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Purpose: The aim of this paper is to identify and evaluate the benefits of existing solutions in
the field of Industry 4.0 in automotive companies in the sector of small and medium enterprises.
Design/methodology/approach: The author applied the literature review to extract the main
elements of Industry 4.0, which are adopted in the automotive industry. The next part was
an interview with managers of a selected automotive company. The interview was analyzed
using qualitative content analysis.

Findings: Based on the assessment of implementing Industry 4.0 solutions in an enterprise
from the SME sector, it can be concluded that a company may achieve many benefits thanks to
such elements as automated machines, cyber-physical systems, big data and cloud-based tools.
The results of these studies have shown that the efficient use of technology can significantly
increase the productivity of a production company.

Research limitations/implications: Industry 4.0 is developed intensively, but is still at an early
stage of implementation. The research was based on a case study, which limits the
generalization of results. In the future, the scope of research should be extended to the entire
industry.

Practical implications: Managers should analyze and use the innovative solutions that Industry
4.0 gives to achieve benefits in various areas of the company’s operations. Despite this, some
activities in the production process are performed better by a human than a machine or an IT
system.

Originality/value: The article is one of a few that examine the implementation of Industry 4.0
solutions in the context of SMEs in Poland.

Keywords: Industry 4.0, automotive, case study, small- and medium-sized enterprises.

Category of the paper: Case study.

1. Introduction

The development of technology brings many benefits to production costs due to the
optimization and minimization of human errors, and a decrease in production time.

Thus, the demand for shorter delivery time, more efficient and automated processes, higher
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quality and customized products have driven companies towards the fourth industrial
revolution. Nowadays, many manufacturers and organizations are successfully transitioning to
Industry 4.0 by realizing the advantages of digitalized manufacturing and adapting highly data-
driven and automated processes, which enable them to deliver improved services and products
to customers. With Industry 4.0, environmental and social benefits, such as reduced energy
consumption, waste reduction and new adaptive work environments, can also be achieved
(Kagermann et al., 2013). In turn, the negative effect of implementing innovative technologies
may be the loss of work by low-qualified personnel, increased bureaucracy and incurring
excessive financial outlays in relation to the benefits obtained.

The digitalization and automation of business and advanced manufacturing processes is
becoming a requirement for successful organizations within different industries in order to
remain competitive. Industry 4.0 is primarily desirable and created for the needs of the
automotive industry. Relevant technological developments in industrial production include
increasing automation, digitalization and connection between machines, products and users.
In the future, digital solutions should lead to the creation of a Smart factory (Hermann et al.,
2016), where robots, people and systems will be connected. Currently, however, according to
the analysis (Vyshnevskyi et al., 2019) Industry 4.0 and artificial intelligence are not yet a key
driver of economic development.

There is a gap in empirical research on the implementation of Industry 4.0 solutions in
enterprises. The aim of this paper is to identify and evaluate the benefits of existing solutions
in the field of Industry 4.0 in automotive companies in the sector of small- and medium-sized
enterprises. The article is based on a case study.

The next part of the article presents the concept of Industry 4.0 and important studies on
this topic. The third section contains the research methodology. The fourth part covers the
results. The fifth part includes the discussion. The article ends with a chapter about implications,

further research areas and conclusions.

2. Theoretical background

Industry 4.0 is the next step in the technological progress, which has been progressing for
several centuries. A steam engine was invented at the end of the 18™ century, which marked the
beginning of a new era in industry. The first industrial revolution began with the transition from
the agricultural to industrial society (Industry 1.0). It was characterized by mechanical
production plants based on water and steam power (Lu, 2017). The next stage of industrial
development took place in the mid-nineteenth century. Mass production was carried out using
electricity. During this period, the first management concepts to increase the efficiency of

production facilities began to appear, like the “Principle of Scientific Management” by Taylor,
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who was considered the “Father of Management”. The third industrial revolution began with
the growing needs of the society in the mid-twentieth century. This revolution described the
use of electronics and information technology (IT) in production automation and generated
a widespread digitization wave (Bigliardi et al., 2020). The digitization that contributed to the
origin of a new concept called Industry 4.0.

The concept of Industry 4.0, which suggests the application of principles and technologies
from the Internet of Things in the manufacturing industry, was launched in 2011 by a Council
of the German Government that consisted of scientists and industry representatives. Meanwhile,
other countries have also proposed similar initiatives, such as the “Industrial Internet” in the
USA (Annunziata, and Evans, 2012) and “Made in China 2025” plan in China (Tong, and Lim,
2016). Industry 4.0 involves the use of advanced Information and Communications Technology
(ICT) to increase the degree of automation and digitalization of production, manufacturing and
industrial processes. The digitization of industry consists in:

— Cyber-Physical Systems (CPS) — is comprised of sensors, microprocessors and actuators
that constitute the technological core of Industry 4.0 and enable real time data transfer
(Miiller et al., 2018; Bigliardi, 2020). In the manufacturing environment, these Cyber-
Physical Systems comprise smart machines, storage systems and production facilities
capable of autonomously exchanging information, triggering actions and controlling
each other independently (Kagermann et al., 2013).

— Internet of Things (IoT) — is a concept of gathering information using computer
networks or accelerated wireless connections without direct human intervention (Gubbi
et al., 2013). Over the Internet of Things, CPS communicate and cooperate with each
other and humans in real time,

— Internet of Services (IoS) — is concerned with the systematic use of the internet for new
ways of value creation through materialization of the Product-as-a-Service (PaaS)
business model (Ghobakhloo, 2018),

— Big Data analytics — enables contemporary organizations to better gain value from the
massive amounts of information they already have (e.g. design records, customer orders,
delivery of suppliers, inventory and logistics information) and identify what is likely to
happen next and what actions should be taken to achieve optimal results,

— cloud computing — the use of cloud computing provides manufacturers with cloud-based
software, a web-based management dashboard and cloud-based collaboration, as well
as enables the integration of distributed manufacturing resources and the establishment
of a collaborative and flexible infrastructure across geographically distributed

manufacturing and service sites,
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— machine learning — is a group of computer techniques that focus on extracting useful
knowledge and making the right decisions based on large amounts of data, both
structured and unstructured, which can be obtained at any time from a company or
factory,

— advanced robotics — are innovative technologies and solutions, traditionally associated
with the robotics service sector, that will be transferred to smarter industrial robots and
will use a much wider range of technologies, enabling a higher level of dexterity and
flexibility, the ability to learn tasks without formal programming, and to conduct
autonomous cooperation with other autonomous devices and human operators, thanks
to the improved capabilities offered by advanced communication networks,

— Augmented Reality — is a technology that enriches the real factory environment of
an intelligent operator with digital information and media (sound, video, graphics etc.),
which are applied in real time in its field of view. AR is commonly used in describing,
planning and real-time operation monitoring, fault diagnostics and recovery, as well as
training related to industrial products and processes (Doshi et al., 2017),

— Additive manufacturing — is a manufacturing technique, in which parts are built by
melting thin layers of powder and adding one layer of material, either plastic or metal,
on top of another, based on the geometry provided by Computer-Aided Design (CAD)
modules (Sarvankar, Yewale, 2019). Additive manufacturing has advantages over
existing production methods in terms of material efficiency, resource efficiency,
component production flexibility, although it has a weakness in terms of size,
imperfections and costs,

— Cybersecurity — is a key element of Industry 4.0. Hacker attacks can lead to the loss of
sensitive information. Therefore, data security in the age of digitization should be
a priority.

Industry 4.0 attempts to assimilate production processes into a coherent digital unit by
integrating adjustability, agility, reorganization and soundness (Barenji et al., 2019).
We talk about the possibility of mass customization thanks to the solutions of this concept.
Direct customer input to design will enable companies to increasingly produce customized
products with shorter cycle-times and lower costs than those associated with standardization
(Wang et al., 2017). Also, the smart factory, which will be created by implementing Industry
4.0, will be highly flexible to changes in production, which is an additional advantage for
customers.

An important component of Industry 4.0 is the combination of the physical and virtual
worlds. Data sets obtained from humans and robots should be analyzed and processed in the
cloud. However, integrating humans into this concept remains a challenge, because it has to
deal with employees’ resistance, including fear of being replaced or having inadequate skills
(Gorecky et al., 2014)
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Bigliardi et al. (2020) claims, that the concept of Industry 4.0 will apply mainly in the area
of Logistics 4.0, Automotive, Smart home and Agriculture 4.0. Yin et al. (2018) suggested to
make detailed case studies that are rigorous, deep and insightful to explain how to create,
manage, operate, and maintain production systems in the context of Industry 4.0. It is suggested,
that Industry 4.0 might offer a huge chance to align the goals of sustainable development with
the ongoing digital transformation in industrial development, which, in turn, also carries the
potential to turn into a threat if sustainability targets are not taken into account while
implementing Industry 4.0 (Beier et al., 2020). Therefore, social, technical and technological,
economic, environmental and legal risks should be reducing due to the joint expansion of the
technological sphere of Industry 4.0, as well as the “soft sphere” related to competences
(Miskiewicz, 2019).

3. Methods

The aim of this paper is to identify and evaluate the benefits of existing solutions in the field
of Industry 4.0 in automotive companies in the sector of small- and medium-size enterprises.
To achieve this goal, qualitative research was carried out based on a case study. A qualitative
approach is widely used in context of complex, innovational, evolving and contemporary
phenomena to be studied within their real-life, social and organizational environment, which is
true for Industry 4.0 and its implementation (Yin, 2009). The examined enterprise is located in
the Opolskie Voivodeship in Poland. The company employs 150 people and its turnover does
not exceed EUR 50 million, which allows it to be classified in the SME sector.

The main components of Industry 4.0 have been identified based on a literature analysis.
A questionnaire was created and consists of open questions about specific elements of the
Industry 4.0 concept. The development of the interview guideline was based on the literature,
but followed the principle of openness and flexibility to allow unexpected and original topics
to emerge, corresponding to the exploratory nature of this study (Kasabov, 2015).

In April 2020, the company’s management was interviewed at the company’s headquarters
(i.e. technical director, production manager, project manager). In addition, the production

process and Industry 4.0 solutions used in practice were presented during the interview.
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4. Results

The data obtained on existing solutions from Industry 4.0 are described according to the
following categories: automation and robotization, Internet of Things, Digital Twin,
simulations, horizontal and vertical software integration, cloud, Big Data, cybersecurity.
Then, an assessment of the benefits of existing solutions and plans for the future implementation

of elements of Industry 4.0 are presented.

4.1. Current Solutions

Automation and robotization. The analyzed company has advanced machines that automate
the work of many people. In the semi-finished cable preparation section, machines have been
implemented to enable multiple production operations at once. Prior to the implementation of
these machines, cable processing operations required a lot of time. After the implementation of
the new system, production times decreased more than ten times and the quality of products
increased. Machines equipped with sensors provide quality verification of semi-finished
products at a very high level.

The company’s management plans to develop the machine park in the future. The main
obstacle to buying new machinery is the financial aspect. The production does not give the
potential for optimization in the form of autonomous robots, due to the specificity of production.

To operate a warehouse equipped with a mobile high-storage system, it was necessary to
purchase forklifts. The specificity of the business does not require significant optimization of
this process, so further expansion of the storage system is not planned.

Internet of Things. Production machines are equipped with plenty of sensors monitoring
their condition and the status of consumable parts. The information is used to plan technological
downtime and ongoing maintenance of equipment. Production machines are equipped with
quality control systems automatically catching defective intermediates. The company sees the
potential in sensors monitoring quality on assembly lines, but due to the dynamics of changes
in the product life cycle and the level of production advancement their implementation is not
possible. The only area where it is possible to implement a sensor system is the stage of final
quality control, where the product is systematized and evaluated. The production system
contains a module informing about the demand for material at workstations in Just-in-Time
mode. Warehouse service prepares deliveries in advance to reduce collection time. At the same
time, an IT system is used to locate semi-finished or raw materials in stock.

Digital Twin. Each product has its digital twin, with which it is compared at the last stage
of production. The entire technological process is not monitored, due to further high costs, such

as employing additional people to develop, manage and monitor the new system.
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Simulations. Production processes are well-known and do not require simultaneous virtual
simulations. Occasionally, the company uses 3D CAD computer programs to model
manufactured products.

Horizontal and vertical software integration. The company uses the ERP system.
A production support and planning system is also implemented. Microsoft with the data cloud
platform enables full integration of users, data and systems. The enterprise is equipped with
proprietary programs supporting production and a quality management system. The accounting
and production systems are closely connected and use one database. Microsoft services are also
partly related to proprietary software. The production system shows the progress of a multi-
level production order.

Cloud. The company uses the Microsoft cloud platform in connection with collecting large
amounts of data. Having a large disk space would be unprofitable, due to the amount of data.
Cloud helps with the use of data outside the company’s headquarters, e.g. during business trips
or meetings with clients. The company uses the Customer Relationship Management (CRM)
tool in the cloud. This allows employees to monitor customer and order information in real
time.

Big Data. The system continuously collects large amounts of data about the quality and
workload from every production order. Quality control employees are equipped with tablets to
speed up the process of reporting problems on production. Then, the data is analyzed and used
in the production improvement process. The information collected has an impact on making
decisions regarding production line control and production optimization.

Mass customization. Products are made in series on a special customer order. Each series is
unique in accordance with the provided technical documentation. An implementation of
changes is carried out systemically, using all steps in the software chain. There is a full
personalization of the product. The production system allows to search for semi-finished
products that can be used in other products, which helps to optimize production orders, but it is
not a function with autonomous features.

Cybersecurity. The main server is secured by an anti-virus software. Sensitive data is stored
in the cloud, which ensures security. Copies of the accounting system are created regularly.
There are plans to back up all files. Discussions are underway about full file encryption on the
company computers, in order to increase the security of the collected data. The company

independently manages the security of sensitive data.

4.2. Benefit evaluation

The company attempted to implement innovative solutions that fit the idea of Industry 4.0,
but the full implementation was abandoned due to benefits disproportionate to the costs.
The mechanical assembly line was to be equipped with an innovative dynamometric
screwdriver system, programmed for a specific production process, communicating

via a Wi-Fi network with a docking station, preventing errors related to the wrong selection of
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tools during assembly. The system passed the tests successfully, but the savings resulting from
the reduction of exchange times were not as high as expected.

The cable harness production line was equipped with an innovative assembly table,
prompting the order of assembly of the harness modules with colored diodes, displaying
assembly instructions on the screen and verifying the correctness of the stages. Due to the large
number of changes requested by the customer during the production process, the developers of
the prototype smart board were not able to update the Digital Twin continuously and the project
was closed.

Currently, the company is moving towards greater automation of the quality control stage.
The plans include the use of additive manufacturing technologys, i.e. the implementation of rapid
prototyping/rapid manufacturing. The company sees great potential in this technology. It would
be used to build dedicated testing modules due to the personalization of each product.
Independence from external suppliers will allow for faster development of test modules,
which will increase the attractiveness of the company in the opinion of customers. Currently,
the company has difficulties in employing a specialist, who would be able to operate the device

and design elements for 3D printing.

5. Discussion

The results reveal a number of insights and practices regarding the implementation of
Industry 4.0 in an SME in the automotive industry. In the following part of the discussion,
the most important similarities are discussed and compared with the current state of research.

According to research, the company has been testing and is focused on the implementation
of automated machines in the production process, as well as various types of sensors in the field
of Cyber-Physical Systems. The company sees the development potential of these technologies
and expects to improve production efficiency after their implementation. This is in line with the
results of Restecka and Wolniak (2016) research, in which researchers show that Polish
companies in the automotive industry are interested in implementing automation and
robotization in the production process, because they can achieve benefits through it. In Chinese
studies (Lin et al., 2018, p. 589), it was found that the automotive companies tend to
demonstrate the highest willingness to adopt advanced production technology when they notice
the great perceived benefit from Industry 4.0.

The company’s management believes that the purchase of automated machinery and tools
has a positive effect on production time. Currently implemented technologies have saved more
than 90% in certain process times and material waste. This is in line with the research of
Wolniak (2019), where he found that using a wide range of quality tools can be useful to reduce

downtimes on the production line in the automotive industry.
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According to studies of Lima et al. (2019), the implementation of the collaborative robot in
conjunction with manual labor can reap benefits, such as eliminating and reducing time for
operations. However, the results of own research are contradictory. The analyzed company
claims that the level of production complexity does not allow the use of cooperating robots.

The Digital Twin solution in the company has contributed to greater reliability in checking
final products, which had a positive impact on the costs associated with the complaints service.
This is confirmed by the research of Horvathova et al. (2019), which indicates, that by using
Digital Twin and other Industry 4.0 principles and solutions in the process of material selection
and processing in the selected company, the increased efficiency and cost savings were
achieved.

Also in the company, along with the implementation of further digital solutions, the
business model changes from focusing on activities performed mainly by hand to fully
automated processes. This will allow companies in the SME sector to compete with other
players on the market. According to Miiller (2018), when implementing Industry 4.0 in the
SME sector, their business models will change, as they will focus on IT competences.
This confirms the fact of looking for a specialist to support additive technologies in the
enterprise.

Also, the company has almost achieved mass customization, which will allow for a more
flexible approach to meet customer needs. In the future, it is predicted that companies will have
long-term, intensified relationships with manufacturers and providers of products and services,

especially for the usage of products and services.

6. Summary

This paper attempts to provide an identification and an evaluation of the implementation of
Industry 4.0 solutions in a Polish enterprise in the automotive industry from the SME sector.
This research investigation enhances the literature on Industry 4.0 by providing evidence that
the implementation of this concept is beneficial to an economic entity. Despite this, human
work on certain activities in the production process cannot be replaced by a robot or automated
machine. Based on the research, it can be concluded that the concept of Industry 4.0 is being
developed step by step. Automated machines and devices are introduced to facilitate the
production process. Data sets are used to make decisions and integrated software solutions
monitor the course of individual processes in the company. The possibilities of additive
technologies, which the company plans to introduce soon, have been noticed. Digital Twins
increase efficiency in quality control, which is also reflected in the company’s competitiveness.
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Although Industry 4.0 in the analyzed case is still being developed, at the initial stages of

implementation it already brings benefits in the form of reducing production costs. It also has

a positive impact on production time, precision of products and quality of the final product.

The lack of financial resources and qualified staff to support modern solutions remains the main

barrier in implementation.

This study cannot be generalized to all economic entities due to the case study. However,

it seems that Industry 4.0 is the future for Polish companies in the automotive industry.

Therefore, company management should consider the implementation of individual solutions

that digitization gives in order to achieve social and economic benefits.
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