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Abstract. Industry 4.0 encompasses the main technological innovations trans-
forming the physical, digital and biological pillars and promoting changes that
affect the economy as a whole. In each company, the transition to the use of new
technologies is established in a different way and the diagnosis of strategic ob-
jectives in the medium and long term to understand the organizational scenario
can facilitate this process. The philosophy of Lean Manufacturing appears in the
literature and in this research as an important facilitator. The methodology used
to carry out this article was exploratory, qualitative and quantitative, through a
survey applied to 51 managers in the industrial area of companies in the automo-
tive segment in Brazil. The main results showed that the increase in productivity
and cost reduction are expected gains, that the low level of use of new technolo-
gies, connectivity, knowledge about the theme, among others, are configured as
impediments to the transition, highlighting that the association of Lean Manufac-
turing and the technologies of Industry 4.0, can accelerate this process, minimize
possible risks and facilitate solutions for implementation.
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1 Introduction

The concept of Industry 4.0 encompasses the main technological innovations in the
fields of automation, control, and information technology [1] emerging as an oppor-
tunity towards competitiveness. Part of the fourth industrial revolution, it is configured
as a technological trend based on cyber-physical systems, the internet of things, big
data, and cloud computing, which are technologies that seek to serve an advanced man-
ufacturing system transforming the physical, digital and biological pillars and promot-
ing changes that affect the economy as a whole [2].

The transition to Industry 4.0 is not restricted to the use of technological resources,
but also to information systems, organizational structure, and culture. Establishing itself
differently in each company leads to the need for diagnosis of strategic objectives in
the medium and long term for a better understanding of the organizational scenario [3].
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Although there is no broad knowledge about the consequences for manufacturing
operations, the transition appears to be inevitable, leading companies to define their
manufacturing model and plan a program for transformation [4]. Knowledge about In-
dustry 4.0 is an important requirement for the use of new technologies, but in Brazil,
industry users, in general, have low knowledge on the subject, requiring greater dis-
semination on the subject [5].

Another issue to highlight in relation to the transition refers to the philosophy of
Lean Manufacturing, since the association of lean concepts and technologies of Indus-
try 4.0, can accelerate this process, minimize possible risks and facilitate solutions for
implementation [6].

Although the cost of the technologies needed for digital transition is decreasing, in
Brazil, companies still face many obstacles, such as tax burden, logistical costs, and
obtaining financial and intellectual capital [7]. Despite the difficulties in making this
transition, the technologies covered by Industry 4.0 appear not as an obligation to im-
plement, but as a real possibility of expectations of gains.

In this context, the most varied segments are affected by this scenario, and the auto-
motive sector stands out for its relevance in the national economy. Considering the
pillars of Industry 4.0, the competitiveness, and requirements of companies in the au-
tomotive segment, the question studied in this article is: How is the automotive industry
in Brazil preparing for the transition to Industry 4.0? Aiming to identify and analyze
the impediments, expectations of gains, and facilitators for this transition.

2 Literature Review

Industry 4.0 based on nine pillars: big data, autonomous robots, simulation, vertical and
horizontal integration systems, internet of things, cyber-physical systems, cloud, addi-
tive manufacturing or 3D printing, and augmented reality [8], is based on the use of
technologies that drive the transformation of the manufacturing process into digitized
and intelligent [9].

New technologies and intelligent systems with advanced standards of human-ma-
chine interaction allow specificity and communication for each component of the value
chain. The use of these technologies offers more comprehensive impacts in the produc-
tive sector and indirectly in other departments and can also lead to productivity gains
[10]. It is noteworthy that communication in the productive chain occurs through the
connectivity between devices, sensors, machines, and software [11].

The information obtained and the analysis of data between machines, streamlining,
and flexibility in the production environment can make the processes more efficient
with increased manufacturing productivity, leading to the production of higher quality
goods at lower cost, changing the profile of the company. workforce, with a consequent
improvement in competitiveness [12]. In this way, the diversity of technologies can
provide more intelligent, productive, and efficient factories that stimulate economic
growth and development [13].



There are many changes in the production environment caused by the use of tech-
nologies that enable production planning in a more dynamic way and the use of tech-
niques for market analysis [14]. In the automotive industry, the development of differ-
ent technologies for the production of intelligent vehicles was propitiated by the para-
digm shift from high-performance vehicles to safe and comfortable vehicles, a standard
of comfort and safety that can be obtained by autonomous cars, which perceive envi-
ronments driving and carry out the planning and control of the route without human
intervention. The development of autonomous cars aggregates technologies from the
automotive industry and mobile robots, creating reliable mechanical and electrical plat-
forms [15].

In Brazil, studies indicate that the use of digital technologies impacts the value chain
of products, business models, and commercial integration, leading to important gains
in productivity, providing national and international competitiveness [16, 17].

In the literature, references were found to elements that facilitate the implementation
of Industry 4.0: culture of innovation and change, and the lean manufacturing manage-
ment philosophy. The latter, also known as Toyota production system, is considered a
method of improving manufacturing with a focus on the customer and one of the most
used business strategies in the last three decades [14, 18]. Thus, Industry 4.0 associated
with lean manufacturing provides benefits for companies in general, facilitating the
transition process [19].

3 Method

The method used to carry out this article was of a qualitative and quantitative nature
and the segment chosen was the automotive, composed of automakers and auto parts.

The primary data were obtained by the survey method, with 60 questionnaires being
sent in January 2020, to directors, managers, supervisors, and leaders, who carry out
activities in the areas of manufacturing and industrial engineering in companies in that
segment.

The form consisted of 12 questions, presented at random, to be filled in via the elec-
tronic platform, with 2 questions being for the qualification of the sample. In the elab-
oration of the other questions, relevant aspects about Industry 4.0 were considered, such
as the use of new technologies, impediments, expectations of gains, and facilitators for
the transition. In constructing the questions, the theoretical framework on the subject
was taken as the base [3] and based on the professional experience of the authors.

Of the 60 questionnaires sent, 51 returned answered and 9 did not justify their ab-
sence. The surveyed sample corresponds to 75% of small and medium-sized auto parts
companies and 25% of automakers. Secondary data were obtained from bibliographic
references and in the analysis of the results, the professional experience and participa-
tion of the authors in the segment were also considered.



4 Results e discussions

The results found were reported in the tables based on the responses of the research
participants. Table 1 identifies the current scenario of the companies surveyed in rela-
tion to the use of new technologies, making investments, knowledge about Industry 4.0
and data connectivity.

Table 1 — Portrait of companies in relation to transition to Industry 4.0

Questions

View of the participants

Knowledge about
Industry 4.0.

100% consider the topic important and claim to have some
knowledge.

Making investments

Last 2 years: 25% made large investments, 3% small invest-
ments and 72% no investment;

Next 5 years: 16% intend to make large investments, 80%
small investments and 4% no investment.

94% report a low level of data connectivity between their

Data connectivity )
company, suppliers and customers.

49% indicate that the machines do not have sensors, but in-

Use of sensors in S o
stallation is possible;

production machines
and equipment. 51% claim that the machines have sensors that provide par-

tial data.

Control level of the
machines
(IT network).

80% report that the level is low or nonexistent;

20% indicate that the level is medium/high.

Communication level | 78% indicate that the level is low or nonexistent;

hines. . . . .
between machines 22% claim that the level is medium/high.

Source: (Prepared by the authors)

The research participants claim to have knowledge on the topic (table 1), however,
in the analysis of the responses, it was noticed that the level of knowledge of the par-
ticipants in relation to Industry 4.0 is embryonic since they indicate the lack of
knowledge as bottleneck to the transition as described in table 3, as it occurs in indus-
tries in general [5].

Investments in new technologies appear to be insufficient, as in the last 2 years 72%
of the companies surveyed have not made any investments and for the next 5 years 80%
intend to make small investments, a situation that is configured as an obstacle to Indus-
try 4.0, considering that regardless of the transition stage of each company, it is neces-
sary to make investments [20]. It is worth mentioning that the share of high investments
mentioned refers only to the automakers corroborating with secondary research in
which the automakers, in Brazil, represent the share of companies with a greater possi-
bility of investing [7].



The difficulty in relation to connectivity pointed out by 94% of the participants is in
line with research in Brazil [21], in which 91% of the companies are not connected.
Thus, the low level of use of digital technologies, equipment infrastructure and sensors
for data collection shown in the results (tables 1 and 2) may justify the mentioned con-
nectivity difficulties.

The use of sensors in production machines and equipment and especially the level
of control and communication between machines was reported by the participants as
low level, which added to the lack of connectivity and the low level of investments may
explain part of the difficulties for use of new technologies as shown in Table 2, which
presents the use of technologies related to Industry 4.0, considering the perception of
the survey respondents.

Table 2 — Use of technologies

Technologies Ngt ap- Null Low Me- High
plicable dium

Big Data Analytics 6% 58% 10% 6% 20%

Cloud computing 6% 62% 6% 6% 20%

Communication between 20 45% 25% 8% 20%

machines

Robots 12% 60% 2% 10% 16%

Communi_cation with machines 4% 60% 10% 10% 16%
via cell phone

Real-time location system 4% 62% 8% 10% 16%

Process simulation 8% 66% 2% 8% 16%

3D printing 0% 39% 33% 16% 12%

Artificial intelligence 6% 66% 8% 10% 10%

Use of RFID to tag products and 206 66% 8% 2204 206
components

Source: (Prepared by the authors)

In the analysis of table 2, it can be seen that the use of new technologies in most of
the companies surveyed is still low and/or null in all modalities. However, in the details
of the data, it was found that the percentages classified as medium and mainly high
refer to the responses of the participants in the assemblers.

The scenario shown in tables 1 and 2 supports the bottlenecks depicted in table 3
which identifies, in addition to the impediments, the facilitator and the expectations of
earnings of the referred companies.



Table 3 — Impediments, facilitators and expectations of gains

Questions Expectations/impediments

Lack of connection between participants in the business
) chain; unavailability of financial resources; lack of indica-
Bottlenecks that hinder the | tors to measure return on investment; economic crisis or

transition. other external factors; restricted knowledge, lack of interest
in the transition and qualified labor to use new technolo-
gies.
Importance of Lean Manu-
facturing with 96% of respondents consider the use of Lean to be im-
facilitator for Transition to | portant for the transition to Industry 4.0.
Industry 4.0.

Gains to be obtained from | Agility in production processes; greater availability of in-
the transition to Industry formation; cost reduction and product quality improve-
4.0. ment.

Source: (Prepared by the authors)

In table 3, the bottlenecks indicated by the respondents were the lack of connection,
low investments, lack of qualification of manpower and little interest from managers.
These impediments that are reported in secondary research [22] that point beyond the
mentioned bottlenecks, others such as high logistical costs and precarious infrastruc-
ture, highlighting that some companies are in a more advanced stage of technological
development and have more abundant financial resources.

The managers' lack of interest in making the transition may be related to the low
knowledge, already mentioned, about Industry 4.0, as well as the respondents’ percep-
tion that the gains with the transition are limited. It is noteworthy that secondary re-
search also classified the knowledge of the industries in general as superficial when
compared to the real qualification needs of the people involved [5, 23].

Considering that studies in Brazil [17, 24] point out that the level of investment is
guided by the search for cost reduction and productivity gains and that the respondents
of the research identified these searches as earnings expectations, the low level of in-
vestment indicated in table 1 and referred to as an impediment in table 3, it can hinder
the transition process due to the lack of investments.

Despite the identified obstacles, 96% of the research participants highlighted Lean
Manufacturing as an important factor in the transition to Industry 4.0, as well as high-
lighted in the literature that places Lean as one of the most applied and used business
strategies as a basis for the implementation of new technologies [18], offering benefits
to companies in general [14, 19].

It is important to mention that Lean focuses on eliminating waste, segregating what
does not add value, that is, it optimizes the production process, confirming the proposal
in the literature in which the association of technology and lean manufacturing can
streamline the process and minimize possible risks, facilitating the implementation of
Industry 4.0 [6]. That said, it can be said that the management philosophy of Lean Man-
ufacturing and the technologies of Industry 4.0, in addition to walking together, com-
plement each other, being more than an association becoming a synergy.



5 Conclusions

The objective of this study was to identify and analyze the impediments, gains and
facilitators so that companies in the automotive segment can make the transition to In-
dustry 4.0. Based on the results, it was possible to understand that the researched com-
panies have been conducting this transition process at a slow pace, considering the low
use of new technologies, caused by impediments such as low level of investment, con-
nectivity and knowledge on the subject. The most cited earnings expectations were the
increase in productivity and cost reduction, however this opportunity is still distant, for
these companies, given the scenario portrayed in the present research.

Despite the mentioned obstacles, Lean Manufacturing appears as an important facil-
itator for the transition process, both in the literature and in the opinion of the research
participants. Thus, the association of Lean with the technologies of Industry 4.0 opens
the way to structure and streamline the transition process in the automotive segment in
Brazil.

The main contribution of this article was to point out the means to facilitate the ac-
cess of companies in the automotive segment to the process of transition to Industry
4.0, detecting the main impediments that need to be resolved so that the expectations
pointed out are converted into gains.

Like all research, this study has limitations related to nature, especially due to the
sample size, not concluding conclusions. Thus, other studies in different segments or
times may present different results. As a proposal for future studies, it is recommended
to further detail the development conditions for the use of Industry 4.0 technologies
adapted to the Brazilian reality.
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