
Simulation pulled by the need to reduce wastes 
and human effort in an intralogistics project

1. Introduction

Since its inception, the industry has undergone 
several paradigm changes, which are labelled as in-
dustrial revolutions, and which in themselves lead 
the industries to adapt the evolution of processes and 
new technologies [1], [2]. In the case of the organiza-
tions' internal logistics, it is essential, from the point 
of view of the existing competitiveness at the global 
level, the automation of processes, in order to pro-
mote an efficient and standardized physical flow of 
materials, without wastes. Industrial automation in 
productive environments is a determining factor for 
companies that work with their objectives in terms 

of process performance and productivity levels [3]. 
Adopting a waste-free journey guided by the Lean 
Thinking philosophy [4], automation is an ally and 
a strategic tool to reorganize processes and reduce 
waste [5]. 

Underneath this thinking and natural from the 
Toyota company after the Second World War [6]–
[8], the production paradigm known by Lean Pro-
duction System (LPS) [9], [10] allows companies to 
be competitive and able to meet market demands by 
focusing on the customer´s value in their perspec-
tive. LPS seeks to eliminate waste (activities that do 
not add value to the product from customer point of 
view) and the timely delivery of the products, bring-

Lean Thinking is a well-known management philosophy that increases productivity and 
reduces cost by eliminating waste. To achieve this, it uses all suitable available tools. Simulation 
has been widely used to design and/or diagnose production systems and to propose effective 
better alternatives. In addition, Ergonomics approaches have also been applied to improve 
work conditions. The project described in this article applied these knowledge areas to a 
real case, in order to propose the use of AGVs for the materials handling and transport in 
certain shop-floor zones, instead of using milkrun. The developed simulation model greatly 
contributed for this analysis and revealed the reduction of the supply machines time and 
route time by half as well the reduction the human effort.
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ing many benefits to the companies. The key idea is 
“to do more with less”, that is, less time, less space, 
less human effort, less equipment and, more efficien-
cy, and better understanding of customer needs [9]. 

This idea has been applied to all areas in goods 
and/or services companies, non-profit organizations, 
among others and not just direct operations of the 
shop-floor [11]. In the case of indirect operations, 
like Logistic, Lean Logistics is the name given to the 
application of Lean Thinking to the logistic opera-
tions where concepts such as milkrun, supermarkets, 
and border of line are studied to better supply the 
production system [12]. Classical concepts of logis-
tics and supply chain are essential and are very well 
complemented with the kaizen perspective that ev-
erything should be improved every day, always at-
tending to the customer [13]. At the same time, all 
logistic operations, as production operations, need 
to be sustainable through, for example, reducing the 
space occupied in the warehouses, the packing han-
dling, the transports and motion. All processes, from 
the raw material reception to the customer expedi-
tion, must be reorganized to eliminate all the wastes. 
For this, Industry 4.0 technologies used in logistics, 
many times known by Logistics 4.0, have been fun-
damental [14]–[17].

Reducing wastes also means to eliminate/reduce 
human effort by taking care of providing good work-
ing conditions for the operators [18], [19] where 
the technologies referred are essential. Whatever 
the problems identified in the companies are, it is 
necessary a systemic perspective to address them si-
multaneously to achieve a sustainable and global de-
velopment. In intralogistics operations, particularly 
important are the sustainable development goal 8 
(SDG8) (Decent work and economic growth) and the 
sustainable development goal 12 (SDG12) (Respon-
sible consumption and production), however they are 
all, more or less, correlated [20]. When considered 
a Sustainable Supply Chain Management (SSCM) all 
SDGs are involved, as discussed by Zimon et al. [21]. 
Attending to the exposed, it is of utmost importance 
to interlink concepts and approaches from differ-
ent disciplines to address SDGs challenges [22] and 
make decisions based on different variables, that go 
beyond the costs reduction and/or efficiency.

In this article, the authors present a research of 
an integrated approach of four knowledge areas: Lean 
Production, Logistics, Ergonomics, and Simulation in 
a project associated with concepts of Logistics 4.0, cre-
ating an important synergy between them to improve 
logistics processes. In this way, using simulation the 
authors intended to study transport system alterna-

tives that associate automation concepts from Indus-
try 4.0 with Lean Thinking in intralogistics processes, 
focused on reducing wastes. Thus, the alternative 
transport systems incorporated new cargo transport 
technologies, namely the Automated Vehicle Guide 
(AGV) or Automated Intelligent Vehicle (AIV). 

The simulation model was developed using Simio 
[23] to study the integration of AGV in a production 
unit of a real case study in the automotive industry 
to reduce wastes and human effort. The objective of 
this article is to explain the model developed and the 
importance of it for this intralogistics project study 
associated with a Lean Thinking, Logistics 4.0 and 
Ergonomics. Like many other case studies revealing 
companies implementing Lean [24], this company 
needed this study to make better decisions. Howev-
er, those decisions needed to attend different dimen-
sions, many times, conflicting with each other where 
some trade-offs are imposed [25]. The research ques-
tions to answer through this case study were:

1. Is simulation a good tool to study different 
alternative transport systems?

2. Is the solution provided by the simulation a 
good solution, i.e. reduce human effort and 
transports?

3. Is the solution provided by the simulation 
a solution more sustainable, i.e. bring more 
economic and ecological benefits?

This article is structured as follows. In the first 
section, a brief introduction is presented and the 
objectives of the article are mentioned. Second sec-
tion describes a brief and essential literature review. 
The third section deals with the case study and the 
simulation model developed. In the fourth section, 
the results obtained in the simulation are reported. 
The fifth section presents a discussion. Finally, the 
conclusion is addressed in the sixth section.

2. Lean Thinking, logistics, ergonomics 
and simulation importance 

Lean Thinking [4] is the philosophy behind Lean 
Production that allows companies to be competitive 
and able to meet market demands. The concept of 
waste is associated with activities that do not add value 
to the product in the customer's view and for which 
he/she is not willing to pay, and the timely delivery of 
products, bringing many benefits to companies [9]. 
Those benefits are related to a better operational per-
formance and sustainability [24], [26], [27]. 
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The Lean Thinking philosophy emerged as a 
need to respond to the companies´ queries that in-
tended to implement TPS, as referred by Womack 
and Jones [4]. It consists in creating a continuous flow 
of value delivery to the customer, reducing the loss 
of organizational resources as much as possible. The 
five basic principles of this philosophy defined by the 
authors are: 1) Value; 2) Value Stream; 3) Flow; 4) 
Pull production; 5) Pursuit of perfection [4]. 

To create value for the customer, all activities that 
do not add value and make the product stop must be 
eliminated. For this, it is essential to have continuous 
flow, i.e., raw materials, work in progress and final 
product must flow smoothly and continuously. This 
is the logistics main function that must assure the 
right material, in the right quantity, to the right place. 
This is the principle of Just in Time (JIT) that is one 
of the technical pillars of TPS house [28]. This seems 
easy to say but it is very difficult to achieve. For this, 
many Lean Logistic tools must be implemented such 
as supermarkets, milkrun, suitable productive activity 
control systems such as Kanban, well designed bor-
der of line and containers, among others [12], [29]. 

Milkrun has been chosen as a preferable transport 
system, instead of forklift, because it creates a smooth 
internal logistic flow, assures an effective supply to 
the workstations and provides the materials in JIT 
mode. However, other alternative transport systems 
(e.g. AGVs, AIVs) are being equated as they benefit 
from technological development and artificial intelli-
gence, increasing the level of productivity of a compa-
ny. Additionally, RFID and others technologies from 
Industry 4.0 could give a useful help establishing and 
providing material information and tracking in real 
time [30]–[33]. Therefore, Lean Logistics concepts 
combined with Logistics 4.0 are of great importance 
to increase the efficiency of the internal value chain 
within organizations. 

Nevertheless, logistics operations in traditional 
companies (without the technology referred) imply 
workload transport and handling performed, mostly 
by operators. This means that the best working con-
ditions must be assured. TPS offers "a safe working 
environment physically, emotionally and profession-
ally for all employees" [34]. In this way, it is possible 
to demonstrate efficient ways to improve jobs, aiming 
at the well-being of operators, providing the overall 
performance within organizations [4]. According to 
the International Ergonomics Association (IEA), Er-
gonomics, also known as Human Factors, is a scien-
tific discipline that studies Human interactions with 
other elements of the system, with the aim of improv-
ing human well-being and overall performance of 

the system [35]. For example, the conditions under 
which certain tasks are performed, as well as their 
characteristics and requirements can cause Work-
related Musculoskeletal Disorders (WMSD) to 
workers over time. The main WMSD risk factors 
are repetitive tasks, the application of force, and the 
adoption of awkward postures [19], [36], [37].

Simulation is a tool that can help in decision-
making. According to Khoshnevis [38] simulation is 
the method of building models to represent existing 
real-world systems, or future hypothetical systems 
and experimenting with these models to explain the 
behaviour of the systems, increase performance, or 
design new one’s systems with the desired perfor-
mances. Simulation represents an excellent form of 
communication, as it uses visual models or graphi-
cal animations, making it possible to make represen-
tations of the dynamic systems more intelligible to 
the various interlocutors interested in analysing the 
system, as can be seen in many examples [39]–[41]. 
It is possible to simulate the physical incorporation 
of new technologies, such as AGVs within organiza-
tions, through 3D-simulation, which allows assisting 
and understanding the feasibility and risk associated 
with the incorporation of these new technologies in 
the organization [42], [43]. 

3. Case study 

This section presents the case study of this re-
search. In this regard, first subsection describes the 
critical analysis and problem identification verified at 
the company of the case study. Thereafter, second 
subsection fundaments the need for an alternative for 
the current scenario, as well as the need for a simula-
tion approach to assess such alternative. Finally, last 
subsection describes the simulation modelling ap-
proach that was established using Simio software.

3.1. Critical analysis and problems 
identification in the production unit

The study was undertaken in a production en-
vironment of a multinational company dedicated 
to the production of metal parts for automobiles. 
It is comprised of several Autonomous Production 
Units (APUs), wherein workers (henceforth named 
production workers) conduct certain activities. To 
supply these APUs, a milkrun operated by a work-
er (henceforth named logistic worker) conducts the 
logistic activities required to supply APUs. This 
milkrun is powered by an electric tow tractor, which 
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moves specific carriages that contain the containers 
inserted in a rolling base by the milkrun driver with a 
forklift (Figure 1).

Figure 2 shows the layout of the production unit 
and the route and tasks performed by the logistic 
worker. The APU under study is APU1, whose per-
formance is directly influenced by several factors, such 
as the efficiency of the milkrun in providing the re-
quired materials in the correct time and quantity, i.e., 
the remaining APUs and the warehouse are extremely 
relevant for this study. The intended cycle time for 
the milkrun to supply the APUs was 30 minutes, i.e., 

the milkrun is supposed to initiate a new supply route 
every 30 minutes, which is the time required to load 
and unload full and empty containers, respectively, 
and travel the length of the route (Figure 2). However, 
in the conducted field observations, it was verified that 
this only occurred in 47% of the observations. Figure 
2 also shows the durations of the main activities con-
ducted by the milkrun throughout its route.

As the figure shows, one of the areas of the APU 
under study consisted of two large presses: machine 1 
(M1) and machine 2 (M2) that stamped medium and 
large parts. Through various observations, interviews 

Figure 1. a) Milkrun tractor; b) Carriages and material loading process

Figure 2. Layout of the production unit and route of the milkrun
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and other types of analysis carried out on this specific 
production unit of the factory, several problems were 
identified related to internal logistics, ergonomics, 
production and organization of the physical space. 
This subsection addresses some of the main issues 
that were identified.

The company implemented milkrun to improve 
the physical flow of materials, including all APUs. In 
this way, it was intended to improve the company's in-
ternal value flow, seeking to use a just-in-time culture, 
placing the desired material on the edges of the line or 
near the machines, at the right time and in the appro-
priate quantity. This attempt was carried out as part 
of a continuous improvement project, based on Lean 
Production and with the aim of reducing the waste as-
sociated with the supply and performance of the ma-
chines. Nevertheless, this was not operating well, with 
some of the main detected problems being as follows.

To load and unload containers (either full or 
empty), due to their considerable weight and variable 
dimensions, the logistic worker sometimes required 
the help of a forklift, which also implied delays, in 
order for this resource to be available. However, dur-
ing field observations, we also verified that in certain 
situations the forklift was not enough, as the consider-
able weight and varied dimensions of the containers 
also required the help of the production workers, to 
help manoeuvre the forklift. This situation occurred 
in 17% of the field observations that were conducted.

As such, this was not only originated problems 
in terms of internal logistics, but also from an ergo-
nomic point of view. These were related to the forces 
exerted in pushing/pulling the filled containers by the 
logistics and production workers. Resulting from this 
ergonomic problem, some inappropriate postures 
were identified, which consequently affected the task 
performance. In fact, fully filled containers with steel 
or aluminium parts could reach 500-850 kg, a signifi-
cant weight. 

Due to the delay of milkrun in collecting the full 
containers and in putting empty containers, machines 
could sometimes stop the production, as the route of 
the milkrun was affected by the above discussed is-
sues. This resulted in high milkrun route cycle times, 
hence affecting the setup times of the machines.

Similar problems were observed throughout the 
production line, with consequences on waiting times, 
material flow and transportation delays. After several 
observations, and analysing these problems, we con-
cluded that the route of the milkrun and organization 
of the forklift tasks was the root cause of these wastes.

This was the motivation for the study. In this 
context, several improvement proposals were pro-

posed, mainly related to working conditions. One of 
the proposals was to introduce a motorized vehicle 
with a payload of 1000 kg. It provided ergonomic 
improvements, but did not improved internal logis-
tics, since the occupancy rate of logistics workers in-
creased. Attending to this, it was decided to study the 
implementation of an AGV. From there, the project 
was developed in three concrete steps: 1) a market 
study associated with the existing standard AGVs; 2) 
a study of the physical feasibility of the project; 3) a 
study of the economic and ecological feasibility of the 
project. Thus, the second step consisted of assessing 
the feasibility, by using a simulation software, which 
in this case was Simio.

3.2. Basis and reasoning of the simulation 
project

With the improvement proposals, two main ob-
jectives were established: 1) to eliminate inappropri-
ate tasks from the point of view of ergonomics and 
2) to improve the physical flow of materials (Figure 
3). Accomplishing the first, the authors intended to 
reduce the physical workload in manual handling 
tasks and thus the WMSD risk, improving the work-
ers conditions. With the second, it was intended to 
increase the workers, logistics and production, pro-
ductivity for the M1 and M2 machines. It was in-
tended to achieve this through the implementation 
of new transport technologies (AGV) associated with 
industry 4.0 in a project itself linked to fundamental 
concepts associated with Logistics 4.0. Figure 3 shows 
the integration of the synergistic triad (Lean, Logis-
tics and Ergonomics) supported by some concepts of 
Logistics 4.0 and 3D simulation tool, for an adequate 
and successful development of the project.

This project not only considered the importance 
of automating internal logistics processes, but also the 
total interconnection between all concepts, whether 
associated with the principles of Lean Thinking and 
Ergonomics, or associated with the principles of au-
tomation and Logistics 4.0. What matters is to pro-
vide the production unit with autonomous and flex-
ible logistic processes that reduces human effort.

3.3. Simulation model to study the AGV 
alternative

This section describes the work carried out on the 
3D simulation using the Simio software. For this pur-
pose, first the proposal for the continuous improve-
ment is described, which corresponds to the scenario 
to be tested with the simulation model. Thereafter, 
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the model development approach is also described, 
including the processes and characteristics of entities 
and the conducted experiments. Figure 4 shows the 
route of the proposed AGV. 

This implementation consisted of modelling the 
logistic supply routes for two different modes: the 
milkrun route and the AGV route. Regarding the for-
mer, it starts in the awaiting control area (start zone), 
thereafter going to the APU2 with the empty contain-
ers, where the M1 and M2 machines were located, 

and returning with the full containers (of final parts 
or in the process of being manufactured). Figure 5 
illustrates the major processes of this route.

In its turn, regarding the AGV routes, it also starts 
in the awaiting control area (start zone), next going 
to APU2 with the empty containers, where the M1 
and M2 machines were located, and returning with 
the full containers (of parts or in the process of being 
manufactured), either to the start zone or the ware-
house, depending on the type of parts, whether it is 
a final piece or in the process of being manufactured 
(Figure 6). In this case, the AGV process has only two 
machines supplied by the AGV (M1 and M2), unlike 
the milkrun, which had to serve six machines (pass-
ing through a part of APU1).

Thus, using the previous information, the simula-
tion model was created. The entities defined were: 
(i) one representing the activities of the milkrun (the 
respective model shall henceforth be referred to as 

Figure 3. Basis and fundamentals of the study of AGV implementation

Figure 4. AGV future state (to validate with the study)

Figure 5. Milkrun route

Figure 6. AGV route to simulate
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“Only train” model) and (ii) one representing the 
AGV (the respective model shall henceforth be re-
ferred to as “AGVs” model), depending on the type 
of model, i.e., the type of logistic vehicle being mod-
elled. Both entities had the task of supplying the ma-
chines, unloading empty containers on the edge of 
the machines and loading full containers. The differ-
ence was the route taken by both types of vehicles. In 
addition to these two entities, there are also material 
and container entities, which are the material pro-
cessed in the machines and placed in the containers, 
in both models.

3.3.1. Simulation Setup and Parameters for the 
Model “Only Train”

 For the model “Only Train” (Figure 7), a simula-
tion time of 8 hours was considered, referring to the 
time of a work shift. In addition, two performance 
measures were considered, namely:

• number of stops per machine;

• cycle time of the milkrun.

The main objects used to model the production 
activities (on the machines), were Combiners, which 
require two inputs in order to produce a single output. 
This allowed us to ensure that production could only 

resume if production workers had at least one empty 
container, in order to storage the finished goods. The 
same object ensured that the entity (either milkrun 
or AGV, depending on the model), could collect the 
required containers.

In order to achieve a model as realistic as possi-
ble, and as indicated in section 3.1, average values of 
processing times were estimated for the relevant ac-
tivities and were introduced in the simulation model, 
namely the loading and unloading times of the milk-
run and the machines’ production times. The times 
required for each of the main activities that influence 
the cycle time of the milkrun were the result of field 
observations and measurements, and the respective 
average values introduced in the simulation model 
are displayed in Table 1.

The table shows the average performance mea-
surement values observed during a simulation of 8 
hours. These indicators were relevant as they allowed 
to validate the system and to conclude that the model 
could be used to quantify the impact of using AGVs 
in this system, after applying slight changes.

3.3.2. Simulation Setup and Parameters for the 
“AGVs” model

In the “AGVs” model, represented in Figure 8, 
the AGV performed the same tasks as the milkrun, 

Figure 7. 3D view of the Model “Only Train” 

Table 1. Average processing times for simulation.

Machine Machine processing time 
(min)

Train stop time 
(min)

Times to allocate full containers 
(min)

M6 20 1.5 1.5
M5 17 1.5 1.5
M4 16 2 2
M3 18 3 3
M2 15 2 3
M1 15 3 3
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however only for the M1 and M2 machines. The 
reason for this is that the company wanted, in a first 
instance, to assess the impact of implementing AGVs 
in a single APU2, before eventually pondering its 
implementation in the whole complex.

As previously mentioned, through this model, it 
was intended to understand if two AGVs, or even one, 
outperforms the system being supplied with a milkrun. 
Simio allows the behaviour of entities to be modelled 
using processes, such as the one represented in Figure 
9. While several of these processes were developed, 
for the multiple activities performed by the entities, in 
this case the process specifies the number of AGVs to 

be used throughout the simulation. If it is one AGV, 
it has to supply the two machines of the APU2. On 
the other hand, if it would be necessary to use two 
AGVs, each has to supply one machine. This decision 
was established through the process, where two “De-
cision” elements were included, and two “Set Node” 
elements, which indicate, depending on the number 
of AGVs, what they should do to initiate the respective 
route(s). Thus, if one AGV is established, it is directed 
to the M1 machine, albeit if two AGVs were estab-
lished, one is directed to M1 and the other to M2.

Figure 10 shows the simulation model during its 
execution in 3D, where the several described produc-

Figure 8. 3D view of the Model “AGVs” 

Figure 9. TransferNode3 Process  

Figure 10. Importance of TransferNode1
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tion areas, as well as the entities representing the lo-
gistic vehicle (in this case representing the milkrun), 
the containers, and the products are animated. As 
can be seen, the animation quality is also an impor-
tant aspect of these models, as it allows a better un-
derstanding and communication with stakeholders.

4. Results

In this section, the results of the case study related 
to the use of 3D-simulation are presented as well as 
the economic and ecological estimated impact of the 
project.

4.1. Results of the AGV viability: assessment 
using simulation

Through the 3D micro simulation associated with 
the AGV project, Table 2 and Table 3 show a reduc-
tion or increase in the delivery time of M1 and M2, 
depending on the number of AGVs.

Through the tables (Table 2 and Table 3), it is ob-
served that the integration of one AGV reduces the 
supply time of the M1 and M2 by approximately 3% 
and 6%, respectively. The integration of two AGVs 
allows to reduce the supply time of the M1 and M2 
by approximately 50% and 53%, respectively. Thus, 
there is a significant reduction in the supply time of 

UAP2 machines when inserting two AGVs.
  It was also concluded that to an increase of 11% in 

route time associated with the implementation of one 
AGV (Table 4), and a reduction of 39% in the route 
time made when incorporating two AGVs (Table 5).

Thus, it was concluded that the adequate number 
of AGVs to be integrated was two, in order to sig-
nificantly reduce the supply time of the machines of 
the APU under study (APU2). The AGV studied is 
autonomous and includes automatic mechanisms for 
loads. More details of this are provided in Afonso et 
al. [44].

4.2. Economic and ecological impact of the 
project

Through the simulation results, it was observed 
the need for the company to acquire two AGVs, to 
meet the stipulated objectives. Derived from this fact, 
the cost, and the ecological impact of two AGVs were 
calculated. The result was compared to the situation 
of the milkrun and the forklift. The operational time 
considered was 22 hours. In the case of the milkrun, 
it operated about 75% of its time, and in the case of 
the stacker, it operated 25% of its time, both in an 
8-hour shift. Autonomous AGVs operate during the 
entire operating time. 

It was compared the consumption and costs as-
sociated with the use of such equipment (milkrun + 

Table 2. Reduction of supply time with one AGV.

Machines Supply time with the 
milkrun (minutes)

Supply time with one 
AGV (minutes)

Supply time reduction 
(%)

M1 32 31 3%
M2 32 30 6%

Table 3. Reduction of supply time with two AGV.

Machines Supply time with the 
milkrun (minutes)

Supply time with two 
AGV (minutes)

Supply time reduction 
(%)

M1 32 16 50%
M2 32 15 53%

Table 4. Increase in route time made on average by one AGV.

Average route time by the milkrun 
(minutes)

Average route time per AGV 
(minutes)

Increased average route time 
(%)

28 31 11%

Table 5. Reduction in route time made on average by two AGVs.

Average route time by the milkrun 
(minutes)

Average route time taken on 
average by the two AGVs (minutes)

Reduced average route time 
(%)

28 17 39%
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forklift against two AGVs). The result was a reduc-
tion in total costs (savings) of about 14%, with a 3% 
reduction in annual energy consumption. These 
values were obtained for a type of AGV that used 
a Li-on battery. Proportionally, there was a 3% re-
duction in estimated energy costs and there was also 
the possibility of reducing it by 58% as the recom-
mended CO2 reduction. The incorporation of two 
AGVs makes it possible to omit the costs associated 
with direct labour. These figures were referred to the 
first year of the implementation of AGVs. It was in-
tended to achieve greater savings per year, with an 
estimated cost reduction (savings) of circa 40% after 
the first year.

5. Discussion 

This section discusses the main implications of this 
research in light of the achieved results. In fact, the 
results indicated that the AGV brings clear benefits 
to the operations of the production unit under stud-
ied. Furthermore, the study also showed that the em-
ployed method – simulation – was efficient in helping 
to understand the number of AGVs to consider. Con-
sequently, the first question raised for this research 
was answered. Answering to the second question, it is 
expected that the AGV reduces the route times and 
at the same time, the AGV chosen is an autonomous 
AGV [44] that reduces the human effort. 

In addition, other dimensions such as the eco-
nomic and environmental implications of AGVs, 
were also analysed and discussed. The result showed 
that this solution is, indeed, more sustainable, reduc-
ing the cost but also the environmental impact. This 
answered to the third research question.

To achieve the results achieved in this article, the 
use of Simulation was essential, as well as the Ergo-
nomics studies and the Lean philosophy. Notwith-
standing, the use of Simulation in production envi-
ronments is not new. In fact, previous studies have 
focused on applying simulation to production envi-
ronments [45]–[47] albeit mainly with the aim of solv-
ing particular operational problems, e.g., increasing 
throughput. Similar studies can also be specifically 
focusing on internal logistic issues, e.g., to minimize 
warehouse space [48]. 

By the one hand, the particular characteristics 
of this case study also contribute to the relevance of 
this work, i.e., considerable and variable dimensions 
and weight of the materials, made their handling and 
logistics management considerably complex, which 
contributed to the origin of this study and the rel-
evance of the respective findings. It is the authors’ 

conviction that managers from industries with similar 
characteristics will find the herein provided results to 
be insightful. 

On the other hand, this research, tried to consider 
production and internal logistic metrics, while at the 
same time considering the economic and environ-
mental impacts of the continuous improvement pro-
posal herein studied. Furthermore, the fact that the 
proposals originated by this study were fostered from 
ergonomic insights is also noteworthy, as the alterna-
tive that was proposed was steered by such insights, 
and the simulation model also aimed to serve as a tool 
to quantify its impact. All in all, this was an interesting 
research that compiled several methods and philoso-
phies, applied to a real industrial case study. Further-
more, to study hypothetical production scenarios of 
automated factories, 3D-Simulation is an indispens-
able tool that also fits well Industry 4.0 concepts.  

6. Conclusion

This article evidenced how simulation is a funda-
mental tool to study production systems, namely, in 
intralogistics systems of organizations. In this case, it 
was important to start by doing a good process map-
ping to identify wastes, e.g. in transportation of mate-
rials, workers’ posture and motion. These wastes are, 
normally, reflected in human effort that is unneces-
sary, attending to the available technology, especially 
in the context of Industry 4.0. This section discusses 
the main conclusions of this work, divided in two sub-
sections. First, the implications, from both manager 
and decision-making perspectives are discussed. The 
last subsection discusses the main limitation of this 
work, which shall steer future research developments.

6.1. Implications

Simulation allowed us to devise various possible 
scenarios that can be planned as improvement pro-
posals. Using it, companies can make better deci-
sions, grounded on proper analytical insights, at the 
operational, economic, and ecological dimensions. 
In this particular case, the policy of replacing a tra-
ditional milkrun by AGVs was assessed via simula-
tion experiments, rather than deciding without first 
experiencing the alternative under study. These 
decisions impact internal operational efficiency of 
organizations and should be supported by such ap-
proaches. Furthermore, the risk of acquiring AGVs 
was tested and assessed, by using real industrial data 
incorporated in the simulation, consisting of a robust 
decision-making process. Ultimately, the obtained 
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results demonstrated the possibility of reaching the 
objectives of the project and thus an improvement in 
the internal value chain in the organization.

Through this case study, the importance of simu-
lation for projects associated with Lean, Ergonom-
ics and Logistics 4.0 was conducted, as well as the 
importance of automating logistics processes within 
organizations, which can bring benefits, both at the 
operational level and at the financial level. Hence, 
the use of simulation is applicable and should be em-
ployed in other projects of organizations.

The achieved findings related to the economic 
and ecological impact of the tested alternative are 
also relevant, as well as the importance that simula-
tion had in assessing such proposal. Furthermore, 
the reported impacts are related to the first year – pe-
riod that was simulated – which suggests the potential 
benefits of the solution.

6.2. Limitations and future research

The main limitation of this work is related to the 
nature of the research. i.e., being a case study, the re-
sults are naturally applicable to the particular instance 
that was under study. However, the findings and the 
main implications that were previously discussed are 
relevant and may foster insights in decision-makers 
facing similar circumstances.

Another limitation of this study is concerned 
with the simulation experiments, as the maximum 
number of tested AGVs was two, corresponding to 
maximum possible investment at the moment. On 
the other hand, while a particular autonomous pro-
duction unit was the focus of the study, the remain-
ing ones could be object of this study, possibly af-
fecting the number of AGVs that would be required. 
This would increase the complexity of the simulation 
model and therefore required a future research to ad-
dress these issues.

Additional future work may include, for instance, 
the implementation of additional metrics, such as 
those related to the economic dimension, or even 
sustainability, as certain operations (such as the ones 
conducted by logistic vehicles considered in this ar-
ticle) might influence the operational dimension, as 
well as others.
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