case study because we have tried to solve a problem
from a specific company, even if this solution can be applied in another one. In this sense, an
exploratory approach was used to assess company performance. In Figure 1, the research
methods and tools that supported this research are summarized.
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4. Case Study Description and Data Collection and Analysis

This research was tackled in a company warehouse logistics department. Here, all the
material necessary for production is received and it is also here that the same, after being
manufactured, is sent to the customer. The warehouse is divided into five areas: reception
of material; storage and repacking to supply the production; quality control; transportation;
and dispatch. The case study was developed in the material reception area. The activities
of this area begin with the unloading of all the material received at the plant and end with
its preparation and availability for storage. The data used in this paper are from industry, it
was obtained from the industrial shop floor.
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4.1. Gemba Walks

The Gemba Walks were used to collect data obtained from the industrial shop floor,
also known as Gemba, on how all the work associated with the process under study is
carried out [68]. This method is characterized by going to the place where the work is in
fact executed, in this case, the warehouse. By observing the various procedures associated
with the process, we determined that all the material was divided upon reception into
unloaded material, workstations, and urgent material. A brief explanation of each type of
material is provided next.

Unloaded Material—When the operators were asked about what factors made them
divide the material upon unloading, the answer was that they did so according to the
supplier. This forced the operators to be aware of all the company’s suppliers, which
generated constant doubts, in addition to not being a standardized process. The process
was analyzed in detail. To facilitate this analysis, an important step was taken at the
beginning of the work which was to assign the terms Single Code (SC) (Figure 2a) and
Multi-Code (MC) (Figure 2b) as follows:

• Single Code: is the term given when a pallet is filled with a single given code, because
the quantity of that material is sufficient to fill the pallet (Figure 2a).

• Multi Code: when the quantity of material having a certain code is not enough to fill a
pallet, different codes are assigned (different materials/products), which may or may
not be from different suppliers (Figure 2b).
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Workstations—In the Gemba Walks we also identified several points of possible slow-
down and inefficiency issues through conversations with operators. One of the issues
identified was the high level of clutter at the workstations due to the need for the operators
to move to their own station to collect pallets for their work. This was a waste of time, as the
operators had to clean up their work area before starting the procedures to which they were
assigned. These movements were also associated with possible loss of concentration on the
part of the operators. Furthermore, the movement of empty pallets within the workstation
was carried out using a pallet truck, which could reduce the ergonomics of the workstation,
given that the work ends up being somewhat physical and repetitive.

Urgent Material—When production needs material that has already been unloaded
but has not yet been processed in the receiving facility (and is queued), this material is
called urgent material. During the Gemba Walks, we observed that the pallets were being
unloaded and the material was queued while waiting to be received. The wish of the
plant operators was that this material spent no more than two days waiting in this stage,
between the unloading and the end of its reception processing. However, what happened
was that the material languished in these queues between 5 and 20 days. As the queue
grew, so too did the amount of urgent material needed on the production line. This created
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a bottleneck problem. Consider as an example that cable X (fictitious name) is required at
production and this cable is queued. Besides demanding time in searching for the cable
(because while the material has not completed the reception stage there is no information
about its location), there will be a greater amount of queued material that, sooner or later,
will also be urgent for production.

Two operators are needed whose sole function is to consult the list of urgent material,
go in search of it, and receive it ahead of the rest of the material in the queue. During the
Gemba Walks, we noted that the main cause for the existence of these queues was a poor
balancing of workstations.

4.2. Times and Methods Study

Along with the process mapping, several times studies were performed to characterize
the initial state of the process using the Arena® software. These identified bottlenecks and
provided data for making a comparison with the future state. After mapping the process
and defining all of the tasks, a study of times and working methods was carried out to
quantify the impact of each task in the process (Table 1). We measured and monitored the
operators in their daily routine, timing all tasks performed by them, thereby collecting
information that was later used to identify waste and possible improvements. The unit of
measure chosen was the pallet—the time that, on average, a pallet took for each task was
measured. With this information, we grouped the tasks by process type and calculated the
average Process Time for each process.

Single Code pallets took 1.7 min to be unloaded, 0.7 min to be recorded, and 0.8 min
to be checked, making a total of 3.2 min, which is the Process Time (the time that the pallet
takes to be processed from the moment it is unloaded until it is ready to be stored). For
Multi Code pallets, the unloading time was 7.0 min, and then 3.8 min more to be moved to
their respective area/lane. These values were equal to the pallets going to the Bulk area or
to the ones going to the FIFO area. From here on, the pallets go to different destinations
and therefore have different times in the remaining tasks.

A pallet that is considered bulky is repalletized after arriving at its designated area,
taking an additional 13.4 min, and then recorded and checked, demanding 2.7 min and
3.5 min more, respectively. Adding up the average time of all these tasks, the Throughput
Time of a Multi Code pallet that goes to the bulky area is 30.4 min.

If the Multi Code pallet goes to the FIFO area, it is only recorded and checked. These
tasks take 26.0 and 250.0 min, respectively. Thus, the Throughput Time of a Multi Code
pallet in the FIFO area is 286.8 min (Table 2).

Table 2. Times Study.

Processes Initial
(min/pal)

Final
(min/pal) Gain (%) Process

Time Initial
Process

Time Final Gain (%)

Single Code
Unloaded SC 1.7 1.7 0.00%

3.2 3.2 0%Recorded SC 0.7 0.7 0.00%
Checked SC 0.8 0.8 0.00%

Multi Code

Bulky
Checked Vol 3.5 3.2 10.00%

30.4 19.5 36%
Recorded Vol 2.7 2.7 0.00%
Repalletized 13.4 6.7 50.00%

FIFO &
Bulky

Unloaded MC 7.0 6.0 15.00%
Transport/Lanes 3.8 1.0 75.00%

FIFO
Recorded FIFO 26.0 23.4 10.00%

286.8 242.8 15%Checked FIFO 250.0 212.5 15.00%

Once the logistics process was well-described and quantified, it was necessary to
understand the impact of each task on the company’s day-to-day operations. This mapping
alone does not allow any conclusions to be drawn since if, for example, a task that takes
1 min is repeated 300 times in a work shift, it has more impact than a task that takes 30 min
but is performed only 5 times during the same period. In this way, all materials unloaded
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during the month of November 2020 were registered. With these records, the necessary
inputs were extracted in order to understand the distribution and frequency of these two
types of pallets (Single Code and Multi Code). In addition to recording the quantities per
type of pallet, the times at which they were unloaded were also recorded, to observe if
there was any pattern (Tables 2 and 3).

Table 3. Daily distribution of Single Code pallets received by type and time during November 2020.

Day
8 a.m. 10 a.m. 1 p.m. 4 p.m.

MilkRun Express Parcel MilkRun Express Parcel MilkRun Express Parcel MilkRun Express Parcel

1

2 26 0 0 14 34 18 89 0
3 39 0 0 4 4 14 63 0
4 22 0 0 12 32 18 77 0
5 23 0 0 8 50 8 30 0
6 0 0 0 14 0 3 179 0

7 * * * * * * * *
8 * * * * * * * *

9 22 0 0 10 23 8 42 0
10 25 0 0 19 14 8 53 0
11 32 0 0 14 13 8 128 0
12 27 0 0 8 20 10 34 0
13 36 0 0 14 0 11 121 0

14 * * * * * * * *
15 * * * * * * * *

16 33 0 0 14 25 16 59 0
17 20 0 0 9 22 16 95 0
18 38 0 0 8 19 7 91 0
19 23 0 0 8 22 9 35 0
20 21 0 0 6 0 17 98 0

21 * * * * * * * *
22 * * * * * * * *

23 27 0 0 25 40 14 32 0
24 21 3 0 4 50 15 48 2
25 43 0 0 17 61 31 98 0
26 29 0 0 8 11 19 27 0
27 30 0 0 15 38 19 79 0

28 * * * * * * * *
29 * * * * * * * *

30 46 0 0 32 0 8 104 0

28 0 0 13 23 13 75 0

Note: * Weekend.

The information in Table 3 shows that the Single Code pallets were delivered to the
warehouse reception three times per day, with an interval of approximately 4 h between these
deliveries, while the Multi Code pallets were received twice a day, at 10 a.m. and 1 p.m.

Table 4 shows the total number of each type of pallet received at the warehouse’s
reception desk during the month of November and also the daily average, which shows
that considerably more Single Code pallets were received than Multi Code pallets.

Table 4. Daily distribution of pallets, by type, received during November 2020.

November Mean

Day 2 3 4 5 6 9 10 11 12 13 16 17 18 19 20 23 24 25 26 27 30 TOTAL
Multi Code 32 18 30 16 17 18 27 22 18 25 30 25 15 17 23 39 24 48 27 34 40 545 26
Single Code 149 106 131 103 179 87 92 173 81 157 117 137 148 80 119 99 119 202 67 147 150 2.643 126
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Finally, two charts were developed (Figures 3 and 4) showing the daily trend in the
number of pallets received during November 2020, for each pallet type. Although the
slight downward trend over the month for the Single Code pallets was not significant,
which may have been caused by the fact that on day 26 only 67 pallets were received, the
number of Multi Code pallets showed constant growth over the month, which points to
the continuous growth of the company’s activity, and consequently the need to make more
purchases and, in turn, receive more pallets.
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As mentioned, during the processing of the pallets in the receiving area the Multi
Code pallets are divided into two sub-types and sent to the corresponding areas, Bulky
and FIFO. Through physical verification of the reception process, and all the following
methods associated with its detailed analysis, we determined that 75% of the Multi Code
pallets should be treated in the FIFO area and the remaining 25% in the Bulk area. Once the
times spent by each receiving process had been measured, it was important to observe the
proportion of the time spent in processing each type of pallet. Based on the results obtained
through these measurements, two charts were prepared (Figures 5 and 6).

Figures 5 and 6 reveal that the time spent processing Multi Code FIFO pallets is
considerably greater, at least three times more than the time spent with each of the other
two pallet types (Single Code and Multi-Code Bulky). We thus identified the greatest point
of inefficiency at the reception stations (the place at which the improvement effort should
be first focused).

In a second phase, in the definition and design of the future state, a balancing of
processes was carried out, as well as a study for a change and improvement of the layout.
In this study the application of pallet moving systems was considered, to automate the
process, improve ergonomics and the organization of workstations (through the application
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of the 5 S’s). To this end, the AutoCAD® (Autodesk, San Rafael, CA, USA) tool was used to
ensure the feasibility of the implementation, so that the measures of the designed layout
correspond to the intended reality.
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4.3. Process Mapping

We then carried out a Process Mapping followed by a VSM development [69] in order to
represent and identify the various types of wastes. After having observed at a macro level how
the reception of material was organized, a process mapping was carried out to understand all
the tasks that are performed. Regarding this second step, a visual scheme was first elaborated
that included the detail of the process and all associated procedures (Figure 7).
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In more detail, the flow of Single Code pallets consisted of: (1) unloading—the pallets
were unloaded from the conveyor and placed in the bulk area; (2) recording—the codes were
recorded in ERP SAP, to enter them into the system and thus make it visible to the whole
plant that these codes were already available for production; (3) checking—confirmation
that the codes and respective quantities of the invoices that were recorded corresponded to
the existing material. After this confirmation, the internal labels were printed and glued to
the material. With the labels already glued, the pallets remained in the same place waiting
for the allocator, who is external to this receiving process, to come and remove them from
that location and position them in the warehouse.

Regarding Multi Code pallets, the flow consists of: (1) unloading—the pallets are
unloaded at the docking area; (2) transport to the lanes—after unloading at the dock station,
the material is separated by type (Bulky or FIFO) and moved from the dock to its respective
area; (3) bulky—the pallets that had been moved to the Bulky area are repalletized, to form
Single Code pallets, and strapped with tape so that they can be safely placed in a rack.
Then the process is followed with the previously explained recording and checking steps;
(4) FIFO—In this area, the pallets are Multi Code. Therefore, after the material is recorded
in SAP, these pallets undergo a more thorough and time-consuming checking process,
since the codes have to be separated by electric or mechanical means and labeled/checked
one by one.

4.4. Value Stream Mapping
4.4.1. Initial State Characterization

In order to verify which improvement opportunities exist in the processes, eliminating
waste and inefficiencies, Value Stream Mapping was applied to each of the pallet types
previously defined. With this method, it was possible to verify the relationship between
the processes on the shop floor.

Single Code Pallets—As can be seen in Figure 8, the process begins with the unloading of
the material from the supplier. Thereafter this load is moved to the vertical lines (pink), by an
operator. Here the pallets wait while an operator records them, entering them into the system,
and consequently checking them. Once checked, the pallets are available for allocation and
remain in this same area until someone in charge of production comes to pick them.
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Multi Code Pallets—In the case of an unload (point 1 in Figure 8) of Multi-Code
pallets, the first step (marked in point 2) is, with the unloaded Multi Code pallet, to try
to form Single Code pallets. If this is possible: (i) they are moved to the vertical lanes
(pink), an area dedicated to Single Code pallets; (ii) in this area they are repalletized, that
is, carefully formed and strapped with tape to be safe for storage; (iii) in the next step the
material contained in the pallets is recorded in the system, thus “entering the material into
the system”; (iv) finally, the pallet is labeled and properly identified, thereby ending the
reception process.

If it is not possible to form Single Code pallets the following steps are taken: (i) the
pallets are moved to the horizontal lanes (orange color); (ii) thereafter each pallet is recorded
in the system; (iii) finally, the material is labeled and properly identified, thereby ending
the reception process.

4.4.2. Arena® Simulation—Initial State

Once at this stage of the study the initial stage data (the mapping of processes and the
study of methods and times) were already collected from the industrial shop floor, it was
then possible to simulate the Initial State using the Arena® software.

Based on the measurements made, and since during the month of November 2020, the
warehouse’s reception worked three shifts per day (24 h), the following assumptions were
considered for the simulation:

• 21 working days (month of November 2020);
• Reception operating in three 8 h shifts (24 h per day);
• Results presented in hours;
• Daily input of Single Code pallets, minimum of 67 pallets per day, maximum of 202

and average of 126;
• Daily entry of Multi Code pallets, minimum of 15 pallets, maximum of 48, and average

of 26 pallets.

In the simulation model, the existing workstations were considered, that is, a work-
station corresponding to each task except for the FIFO checking task, which has two
associated workstations.

The goal of this simulation was to understand how the arrangement of workstations
influenced the reception flow, thereby identifying bottlenecks and possible points of im-
provement. It also allowed us to calculate the number of operators necessary to satisfy the
assumed conditions. From this model, the main objective was to understand what could be
done to reduce the Throughput Time of each procedure, improving the flow and in this
way also reducing the number of operators necessary to satisfy the process needs. The
capacity of each task was obtained, which resulted in the total capacity after summation.

Figure 9 illustrates the model created in the Arena® software representing the current
state of the raw material reception process.

The processes considered in Table 5 were those found through the process mapping
and study of times.

Having defined the model, it was possible to proceed with the simulation, running
the model in the Arena® software and obtain the reports generated (Tables 6 and 7, and
Figure 10) at the end of the simulation, so that they could be analyzed and conclusions
could be drawn about the initial state.
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Table 5. Processes details.

Basic
Process Name Type Action Priority Resources Delay Type Units Allocation Minimum Value Maximum Expression

1 Unloading Multicode

St
an

da
rd

Se
iz

e
D

el
ay

R
el

ea
se

M
ed

iu
m

(2
)

1 row Triangular

M
in

ut
es

V
al

ue
A

dd
ed

2.5 7 10 1
2 Transport to Lane 1 row Triangular 1.4 3.8 5.3 1
3 Repaletize 1 row Triangular 4 13.4 24 1
4 Unloading Single code 1 row Triangular 1.16 1.7 2.43 1
5 Recording Bulky 1 row Expression 5 1 1.5 Bulky Re-cording Time
6 Checking Bulky 1 row Expression 5 1 1.5 Bulky Che-cking Time
7 Recording FIFO 2 rows Triangular 6 26 70 1
8 Checking FIFO 1 row Triangular 17 250 5.3 1

Table 6. Occupancy rate per task—Waiting Time.

Waiting Time Average Half Width Minimum
Average

Maximum
Average

Minimum
Value

Maximum
Value

Checking FIFO Queue 2.7714 0.91 2.1419 3.7824 0.00 14.1461
Checking Bulky Queue 0.02128629 0 0.0202153 0.021879 0.00 0.1159
Unloading Multi Code Queue 0.7608 0.03 0.7421 0.7961 0.00 2.4729
Unloading Single Code Queue 0.9719 0.04 0.9298 1.0107 0.00 2.837
Recording FIFO Queue 0.5093 0.09 0.4038 0.6018 0.00 2.9552
Recording Bulky Queue 0.00800326 0 0.0077511 0.008458 0.00 0.1016
Repaletize Queue 0.5085 0.04 0.4839 0.5491 0.00 2.1448
Transport to Lane Queue 0.00045869 0 0.0004011 0.000515 0.00 0.043981

Table 7. Occupancy rate by task—Number Busy.

Number Busy Average Half
Width

Minimum
Average

Maximum
Average

Minimum
Value

Maximum
Value

Unloading Multi Code 0.1291 0.00 0.1258 0.1345 0.00 1.0000
Unloading Single Code 0.1569 0.01 0.1515 0.1642 0.00 1.0000
Workstation 1 Checking FIFO 0.6928 0.06 0.6383 0.7706 0.00 1.0000
Workstation 2 Checking FIFO 0.6285 0.05 0.5795 0.6715 0.00 1.0000
Workstation Checking
Single code and Bulky 0.1318 0.00 0.1298 0.1336 0.00 1.0000

Workstation Recording FIFO 0.1678 0.02 0.14 0.1851 0.00 1.0000
Workstation Recording Single
Code and Bulky 0.1167 0.00 0.1145 0.12 0.00 1.0000

Repaletize 0.208 0.01 0.2016 0.216 0.00 1.0000
Transport to lane 0.0699 0.00 0.06786 0.0735 0.00 1.0000
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Table 6 reveals that the main bottleneck is the Multi Code FIFO pallet checkpoint, as
previously predicted based on the process mapping and the methods and time study.

Note that the simulation assumptions considered that a working day includes three
shifts of 8 h, therefore an occupancy rate equal to 1, corresponding to the workstation
working 24 h. Thus, three operators would be necessary, one per shift.

The results associated with the throughput times of the three types of pallets reveal
that the highest one is the FIFO (Table 8).

Table 8. Throughput times.

Interval Average Half Width Minimum
Average

Maximum
Average

Minimum
Value

Maximum
Value

Throughput Time FIFO 9.2069 1.07 8.4897 10.4159 1.1034 24.4165
Throughput Time Single Code 1.0621 0.04 1.0205 1.1010 0.043551 2.9086
Throughput Time Volumosos 1.7789 0.05 1.7465 1.8310 0.3414 4.8496

All the analyses described above served as a starting point for the evaluation and
proposal of possible improvements based on the identified bottlenecks. In a preliminary
analysis of the initial state, based on the simulation reports, it was possible to identify the
points to be improved, which are: (i) the queueing time, essentially in the FIFO checkpoint;
(ii) the throughput times, once again, considering the FIFO as the main constraint point.

By improving these points, it was intended to reduce the number of operators needed
to perform these tasks in order to improve the company’s productivity.

5. Improvement Proposals and Results

After understanding the initial state, we determined that the Multi Code pallets
process was the main problem in the material reception flow. As such, this section presents
the techniques used to mitigate this point of constraint and consequently improve the
overall flow.

5.1. Workstations Balancing

During the processing of Multi Code pallets, it is possible to allocate extra operators
to any of the processes to make it faster, except for FIFO checking stations. For this it is
possible to allocate only one operator per workstation, that is, this number of workstations
must be very well dimensioned so that it does not become a bottleneck in this flow.
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As evaluated in the initial state simulation, the fact that there were only two FIFO
checking stations was identified as the greatest constraint point in the flow of Multi Code
pallets. For this reason, it became fundamental to develop a study for the correct balancing
of workstations in the warehouse.

5.2. Process Analyzer

The function of the Process Analyzer is to allow various possible scenarios to be
compared, depending on the changes to be tested in the initial model and to observe the
respective results. To begin this balancing process, we used this tool, which belongs to the
Arena® software, to decide the ideal number of FIFO checkpoints in order to improve the
respective flow. Four scenarios were tested:

− Initial scenario (existing in the warehouse at the beginning of the project)—2 FIFO
checkpoints;

− Scenario 2–3 FIFO checkpoints;
− Scenario 3–4 FIFO checkpoints;
− Scenario 4–5 FIFO checkpoints;
− Scenario 5–6 FIFO checkpoints.

After choosing the scenarios we defined which control variables (points to be changed
in the initial scenario) and which responses we wished to obtain for subsequent evaluation
and making our choice of the best scenario. The controls and responses were:

− Controls:

• FIFO checking station 1;
• FIFO checking station 2;

− Responses:

• Queue time for the FIFO checking station;
• Throughput Time of a FIFO pallet.

As can be seen in Table 9 and Figure 11, the simple increment of one FIFO checkpoint
from the initial scenario to scenario 2 reduced the FIFO checkpoint queue time by 78% and
the FIFO throughput time by 24%.

Table 9. Process Analyzer scenarios.

Scenario Properties Controls Responses

Name Program File Reps Workstation 1
Chacking FIFO

Workstation 2
Chacking FIFO

Throughput Time
FIFO in Minutes

Checking FIFO.
Queue. Waiting Time

1 2 Workstations 3: Model T.p. 5 1 1 9.207 2.771
2 3 Workstations 3: Model T.p. 5 2 1 6.962 0.612
3 4 Workstations 3: Model T.p. 5 2 2 6.628 0.255
4 5 Workstations 3: Model T.p. 5 3 2 6.407 0.063
5 6 Workstations 3: Model T.p. 5 3 3 6.440 0.013

From the initial scenario to scenario 3, the increment of two FIFO checkpoints reduced
the FIFO queue time by 91% and the throughput time by 28%.

From Figure 11 it is possible to see that the difference between scenarios 4 and 5 and
scenario 3 is not relevant, and therefore these were not considered, as the operational costs
for the creation of these stations did not justify the gains in terms of time and efficiency.

After these different scenarios were presented to the company, they were discussed
with the team responsible for the warehouse logistics department and scenario 3 was chosen
for implementation in the warehouse because it was the most suitable for improving the
logistics flow of the warehouse reception area.
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5.3. Value Stream Design

As presented in Section 5.2, the FIFO checkpoints were increased from two to six in
order to improve the flow. Continuing in this line of thought, the warehouse reception
layout was analyzed to eliminate the waste previously found that was causing inefficiencies
in this same flow.

The main waste to eliminate (already detected in the Gemba Walks method) was the
unnecessary and constant movements of the operators. The change in the layout focused
on the orientation of the queues to the workstations, allowing the material to come to
the operators instead of the operators going to the material (as was the situation initially,
whereby the operators, upon starting a new pallet, had to obtain it from the queue area, far
from their workstation).

For the development of this new layout, the Value Stream Design was used (Figure 12),
which, as described in the previous section, allows one to graphically visualize the ideal
flow to eliminate the waste previously found with the application of the VSM.
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By comparing Figures 8 and 12, which correspond respectively to the initial flow
(VSM) and the improved flow (VSD), the simplification of flow is evident, eliminating
several load movements, since the layout was organized according to the sequence of
processes (which remain the same as the initial ones).

5.4. Pallet Transport System (Autocad®)

Another improvement opportunity encountered at the start of this research had to do
with ergonomics and the disorganization of workstations, caused by the constant need to
move pallets. After being unloaded, the pallets were moved by the operators with a pallet
truck, which demanded extra physical effort from them.

One of the goals of this project was to improve the working conditions of operators,
reducing the movement of pallets as much as possible. The change in the warehouse layout
allowed this reduction. This change was complemented by the application of an automatic
pallet-moving system, eliminating any need for transportation by operators.

Along with the application of the pallet-moving system, the 5 S’s tool was used to
mark the floor in order to delimit the location where the pallets are left, thus making the
workstation more organized and cleaner.

This pallet-moving system was applied between the FIFO recording station and the
FIFO checking station since this is where the improvement in ergonomics at the workstation
would have the greatest impact. Figure 12 shows these lanes in orange. This part of the
project was designed with the AutoCAD® software so that the supplier of these systems
would receive the exact specifications, as well as know the place to apply them precisely.

6. Results

The aim of this section is to present the results obtained through this study, in which
we applied the methodology described, always focusing on the defined objectives.

6.1. Results Presentation

Regarding the mapping of the material reception logistic flow, unlike what happened
at the beginning of the study, when there was no mapping, the whole team was able to
easily understand the process, as well as make any necessary changes more evident.

Considering the throughput times reduction, by balancing the workstations it was
possible to reduce the main queue (before the FIFO checking station), which resulted
in a reduction of the throughput time by 28%. Another important improvement was in
the elimination of urgent materials since the balancing made it possible to ensure that
all material concluded the reception process in 24 h or less, unlike the earlier situation,
when it took 5–20 days. Through the layout change, it was possible to eliminate several
wastes existing in the initial flow, which resulted in a reduction in the time of each task,
contributing to faster throughput, as shown in Table 10.

Moreover, another important achievement was the reduced number of workstations.
With the elimination of urgent materials, the two employees who earlier had been as-
signed to perform the urgent-material(s) tasks described above, could be assigned to other
functions and areas in need of manpower, instead of hiring two new operators. In order
to calculate the fewer number of workstations needed (obtained through the reduction
of the times for performing tasks) the November 2020 scenario was used as a basis for
comparison. The number of pallets of each type received in November 2020 was multiplied
by the respective throughput time in the initial state, and following the improvements, in
the final state (Table 11). This resulted in the saving of an additional operator, in addition
to the two operators already freed from urgent materials.
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Table 10. Time reduction in each process.

Initial
(min/pal)

Final
(min/pal) Gain (%)

Throughput
Time Initial

(min/pal)

Throughput
Time Final
(min/pal)

Gain (%)

Unloading SC 1.7 1.7 0.00%
Recording SC 0.7 0.7 0.00%Single Code
Checking SC 0.8 0.8 0.00%

3.2 3.2 0%

Checking Vol 3.5 3.2 10.00%
Recording Vol 2.7 2.7 0.00%Bulky
Repalletization 13.4 6.7 50.00% 30.4 19.5 36%PROCESSES

Multi Code Unloading MC 7.0 6.0 15.00%
FIFO & Vol Transport/Lanes 3.8 1.0 75.00%

Recording Fifo 26.0 23.4 10.00%
FIFO Checking Fifo 250.0 212.5 15% 286.8 242.8 15%

Table 11. Project savings in November 2020.

Total Operators
Necessary (Initial)

Operators
Necessary (Final)

Reduction N◦

Operators Savings (€/year)

Pallets Single Code 2.643
7.95 4.91 3.04 47.101 €Pallets Multi Code 545

Urgent (Operators) 2

With each operator, the company spends an average of 15.500 euros per year, making
an annual saving of approximately 47.101 euros.

As Table 12 shows, the objectives defined at the beginning of this study were achieved.
Table 12 lacks only a KPI to quantify the gains in terms of Ergonomics. However, as
explained above, through the layout change and the application of a pallet-moving system,
it was possible to greatly reduce the manual moving of pallets by operators, which allows
us to conclude that a very positive gain was obtained in ergonomic terms. The whole team
was very satisfied with these changes, as it improved the quality of work of all operators.

Table 12. Performance Metrics KPIs, initial values vs. final values.

Performance Metrics: KPIs

KPIs Performance Metrics Initial Final

1 N◦ of Operators in Urgent Section 2 0
2 Throughput Time SC (min/pal) 3.2 3.2
3 Throughput Time MC FIFO (min/pal) 286.8 242.8
4 Throughput Time MC Vol (min/pal) 30.4 19.5
5 Productivity (Necessary Operators) 8 5

6.2. Managerial Implications

Process mappings are very useful for organizations as they allow managers to make
decisions based on concrete evidence, in addition to facilitating understanding and commu-
nication between the various departments involved in a given process, which is a relevant
advantage. Through the use of tools and approaches that are easily implemented, this
study makes an important contribution to logistics managers by highlighting the impact
of mapping processes on improving their performance. In addition, a set of practices
is suggested in this study to reduce wastes, helping managers to improve not only the
production times but also the ergonomics of workstations, the warehouse management,
and becoming a more efficient allocation of employees. Furthermore, several performance
metrics are proposed, thus helping logistics managers to control the improvement of the
logistics flow of material reception in the warehouse.
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7. Conclusions

This paper described the analysis and implementation of a redesign in the receiving
process operations in a case study company. The aim was to define a new process or
methodology for improving the flow of material during the reception process. The main
motivations for this study were the needs of the company and the lack of studies that were
found in the literature about the receiving process in warehouse operations management.

In the first phase of this research, it was important to understand the challenge and
the industrial environment—hence the importance of the Gemba Walks to understand how
the warehouse area worked and identify the failures. This approach was complemented
by an exhaustive analysis of the scholarly literature to understand which methods and
tools to apply for problem identification and for respective solutions. The Arena® software
was also fundamental for the characterization and identification of constraint points in
the initial situation, as well as in the improvements introduced for a better balancing of
the workstations.

After identifying the failures (such as long queues and a layout inadequate to the flow
of the tasks to be performed) and their correction, it was possible to observe improvements
in terms of throughput times of the reception process and to quantify considerable annual
savings for the organization. The throughput time is reduced by 28%, workstations are
streamlined, and an increased capacity for receiving more material can be achieved without
further investments. Each operator costs the company an average of 15.500 euros per year,
resulting in an annual savings of about 47.101 euros. Thus, it can be concluded that the
proposed objectives were successfully achieved and that the techniques used were useful.

This study represents an important contribution to logistics managers by highlighting
the contribution of mapping processes for improving their performance and by using a set
of tools and approaches that can be easily implemented.

By using layout change, applying pallet-moving systems, balancing the workstations,
and eliminating the category of urgent materials in the warehouse it was possible to reduce
the manual moving of pallets by operators, which contributes to a very positive gain in
ergonomic terms. Also, a set of wastes was eliminated, contributing to the reduction of
throughput times, and employees could be allocated to other functions in the organization
where they are more needed. The warehouse can now be managed in a more efficient way.

The main limitation of the current research is related to the case study since the results
achieved are provisional and do not take into account an evaluation over time. Moreover,
the findings are limited due to the focused nature of the case study. Although the solution
is designed for a particular plant, the methodology is fully exportable. Experience indicates
that the suggested tools and processes to improve the logistics flow of material reception in
warehouses are suitable, useful, and practical for any company. Nevertheless, every factory
is different and needs to adapt these tools to its particular manufacturing characteristics,
layout, inventory, flow charts, and organization.

In the future, it will be important to continue to develop the automation of the reception
process, as was started during this study through pallet conveyors, thereby eliminating
manual processes, which apart from normally consuming more execution time, are more
prone to errors and normally less ergonomic for the operators. Another interesting topic
for further research will be to analyze the relationship and impact that the developed
improvements in the receiving process would have in the warehouse proceeding and
succeeding processes.

Author Contributions: J.C.d.O.M.: Conceptualization, Writing—Original Draft, Writing—Review
and Editing; A.V.d.O.: Methodology, Data collection, Software, formal analysis; C.M.O.P.: Method-
ology, formal analysis, Writing—Review and Editing; R.G.: formal analysis, Writing—Review and
Editing; S.M.P.G.: formal analysis, Writing—Review and Editing. All authors have read and agreed
to the published version of the manuscript.



Logistics 2022, 6, 22 21 of 23

Funding: João Matias and Carina Pimentel were financially supported by the research unit on
Governance, Competitiveness and Public Policy (UIDB/04058/2020), funded by national funds
through FCT—Fundação para a Ciência e a Tecnologia. Radu Godina was supported by the Fundação
para a Ciência e a Tecnologia (FCT-MCTES) via the project UIDB/00667/2020 (UNIDEMI) and Susana
Garrido is funded by national funds through FCT—Fundação para a Ciência e a Tecnologia, I.P.,
Project UIDB/05037/2020.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Smith, D.; Srinivas, S. A Simulation-Based Evaluation of Warehouse Check-in Strategies for Improving Inbound Logistics

Operations. Simul. Model. Pract. Theory 2019, 94, 303–320. [CrossRef]
2. Ghalehkhondabi, I.; Masel, D.T. Storage Allocation in a Warehouse Based on the Forklifts Fleet Availability. J. Algorithms Comput.

Technol. 2018, 12, 127–135. [CrossRef]
3. De Koster, R.B.M.; Johnson, A.L.; Roy, D. Warehouse Design and Management. Int. J. Prod. Res. 2017, 55, 6327–6330. [CrossRef]
4. Waters, D. Global Logistics: New Directions in Supply Chain Management, 6th ed.; Waters, D., Ed.; Kogan Page: London, UK;

Philadelphia, PA, USA, 2010; ISBN 978-0-7494-5703-7.
5. Faber, N.; de Koster, R.B.M.; van de Velde, S.L. Linking Warehouse Complexity to Warehouse Planning and Control Structure:

An Exploratory Study of the Use of Warehouse Management Information Systems. Int. J. Phys. Distrib. Logist. Manag. 2002, 32,
381–395. [CrossRef]

6. Gu, J.; Goetschalckx, M.; McGinnis, L.F. Research on Warehouse Operation: A Comprehensive Review. Eur. J. Oper. Res. 2007, 177,
1–21. [CrossRef]

7. Gil-Borrás, S.; Pardo, E.G.; Alonso-Ayuso, A.; Duarte, A. Fixed versus Variable Time Window Warehousing Strategies in Real
Time. Prog. Artif. Intell. 2020, 9, 315–324. [CrossRef]

8. Davarzani, H.; Norrman, A. Toward a Relevant Agenda for Warehousing Research: Literature Review and Practitioners’ Input.
Logist. Res. 2015, 8, 1. [CrossRef]

9. de Koster, M.B.M.; Warffemius, P.M.J. American, Asian and Third-party International Warehouse Operations in Europe: A
Performance Comparison. Int. J. Oper. Prod. Manag. 2005, 25, 762–780. [CrossRef]

10. Rouwenhorst, B.; Reuter, B.; Stockrahm, V.; van Houtum, G.J.; Mantel, R.J.; Zijm, W.H.M. Warehouse Design and Control:
Framework and Literature Review. Eur. J. Oper. Res. 2000, 122, 515–533. [CrossRef]

11. Tompkins, J.; Smith, J. Warehouse Management Handbook, 2nd ed.; Tompkins Press: Raleigh, NC, USA, 1998.
12. Frazelle, E. World-Class Warehousing and Material Handling, 1st ed.; McGraw-Hill Education: New York, NY, USA, 2001;

ISBN 978-0-07-137600-6.
13. Miao, Z.; Lim, A.; Ma, H. Truck Dock Assignment Problem with Operational Time Constraint within Crossdocks. Eur. J. Oper. Res.

2009, 192, 105–115. [CrossRef]
14. Daquin, C.; Goncalves, G.; Allaoui, H. Tiente Hsu Neighborhood Strategies for the Truck Dock Assignment Problem in Cross-

Docks. In Proceedings of the International Conference on Industrial Engineering and Systems Management (IESM), Seville, Spain,
21–23 October 2015; pp. 714–723.

15. Yazdani, M.; Naderi, B.; Mousakhani, M. A Model and Metaheuristic for Truck Scheduling in Multi-Door Cross-Dock Problems.
Intell. Autom. Soft Comput. 2015, 21, 633–644. [CrossRef]

16. Gracia, L.M.A. Redesign of Warehousing Operations to Increase Storage Capacity and Productivity. WSEAS Trans. Inf. Sci. Appl.
2015, 5, 1–6. Available online: https://www.iiis.org/iiis/Content/Rev-CL2015.pdf (accessed on 26 February 2022).

17. Wang, C.-N.; Dang, T.-T.; Nguyen, N.-A.-T. A Computational Model for Determining Levels of Factors in Inventory Management
Using Response Surface Methodology. Mathematics 2020, 8, 1210. [CrossRef]

18. Wang, C.-N.; Nguyen, N.-A.-T.; Dang, T.-T. Solving Order Planning Problem Using a Heuristic Approach: The Case in a Building
Material Distributor. Appl. Sci. 2020, 10, 8959. [CrossRef]

19. Sam Sekhar, M.; et al. A Novel Inbound Traditional Trade Orders Automation Process for Oracle JDEDWARDS Tool. Int. J. Adv.
Sci. Technol. 2019, 28, 410–420.

20. Zabihi, F.; Sahraeian, R. Trucks Scheduling in a Multi-Product Cross Docking System with Multiple Temporary Storages and
Multiple Dock Doors. Int. J. Eng. 2016, 29, 1595–1603. [CrossRef]

21. Yu, W.; Egbelu, P.J. Scheduling of Inbound and Outbound Trucks in Cross Docking Systems with Temporary Storage. Eur. J. Oper.
Res. 2008, 184, 377–396. [CrossRef]

22. Akbari, M.R.; Darvishan, J.A. Truck Scheduling in Cross-Docking Warehouse Including Multiple Dock Doors. In Proceedings of
the 43th International Conference on Computers and Industrial Engineering, CIE43, Hong Kong, China„ 16–18 October 2013; pp.
746–758.

http://doi.org/10.1016/j.simpat.2019.03.004
http://doi.org/10.1177/1748301818761130
http://doi.org/10.1080/00207543.2017.1371856
http://doi.org/10.1108/09600030210434161
http://doi.org/10.1016/j.ejor.2006.02.025
http://doi.org/10.1007/s13748-020-00215-1
http://doi.org/10.1007/s12159-014-0120-1
http://doi.org/10.1108/01443570510608592
http://doi.org/10.1016/S0377-2217(99)00020-X
http://doi.org/10.1016/j.ejor.2007.09.031
http://doi.org/10.1080/10798587.2015.1014620
https://www.iiis.org/iiis/Content/Rev-CL2015.pdf
http://doi.org/10.3390/math8081210
http://doi.org/10.3390/app10248959
http://doi.org/10.5829/idosi.ije.2016.29.11b.14
http://doi.org/10.1016/j.ejor.2006.10.047


Logistics 2022, 6, 22 22 of 23

23. Sangsane, K.; Vanichchinchai, A. Improvement of Warehouse Storage Area and System: An Application of Visual Control and
Barcode. In Proceedings of the 2021 IEEE 8th International Conference on Industrial Engineering and Applications (ICIEA),
Sanya, China, 15–18 April 2021; pp. 444–448.

24. Gómez-Montoya, R.A.; Cano, J.A.; Cortés, P.; Salazar, F. A Discrete Particle Swarm Optimization to Solve the Put-Away Routing
Problem in Distribution Centres. Computation 2020, 8, 99. [CrossRef]
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