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Abstract: The purpose of this article is to present the reader the concept of
Industry 4.0 as a modern idea introducing the company into a new era of com-
puterization and robotics. This concept applies to different areas of the organi-
zation as a whole, supported by intelligent systems facilitating decision mak-
ing and automation that improves productivity and quality of work. The idea
of Industry 4.0 is an emerging concept, which is why there are many concerns
about whether it is an opportunity for businesses or maybe it is rather a threat.
The following paper presents the assumptions of the Industry 4.0 concept, and
the results of a questionnaire regarding the state of awareness and preparation
of the enterprise for the implementation of the Industry 4.0 concept were de-
veloped. The purpose of the survey was to recognize the approach to the new
concept in enterprises located in Wielkopolska. The survey indicated the size
of companies participating in the survey and the type of industry to which
they belong. Next, according to these companies, the factors that influence the
development of innovations and the ways of their implementation in enter-
prises were presented. It is also very important to identify barriers to growth
in the company. Based on the results of the survey, it can be stated that the
motivating factor for actions towards development are above all customer ex-
pectations. However, the most important resource in which enterprises want

to invest are people whose knowledge and experience is irreplaceable.

Key words: Industry 4.0, smart factory, cyber-physical systems, the Inter-
net of things

1. Introduction

A high level of production efficiency with low costs, assur-
ing the right quality and variety of the assortment, the ability
to easily change the production profile are the main goals pur-
sued by manufacturing companies. To achieve these goals,
enterprises should constantly increase the quality of their
products by offering products produced in flexible production
systems/ lines and, above all, by lowering production costs
(mainly through the implementation of lean manufacturing
rules). Investments in the production industry focused on in-
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formation technology are now gaining importance and are included in the general concept
of Industry 4.0.

The history of the industry has been created from the beginning thanks to innovative tech-
nical solutions. Many of them initiated a revolution in industry, causing also cultural, eco-
nomic and social changes. The first revolution took place at the end of the eighteenth century
and was related to the use of water energy, the invention of a steam engine and work mecha-
nization. The second revolution took place at the beginning of the twentieth century and was
characterized by the use of electricity, the introduction of mass production techniques. The
third revolution was initiated in the 1970s and was the result of the introduction of systems as
well as information technologies that enabled the automation of production processes. Inven-
tions have shaped the industry and, above all, relieved employees, while increasing produc-
tivity and production speed, minimizing its costs. As a result, mass production has become
possible. After important technical revolutions there was a new phase of development that
has a significant impact on production. This phase is called the fourth technical revolution—
Industry 4.0 (Jaworowska and Piatek, 2016; Sasiadek and Basl, 2018).

2. Essence of Industry 4.0

2.1. Concept

The Industry 4.0 concept is a modern idea introducing enterprises into a new era of roboti-
zation and digitization through optimal control of all production processes. This trend applies
to all areas of the organization as a whole and is supported by intelligent systems that facili-
tate not only quick decision making, but also support automation that improves productivity
and quality of work (Godlewski, 2016).

The concept of Industry 4.0 appeared for the first time in 2011 in Germany. It was as-
sumed then that in the area of Industry 4.0, the company’s production system will consist of
an information system and numerically controlled machines that will operate autonomously
and exhibit elements of artificial intelligence. The Industry 4.0 is currently one of the most-
-discussed topics among practitioners and scientists, making it a priority for many research
centres and enterprises (Lee, 2013).

Undoubtedly, the final result of this most complex industrial revolution is to become an
intelligent factory, otherwise known as Smart Factory. In such an innovative factory, in-
telligent networks are seamlessly connected with each other by machines, products, pro-
cesses, customer networks and suppliers. As a result, it will be possible to further deepen
automation in companies, continuous optimization of products/ services and their pro-
cesses, as well as the collection and processing of large amounts of data in real time and
preventive maintenance of machines and devices, enabling quick adaptation to market
changes (Schwab, 2016, pp. 57-58).

The idea of Industry 4.0 was created not only thanks to the possibilities offered by modern
technologies, but also from the need to adapt production methods to market orientations on
the part of consumers wanting a diverse offer, giving the possibility of free and individual
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choice. The challenge is, therefore, to meet increasingly more personalized customer needs.
In addition, constantly changing promotional campaigns as well as new marketing strategies
of sellers have resulted in a shorter product life. In general, the idea is to replace mass pro-
duction with mass customization. This is to be made possible by the factory in version 4.0
(Jaworowska and Piatek, 2017; Maslanek, 2014).

2.2, Technologies

The digitization of the industry based on nine very advanced technologies plays a key role
in the development of the fourth industrial revolution. As a result of transformations 4.0, all
sensors, machines, workpieces and IT systems will be merged into a value chain (Figure 1).
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Figure 1. New technologies of Industry 4.0

Source: Authors’ own elaboration based on Jaworowska and Piatek, 2017.

The most important, according to some sources, are two elements, namely the Internet of
Things and CPS cybernetic and physical systems integrated in information and technical sys-
tems. One of the assumptions of the fourth industrial revolution is the strict integration of physi-
cal objects with the information network. Therefore, it can be concluded that Industry 4.0 is the
digitization of production infrastructure controlled by systems in the Internet of Things envi-
ronment, where, additionally, there is a smooth and collision-free penetration of the real world
with virtual reality. Cyber-physical systems integrate computational and physical processes.
Built-in computers connected in networks monitor and control physical processes, usually with
feedback, where physical processes affect calculations and vice versa—the results of calcula-
tions are used to shape physical processes (Gontarz, 2015; Deloitte, 2015).

Today, widely used in factory halls, automated workstations will be turned into inte-
grated systems that exchange information constantly. We can, therefore, confidently say
that we will deal not so much with automated production lines, but with intelligent and
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robotic factories. An element of this integrated environment are also supposed to be peo-
ple who cooperate with special ‘social’ robots by jointly performing tasks. Together, they
consist of more effective activities in the production process, the course of which will de-
pend on the results of the ongoing analysis of information (Schwab, 2016, p. 78).

A lot of modern technologies and solutions will be needed for the future factory to function
efficiently, which is why special programmes for the so-called digital production—digital
manufacturing exist. They give the opportunity not only to model the parameters of indi-
vidual products, but also to test the behaviour of the entire production line in a virtual envi-
ronment. Thanks to this, it is possible to simulate various variants of production, taking into
account selected factors and parameters, starting from the influence of stresses and pressures
in individual components, or noise level of designed mechanisms, to the effects of applying
legal regulations, for example related to environmental protection (Dmowski et al., 2016).

The prospect of integrating digital production systems with ERP class systems will allow
verification of loads and parameters on the production line depending on the market situa-
tion, for example—seasonal changes to the demand for manufactured goods or forms of co-
operation with contractors. Then, it will be possible to test numerous models of the factory’s
operation and indicate the optimal variant (Iwanski and Gracel, 2016).

It is worth noting that autonomous robots, able to perform tasks entrusted to them, and
what is important, learn new skills, also from a human, will become more and more impor-
tant. They will not work, as before, only on independent, individual workstations, but also
in integrated systems and configurations created for the needs of a specific order. It will be
possible thanks to advanced computer solutions allowing for quick reprogramming of both
individual robots and entire networks (Jaworowska and Pigtek, 2017).

An important issue without which it would not be possible to develop Smart Factory is
Information Technology (IT), which is the whole of issues, methods, measures and activi-
ties related to information processing. It combines applications of information technology
and telecommunications, also includes computer hardware and software, as well as tools
and other techniques related to the collection, processing, transmission, storage, security and
presentation of information. It provides the user with tools through which he can obtain in-
formation, select it, analyze it, process it, collect it, manage it and transfer it to other people
(Schoning, 2018, p. 121).

All IT systems operating in Smart Factory will be integrated. At the same time, all appli-
cations will be linked to support for production processes, management and business opera-
tions, contacts with customers and contractors. Subsequent data processed in them will be
simultaneously analyzed, including also based on Big Data solutions. As a result of connec-
tion with digital simulation it will allow to test the settings of the production apparatus before
the actual changes in its software have already been made (Jaworowska and Pigtek, 2017).

The access to many data will be possible thanks to the use of a very large number of sensors
in the IIoT Industrial Internet of Things network. These sensors will be used, among others,
for efficient communication between manufactured components and robots involved in their
processing, and as a result for controlling production processes. Information from sensors
controlling real-time work of individual parts and subassemblies will ensure even better use



Factory technologies of the future—automation and digitalization of production... 55

of the potential of production machines. The possibility of predicting any damage or failure
will help to reduce downtime on the production line (Gontarz, 2015).

In Smart Factory, the so-called systems of augmented reality will also find application. In
the future, they will help employees find the right parts in the warehouse and make the an-
ticipated repairs. The machine manual will be able to be sent via mobile devices or displayed
directly on the subassemblies of the repaired device. Undoubtedly, it will facilitate and ac-
celerate decision making and will streamline all procedures related to the performance of ap-
propriate activities. In order to shorten the machine downtime, service teams will be able to
use on-site 3D printers to perform some spare parts. These printers can also be used in the
manufacturing process to produce products with more complex shapes or complex connec-
tions, thus reducing their mass (Gontarz, 2015).

The technologies and solutions used will allow for the production of very small batches
of products or a series of the same products, distinguishing themselves between individual
elements and ultimately even individual products for individual customer orders. The intel-
ligent factory will provide the ability to quickly change the configuration of the production
line in such a way that you can produce different, changing products on the same machines,
following the changing needs and preferences of customers (Jaworowska and Piatek, 2017).

Ultimately, the individual components of the intelligent factory will mutually determine the
best path to the production process by analyzing, exchanging and coordinating information be-
tween many components connected to the cloud (Cloud Computing), starting with the design,
production machine, through digital design and production management systems, until for sys-
tems supporting logistic support and business analytics. This will ensure greater flexibility of
production processes and the ability to quickly adapt them to the changing market realities, ex-
pectations of contractors and cooperators as well as individualized consumer needs. Finally, it is
to enable the transition to a new economic formula, based on the calculation of customer satis-
faction, and not just a calculation based on profit from the sale of goods (Dmowski et al., 2016).

2.3. Chances and dangers

Table 1 presents the opportunities and dangers posed by the introduction of the Industry 4.0
concept in enterprises in Poland.

Table 1. Opportunities and threats for the implementation of the concept Industry 4.0 in Poland

Chances Threats
Better meet consumer needs Reduction of jobs
Increase in productivity Incorrect staff qualifications
New jobs with high added value The outflow of parts of the industry from Poland
Innovative economy Reducing the competitiveness of Polish companies
Attractiveness for investors The advantage of foreign solutions providers 4.0
The development of new industries The disappearance of thriving companies
Decrease in production costs Large investment costs
Efficient use of materials and energy Digital exclusion of numerous groups of people

S ource: Authors’ own elaboration.
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Certainly, it should be admitted that the factories of the future will bring real benefits in
various areas of the company’s operation, allowing for better use of assets, even by reducing
downtimes, which will translate into increased productivity. At the same time, it will ensure
the optimization of production costs thanks to monitoring the condition of machines and the
costs incurred. The use of intelligent devices, digitally connected together, will allow for on-
going tracking of production processes and production of personalized products, in accord-
ance with the requirements of customers, thus translating into greater market competitive-
ness. Apart from non-productive aspects, it is worth mentioning even faster adaptation to
changing market requirements, shortening the time of designing and introducing new prod-
ucts to the market (Chrzanowski and Gtazewska, 2016).

Failure to participate in building Industry 4.0 will deprive Poland of the opportunities it
brings and at the same time can strengthen the threats it generates. The development of Smart
Factory in developed countries may result in the relocation of a part of production back, for
example to Western Europe, because Poland will no longer have a significant advantage
of labour costs. Negative consequences may be caused by the lack of action at the level of
the whole country. For example, new, well-paid jobs in an intelligent factory will require
completely different competences than those jobs that will be reduced. The lack of a prop-
erly tailored education system poses a risk of many vacancies with structural unemployment
(Brandt, 2016).

The Smart Factory concept is based on integrated processes which should improve both
flexibility and efficiency. Additionally, the idea of a smart production centre is very often
presented as an opportunity to improve sustainability. These goals, as well as the success-
ful implementation of the concept, may be accomplished thanks to vertical integration of
the participants within an enterprise, horizontal integration with external participants and
End-To-End Integration consisting of, amongst others, customers’ requirements, design
and product development and production engineering which facilitates product re-use at
each stage (Wang, Wan, Li and Zhang, 2016).

It is worth noting that along with the proliferation of communication and the use of stand-
ard communication protocols originating from Industry 4.0, the threat against cyber attacks
is also growing, which is why the need for security of key systems and production lines will
be so important. As a consequence, the assumption of cyber security will be the reliability of
communication and advanced user identification systems that grant or deny access to devices.

Effective implementation of the Industry 4.0 concept can bring benefits for the entire econ-
omy and individual regions, which can be a strong development impulse for companies.

3. Survey research

The purpose of the survey was to identify the approach to the concept of Industry 4.0 in
enterprises located in Wielkopolska. The study carried out in electronic form was quantita-
tive and qualitative. The survey conducted in the period from November 18 to November 26,
2018, involved 40 companies (including 17 with foreign capital and 23 with Polish capital).
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Only three plants have never dealt with the Industry 4.0 concept. Figure 2 presents informa-
tion about the size of the surveyed enterprises due to the number of employees. The research
involved 19 large, 8 medium, 6 small and 7 micro plants.
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Figure 2. Size of companies participating in the survey

Source: Authors’ own elaboration based on surveys.

In the next question, the type of industry to which the surveyed companies belong
(Figure 3) was defined. The largest number of enterprises, as many as 20 represented the elec-
tromechanical industry, 3 light, food and chemical industries, 1 wood and paper industry, and
10 other industry (IT, services, and education).

Other industry

Wood and paper industry
Food industry

Light industry

Chemical industry

Electromechanical industry

B Number of respondents

Figure 3. The type of industry of enterprises participating in the survey

Source: Authors’ own elaboration based on surveys.
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For 35 enterprises, Industry 4.0 is a very important issue, which is why in the next ques-
tion the entrepreneurs were asked whether they connect their future with the development
of the technology of the discussed concept. The same number of surveyed companies (35)
associates their future with the development of technology, 3 do not plan to develop, while
2 large enterprises have not yet determined whether there will be a development process in
this direction.

Using the Chi square test, it was noticed that there is a significant relationship between the
company size and the assessment of the perception of the Industry 4.0 impact. The depend-
ence is statistically significant at the significance level of 0.05. This relationship exists even
for p=0.02. The strength of this compound was also determined by using the Cramer coef-
ficient. With a 2% error, it can be assumed that the relationship is statistically significant and
is shaped at the medium level.

In the further questionnaire survey companies were asked who have implemented the In-
dustry 4.0 concept or plan to do it about the most important factors affecting the implemen-
tation of innovation. To the most important premises, the respondents ranked the clients’
expectations (77%) and the internal policy/ mission of the company (60%). The third very
important factor is the threat to the market position (41%), and then the possibility of receiv-
ing subsidies (21%). The indicated answers are shown in Figure 4.

Cost optimization
Company development
Threat to market position

The possibility of receiving a subsidy

Internal policy/ company mission

Customer expectations

0% 20% 40% 60% 80% 100%

B % of respondents

Figure 4. Factors influencing the implementation of innovation

S ource: Authors’ own elaboration based on surveys.

In the final phase of the survey, the most common activities applied to implement product
innovations were asked. And among 40 companies surveyed, the main activity was indicated
by investments in new or significantly improved machines, devices or software. The second
very important activity is the improvement of employees’ competences through trainings
(Figure 5).
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Creating Start-Up

None of the above/ | don't know

Purchase of licenses, patents, copyrights, industrial
designs

Cooperation with the scientific centre

Cooperation with a supplier or independent export of
innovation

Cooperation with a technologically advanced customer

Increase in expenses for the purchase of new or
significantly improved machines, devices or software

Increased employee competences through training

0 2 4 6 8 10 12 14 16 18 20 22 24
B Number of respondents

Figure 5. Ways of implementing product innovations by enterprises participating in the survey

S ource: Authors’ own elaboration based on surveys.
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Figure 6. The degree of influence of factors inhibiting the development of new technologies

Source: Authors’ own elaboration based on surveys.
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The last question that has been asked to the respondents concerned barriers to growth in
the company and their significance (Figure 6). The most important factor is the inability to
acquire qualified specialists. The average impact is the fear of the risk of losing the money
invested and the lack of sufficient competence of the staff. Negative legislative solutions and
the lack of incentives from public authorities are of minor importance.

4. Conclusions

Taking into account the overall survey results, it can be concluded that the Industry 4.0
concept is not a foreign topic for Wielkopolska entrepreneurs. The idea of the concept begins
to gain significance in both large and micro companies. Entrepreneurs realize that if they
want to exist on the market, they must constantly evolve towards automation and digitiza-
tion. It should be noted that the main factor behind the introduction of the Industry 4.0 con-
cept is the response to customer expectations. Among the ways of implementing innovations,
the funds were exchanged for new or significantly improved machines, devices or software,
as well as for improving employees’ competences through training. When analyzing factors
hampering development, attention should be paid to the answers indicating the lack of suf-
ficiently educated employees.

On the basis of the study, it can be stated that people are the most important resource that
modern enterprises have. Highly qualified specialists nowadays are the highest good.
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Technologie fabryki przysztosci — automatyzacja i cyfryzacja produkgji
w aspekcie koncepcji Przemystu 4.0

Abstrakt: Celem niniejszego artykutu jest zaprezento-
wanie czytelnikowi koncepcji Przemystu 4.0 jako nowo-
czesnej idei wprowadzajacej przedsigbiorstwa w nowa
er¢ informatyzacji i robotyzacji. Koncepcja ta dotyczy
roznych obszaréw funkcjonowania organizacji jako ca-
tosci, wspomaganych inteligentnymi systemami ufa-
twiajacymi podejmowanie decyzji oraz automatyzacja
poprawiajaca wydajnosé i jakos¢ pracy. Idea Przemystu
4.0 jest koncepcja wyltaniajaca sie, dlatego istnieje wiele
obaw dotyczacych tego, czy stanowi ona szans¢ dla
przedsigbiorstw, czy by¢ moze jest raczej zagrozeniem.
W ponizszej pracy przedstawiono zatozenia koncepcji
Przemystu 4.0 oraz opracowano wyniki badania ankie-
towego odno$nie do stanu $wiadomosci i przygotowa-
nia przedsigbiorstwa do wdrozenia koncepcji Przemystu
4.0. Celem badania ankietowego byto rozpoznanie po-

dejscia do nowej koncepcji w przedsigbiorstwach zloka-
lizowanych na terenie Wielkopolski. W ankiecie wska-
zano wielko$¢ firm bioracych udziat w badaniu oraz
rodzaj przemystu, do ktérego one naleza. Nastepnie za-
prezentowano, jakie zdaniem tych firm istnieja czynniki
wplywajace na rozwdj innowacji oraz sposoby ich wdro-
zenia w przedsigbiorstwach. Bardzo istotne jest rowniez
wskazanie realnych barier hamujacych rozwoj w firmie
oraz wielko$¢ ich wptywu. Na podstawie uzyskanych
wynikow badania ankietowego mozna stwierdzi¢, ze
czynnikiem motywujacym do dziatan w kierunku roz-
woju sa przede wszystkim oczekiwania klientow oraz
che¢ dalszego istnienia na rynku. Natomiast najwazniej-
szym zasobem, w ktory przedsigbiorstwa chcg inwesto-
wac, sa ludzie, ktorych wiedza i doswiadczenie sa nieza-

stapione przez maszyny.

Stowa kluczowe: Przemyst 4.0, smart factory, systemy cyber-fizyczne, internet rzeczy
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