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Abstract: An analysis of directional activities in Poland and Germany towards the implementation of
Industry 4.0 was carried out by comparing the common sustainable development features. The value
of production sold along with the benefits of its implementation are presented. The transformation
map was characterized along with development areas and potential directions of automation and
robotization. Technological possibilities were assessed, considering the production of robots. The
execution of activities aimed at implementing solutions in the field of Industry 4.0 in Poland was
indicated. The key information gleaned in this study is the awareness of the implemented features
proving the fulfillment of conditions relating to Industry 4.0. Action towards the sustainable replacement of machines that require repair or regeneration is significantly related to thinking towards
rationalizing the actions taken and assessing the financial capabilities of companies so as not to lead
to their collapse. The article presents original research on the characteristics of selected production
companies in Poland and Germany striving for digital maturity and the results of our hypotheses.
The key direction should be activities aimed at developing a coherent strategy, the proper selection
and evaluation of managers, focusing on communication, and the pursuit of intelligent products by
creating appropriate integration standards that facilitate the implementation of an innovative process
generating modern technologies.
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1. Introduction
Industry 4.0 is an important concept in the development of European states in response
to the strong expansion of the USA and China into the global market. The enterprises of the
Old Continent are stimulated to develop towards advanced automation and robotization
in order to remain competitive in the global circulation of goods and services. In Poland,
Industry 4.0 is the basic direction of transformation of Polish enterprises [1]. The need
for change is key in development, innovation [2], and the ability to achieve success [3].
This allows for the creation of products individually tailored to the customer [4], flexible
functioning in the market, and enhanced decision-making procedures. Growing shortages
and the associated price increases for resources and social change in the context of ecological
aspects [5] require a more intensive focus on sustainable development in industrial contexts.
This goal is the economic and ecological increase in productivity [6]. The pursuit of
digitization towards sustainable development becomes of key importance [7]. It seems
natural that this action is also subject to risk or may indicate some kind of uncertainty [8,9].
The key to producing affordable, high-quality goods is the use of an advanced process
control structure and their full control. This means that all sensors, machines, and robots
in technology are connected by a network to the IT layer, where data are collected [10].
Then, they are transferred to the computing cloud, where they are subject to another form
of digital processing. This is how flexible production is created.
It is worth emphasizing that people are irreplaceable in the manufacturing industry,
if only because of the changing preferences of customers, which is associated with the
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need to constantly adapt the offer to the customer’s needs [11]. Profit maximization in an
enterprise is based on competitive activities [12–14].
The following research problems were set:
(1)
(2)
(3)
(4)
(5)

What are the directional measures for Industry 4.0, taking the example of Poland
and Germany?
What are the areas of development based on the transformation map and potential
directions of automation and robotization?
What is a reliable source indicating technological development? Do automation and
robotization indicate development in this area?
What is the awareness of the implemented features that confirm the fulfillment of
conditions relating to Industry 4.0?
Are there any activities aimed at the sustainable replacement of machines that require repair or regeneration related to rationalization of undertaken activities and
assessment of the financial possibilities of companies so as not to lead to their collapse?

2. Materials and Methods
The first part of the article presents the characteristics of the industry, presenting
individual countries with reference to the value of product sales. The study concerned
two countries, Poland and Germany, and their implementation of Industry 4.0 compared
to other countries of the European Union. A comparison of common features of the
two countries was performed—namely, Industry 4.0 and sustainable development. We
examined the beginning of the industry from 2.0 and 3.0 and the benefits of development
tools of Industry 4.0, along with the achievable model of digital maturity.
We also developed a graphical presentation of the value of industrial production
sold in selected countries in 2020. The key common features related to Industry 4.0 and
sustainable development were compared.
In this paper, we discuss Industry 4.0 along with the benefits of its implementation.
The transformation map is presented as a road map to Industry 4.0 striving for digital
maturity of the enterprise, along with the characteristics of development areas and potential
directions of automation and robotization.
The technological possibilities were analyzed taking into account a 10-year period.
The already fulfilled technological innovations in the form of robotic production have
been considered key and reliable. The data are presented on a global scale and broken
down into selected countries, along with a forecast of an upward trend until 2024. The
execution of activities aimed at implementing solutions in the field of Industry 4.0 in Poland
was assessed.
The next stage was the implementation of original research presenting the characteristics of selected production companies striving for digital maturity in Poland and Germany,
and the verification of the hypotheses along with the results.
On the basis of the research problems posed, the following hypotheses were composed:
Hypothesis 1 (H1). There are significant differences in how employees perceive the development of
industry 2.0, 3.0, and 4.0.
Hypothesis 2 (H2). Polish manufacturing companies are less focused on industrial evolution than
German companies.
Hypothesis 3 (H3). A German manager shows instructions to employees more often than
in Poland.
Hypothesis 4 (H4). A German manager sets goals at work more often than in Poland.
Hypothesis 5 (H5). Polish and German managers define the rules of work to an equal extent.
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Hypothesis 6 (H6). The linear production process applies to both Poland and Germany.
Hypothesis 7 (H7). Sub-suppliers in the supply chain are implemented to a greater extent in
Germany than in Poland.
Hypothesis 8 (H8). Algorithms making autonomous decisions in Germany are more complex than
in Poland.
Hypothesis 9 (H9). Decision making by employees in manufacturing companies is at the same
level in both analyzed countries.
Hypothesis 10 (H10). The role of the IT system in the decisions taken is realized to a lesser extent
in Germany than in Poland.
Hypothesis 11 (H11). The realization of the finished product is comparable in both analyzed countries.
Hypothesis 12 (H12). In both analyzed countries, it is possible to obtain a finished product with
its usefulness.
Hypothesis 13 (H13). Employees are jointly responsible for making decisions at a uniform level in
both analyzed countries.
Hypothesis 14 (H14). Employees improving algorithms implement these activities to a greater
extent in Germany than in Poland.
Characteristics of the Industry and Its Development in the Context of Industry 4.0
The chart below presents the share of the value of production sold by individual EU
member states in 2020. Six countries generated three-quarters of the value of marketed
production—around 80%. Germany had the highest value of sold production (30% of the
European Union), followed by Italy with around 20%, France and Spain with slightly more
than and less than 10%, respectively, Poland with 5%, and The Netherlands with less than
3%. The remaining 21 EU member states contributed less than The Netherlands.
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The value of sold production of industry according to selected countries is presented
in Figure 1.
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When analyzing the production sectors, we noted that Slovakia relied on transport
activities, which accounted for 53% of the total value of production sold in the country in
2020, followed by Greece (43%), Hungary and the Czech Republic (30% each), The Netherlands (36%), and Spain (30%), and then Bulgaria, Croatia, France, and Belgium with
around 30% each.
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Figure 2. Sustainability density of key features [16].

The key analyzed function is Big Data, which is least related to the concept of sustainable development. It seems obvious that technical key functions such as Big Data, Internet
of Things, and cyber-physical systems occupy lower percentages.
The basis for applying for financing is the Industry 4.0 [17] roadmap. It should
include a diagnosis of administrative and production processes, business models, and
areas of potential for transformation [18]. A roadmap is nothing more than a plan of
changes that must be implemented in the enterprise to achieve digital maturity and obtain
advanced production methods [19]. The full potential of Industry 4.0 comes to life when its
development tools are used together, as shown in Figure 3 below.

Sustainability 2022, 14, 3848

ternet of Things, and cyber-physical systems occupy lower percentages.
The basis for applying for financing is the Industry 4.0 [17] roadmap. It should include a diagnosis of administrative and production processes, business models, and areas
of potential for transformation [18]. A roadmap is nothing more than a plan of changes
that must be implemented in the enterprise to achieve digital maturity and obtain ad5 of 25
vanced production methods [19]. The full potential of Industry 4.0 comes to life when its
development tools are used together, as shown in Figure 3 below.

Figure 3.
3. Development
Developmenttools
toolsof
ofindustry
industry 2.0,
2.0, 3.0,
3.0, and
and 4.0
4.0 [20,21].
[20,21].
Figure

Industry4.0
4.0isisbased
basedononnine
nine
technological
pillars
[22].
These
innovations
connect
Industry
technological
pillars
[22].
These
innovations
connect
the
the
physical
and
digital
worlds
and
enable
the
creation
of
intelligent
[23]
and
autonomous
physical and digital worlds and enable the creation of intelligent [23] and autonomous
systems [24].
[24]. Businesses
Businessesand
andsupply
supplychains
chains[25]
[25]already
alreadytake
takeadvantage
advantageof
of some
some of
of these
these
systems
Sustainability 2022, 14, x FOR PEER REVIEW
6 of 26
advanced
technologies
[26].
advanced technologies [26].
The benefits
benefits of
of implementing
implementing Industry
Industry 4.0
4.0 are
are presented
presented in
in Figure
Figure 4.
4.
The

Figure 4. Cont.

Sustainability 2022, 14, 3848

6 of 25

Sustainability 2022, 14, x FOR PEER REVIEW

7 of 26

Figure 4.
4. Benefits
Benefits of
of Industry
Industry 4.0
4.0 [27–37].
[27–37].
Figure

The road map to Industry 4.0 is about transformation. It defines the digital maturity
The road map to Industry 4.0 is about transformation. It defines the digital maturity
of
a
company
alongwith
withthe
thecharacteristics
characteristicsofof
development
areas
potential
directions
of a company along
development
areas
andand
potential
directions
of
androbotization
robotization[38].
[38].
of automation
automation and
The
tool
was
built
taking
into
account
Industry
4.0 aspects
of enterprise
The tool was built taking into account
thethe
keykey
Industry
4.0 aspects
of enterprise
devel- development.
It
enables
the
identification
of
the
stage
of
a
company’s
development
in sevopment. It enables the identification of the stage of a company’s development in several
eral
dimensions
based
on three
pillars:
organization,
processes,
and technologies.
dimensions
based
on three
pillars:
organization,
processes,
and technologies.
FigureFigure
5
5reflects
reflects
Industry
in terms
of the
digital
maturity
model
Industry
4.04.0
in terms
of the
digital
maturity
model
[39]. [39].

Figure 5.
5. Model
Model of
Figure
of digital
digitalmaturity
maturity[40,41].
[40,41].

The role of model study is to determine the current state of digital maturity of an
enterprise and show the challenges and the scope of necessary changes, the implementation of which will allow the company to become an organization compliant with Industry
4.0 standards [42].
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Figure 6 shows an upward trend in the operational stock of industrial robots worldwide even in the time of the COVID-19 pandemic. A similar situation (although to a much
lesser extent) applies to annual installations of industrial robots worldwide (Figure 7). The
period of the pandemic allows for the conclusion that the use of innovative solutions
based on the technology of Industry 4.0 robots will not lead to an increase in the unit costs
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Figure 8. Robot density in the manufacturing industry, 2020 (robots installed per 10,000 employees) [43].

In Figure 8 above, there are countries that notably outperform the average score by at
least 30%. The most was recorded in Korea (as many as 932 robots installed). Singapore
had over 300 fewer robots than Korea, with 605 total, putting it in second place. It is worth
presenting two more, Japan with 390 robots, and Germany, with 371.
According to Figure 9, the forecasts indicate that by 2024, production (the use of robots)
is to increase by at least 1.5 times.
Figure 10 shows the number of robot installations by country. Japan is in the lead, then
the United States, Korea, and finally Germany.

In Figure 8 above, there are countries that notably outperform the average score by
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Future research directions may also be highlighted. Germany, Singapore, and South
Korea are at the forefront of industrial digitization. High-ranking country strategies can
be replicated in newly digitizing countries [46]. The manufacturing, energy, logistics, and
mining sectors will become more efficient as a result of this digitization—a process that is
attracting
interest installations
in countries of
around
the world.
and Asia
Figure
10. Annual
industrial
robots Europe
(1000 units)
[45]. are global leaders. Of
the top 10 scorers, four were European countries and four were Asian countries. The highly
rated countries have innovative policies, investment programs, and training programs that
can be replicated [47].
The key is the opinion of representatives of manufacturing companies from Poland on
Industry 4.0 and technology, as well as their needs and challenges. PSI Polska conducted
a market study that covered large- and medium-sized manufacturing companies. As
part of the study, called “Readiness of manufacturing companies to implement Industry 4.0
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solutions” [48], PSI Polska conducted telephone interviews using the CATI technique with
decision makers from 228 enterprises operating in four sectors: machinery and equipment,
cars and transport equipment, furniture, and metal products.
The aim of the study was to determine the current state of digital maturity of an enterprise and show the challenges and the scope of necessary changes [49], the implementation
of which will allow the company to become an organization compliant with Industry 4.0
standards (Table 1).
Table 1. The status of activities aimed at implementing solutions in the field of Industry 4.0 in Poland.
The Course of Action

Communication [50]

The Implementation Process
Project teams rarely communicate with each other.
Communication is only informal and
uncoordinated. The role of communication
channels through collaboration tools on
separate/one-off tasks and projects has been
reduced to one-time contacts.

Sales service
solution [51]

Sales communication with customers takes place
via traditional (offline) channels, and the
technological level does not allow for
personalization of content, communication
channels, offers, and products.

Solution implementation strategy [52,53]

Building a strategy is not considered an important
goal in the company’s current or future plans.

Scope of operation [54]

A long-term strategy and an appropriately
adjusted management model have been
implemented in at least one area of activity.

Training [55]

We do not train our employees. We train our
selected employees when the situation in the
market and the company require it. We have a
training program focused on the continuous
development of employees’ skills.

Knowledge [56]

The Management Board does not have an
established and full knowledge of the latest
solutions and is unable to implement them
effectively.

Processes [57]

The processes are managed centrally and
implemented by ad hoc methods by employees,
without the use of advanced IT systems.

Planning [58]

No resource planning and production processes.

Product life cycle [59]

No product life cycle management.

Based on the market research conducted by PSI Polska and our own research, a
result (descriptive) model was designed towards the necessary activities related to the
implementation of Industry 4.0 (Figure 11).
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The ratios of surveyed industrial processing, transport, and warehouse management
enterprises were similar in Poland and Germany. The subjects of the study were employees of selected production enterprises in Poland and Germany.
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The ratios of surveyed industrial processing, transport, and warehouse management
enterprises were similar in Poland and Germany. The subjects of the study were employees
of selected production enterprises in Poland and Germany.
Based on the available literature on the subject, model features characterizing individual types of industry 2.0, 3.0, and 4.0 were established, as presented in Table 2.
Table 2. Features indicating the pursuit of process maturity.
Feature of the Industrial System
Manager giving the instruction
Manager who sets goals
Rule-modeling manager
Detailed instructions
Employees co-responsible for making decisions
Employee correcting algorithms
Linear production process
Sub-suppliers in the supply chain
Algorithms making autonomous decisions
Decision-making workers
IT system role of decision

Industry Symbol
2.0
3.0
4.0
2.0
3.0
4.0
2.0
3.0
4.0
2.0
3.0 and 4.0

Questions for respondents were intentionally mixed in so as not to suggest an answer.
Thanks to this, we can obtain greater credibility of the respondents.
When carrying out the analysis, Wilks’ lambda initial research method was used to
assess the condition of companies’ preparation for the implementation of Industry 4.0, and
to verify whether the other elements were implemented. The statistical calculations are
presented in the Table 3 below [65].
Table 3. Statistical calculations.
Symbol

LM

L

R

La

Ra

γ

a
b
c
d
e
f
g
h
i
j
k

−0.000007
0.000007
−0.000060
−0.000126
−0.000409
−0.000048
0.000046
−0.000048
0.000011
−0.000018
−0.000156

−0.509717
−0.463675
−0.176912
−0.079147
−0.408031
−0.192245
−0.168155
−0.192245
−0.286173
−0.230622
−0.041691

0.440196
0.442439
0.101189
0.068855
0.010635
0.153955
0.150302
0.153955
0.271334
0.283073
0.058960

−8.426
−8.383
−36.654
−53.866
−348.799
−24.091
−24.676
−24.091
−13.669
−13.102
−62.906

8.426
8.383
36.654
53.866
−348.799
24.091
24.676
24.091
13.669
13.102
62.906

((v1ˆ(−0.000007))−1)/(−0.000007)
((v2ˆ(0.000007))−1)/(0.000007)
((v3ˆ(−0.000060))−1)/(−0.000060)
((v4ˆ(−0.000126))−1)/(−0.000126)
((v5ˆ(−0.000409))−1)/(−0.000409)
((v6ˆ(−0.000048))−1)/(−0.000048)
((v7ˆ(0.000046))−1)/(0.000046)
((v8ˆ(−0.000048))−1)/(−0.000048)
((v9ˆ(0.000011))−1)/(0.000011)
((v10ˆ(−0.000018))−1)/(−0.000018)
((v11ˆ(−0.000156))−1)/(−0.000156)

LM, L, R, R, La, Ra -individual calculation phases presented in the figures below. γ—the result of calculations for
a given variant.

Signs from a to k were adopted, where a—manager giving the instruction, b— rulemodeling manager, c—detailed instructions, d—employees co-responsible for making decisions, e—employee correcting algorithms, f—linear production process, g—sub-suppliers
in the supply chain, h—algorithms making autonomous decisions, i—decision-making
workers, j- system role of decision IT, and k—finished product and final parameters of the
operation. Figures 14–20 present the results.
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Figure 14. Manager giving the instruction.

Managers giving precise instructions are a feature of Industry 2.0. The present research
indicates that Germany is closer to execution in over 80%, while Poland has less than 50%.

Figure 15. Finished product and final parameters of the operation.
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Ultimately, each product is ready and has final parameters for operation. There is an
8% difference between Poland and Germany, with Germany being dominant. This means
that in Germany, the pursuit of the assumed goal is more noticeable.

Figure 16. Sub-suppliers in the supply chain.

Sub-suppliers in the supply chain present an 18% difference, with the advantage of
Germany in relation to Poland. It turns out that Germany lacked 8% to complete the set
goal, and Poland was three times more. The orientation of sub-suppliers in the supply
chain is popular in Industry 3.0.

Figure 17. Employee correcting algorithms.
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Employee correcting algorithms are classified into Industry 4.0. Both in Poland and
Germany, they are at a high level, with a difference of 8% indicating the advantage of
Germany, which is missing 6% in total, and Poland is 4 times more short of it.

Figure 18. Linear production process.

The linear production process is attributed to Industry 2.0, where both in Poland and
Germany, it is at a similar level, with a difference of 1%, where in Poland, 34% is required
to implement the full assumption, and in Germany, 1% less.

Figure 19. Decision-making workers.
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Employees making decisions on their own are basically forced without adequate
remuneration (they have imposed competences) into Industry 2.0.
The term “decision-making workers” defines people who do not have competences
and are often delegated tasks (responsibility is imposed on employees for the implementation of most tasks). Poland has 18% more delegated tasks than Germany.
On the other hand, 8% is missing in the case of complete delegation of tasks.

Figure 20. Employees co-responsible for making decisions.

Employees co-responsible for making decisions are generally assigned to Industry
3.0, and this situation occurs to the greatest extent in Poland, with less than 2% to full
implementation, and in Germany, with as much as 24%.
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5. Discussion
Preparatory activities towards Industry 4.0 are based on the performance of an audit,
processes, analysis of existing resources, and analysis of existing
business systems.
Below is a descriptive model of the transformation to Industry 4.0 (Figure 21).
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Figure 23. Characteristics of decision variables for the implementation of Industry 4.0.
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Sustainability 2022, 14, 3848

21 of 25

The analysis of the factors determining the industry phase 2.0, 3.0, or 4.0 allowed us to
confirm or reject the declared research hypotheses.
The first hypothesis was confirmed, indicating that there are significant differences in
employees’ perception of the advancement of industry 2.0, 3.0, and 4.0, as was the second
hypothesis stating that Polish manufacturing companies are less focused on industrial
evolution than German companies. The third hypothesis was also confirmed, where
German managers almost twice more often indicate instructions to their employees than in
Poland, as was the fourth one stating that German managers more often than in Poland
define goals at work (almost a twofold difference).
The fifth hypothesis, that Polish and German managers define the rules at work
equally, was rejected—there are twice as many rules modeled by managers in Germany as
in Poland. The sixth hypothesis was confirmed, stating that the linear production process
applies equally to Poland and Germany. The seventh hypothesis was confirmed, specifying
a third more sub-suppliers in the supply chain in Germany than in Poland. The eighth
hypothesis was confirmed, indicating that the algorithms that make autonomous decisions
are more complex in Germany than in Poland. The ninth hypothesis, that the decision
making of employees in manufacturing enterprises is at the same level in both analyzed
countries, was rejected—decisions are made to a greater extent in Poland than in Germany.
The tenth hypothesis was confirmed, indicating that the IT system and the role of the
decisions made are realized to a greater extent in Germany than in Poland. The eleventh
hypothesis was rejected, indicating that the finished product is possibly comparable in
both analyzed countries, but with the advantage of Germany by a third. The eleventh
hypothesis was confirmed. In both analyzed countries, it is possible to obtain the finished
product and the final parameters of the operation, but with the advantage of Germany (8%).
The hypothesis that employees are jointly responsible for making decisions at a uniform
level in both analyzed countries was rejected. The hypothesis indicating that employees
who correct algorithms perform these activities to a greater extent in Germany than in
Poland—because in Poland, algorithms are modified (corrected) to a greater extent, which
in turn may indicate a greater scale of errors.
6. Conclusions
In this work, we examined activities that are focused on upgrading production systems
to Industry 4.0. The industry framework presented here is Industry 4.0, which defines how
various technologies at the intelligence level operate within the framework of automating
three production systems. We note that the future of the current production is moving
towards Industry 4.0.
Matching the offer to the customer’s needs is essential to achieve long-term success
without complaints or risk, similar to sustainable development.
The way to produce inexpensive, high-quality goods is to use an advanced pilot
process structure and its full control based on the ability to adapt and properly balance
individual activities. It can be seen that the number of robots installed in highly developed
countries is greater, which leads to the conclusion that people will be needed as a control
resource. Production trends (robotic installations) are increasing and will continue to
increase, especially until 2024.
The Digital Maturity Model Assessment Tool identifies screen elements that cannot be
bypassed, significantly impacting processes, technologies, and organizations. It is worth
emphasizing that in an organization, concerning leadership in the form of management, a
specific strategy and cooperation are important. This is the direction of technological aspects
in the field of connectivity, automation, and intelligent products. The processes are based
on the integration of the product life cycle with the environment and the standardization
of these processes. Determining the current state of digital maturity of an enterprise is
important in assessing the necessary changes that increase the chances of that company
implementing advanced technologies based on Industry 4.0.
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Not only modern technologies contribute to the development of Industry 4.0. Adaptability, talent, and management are crucial. The implementation of changes based on the
expansion of investments based on digital innovations is not enough to achieve success.
Adaptive skills as well as talent and management should be radically linked to modern
technologies, bearing in mind that basic management functions are an integral part of the
management process, i.e., planning, organizing, motivating, and controlling.
A likely suitable step towards assessing the maturity of the process is to compare the
global results with the unit results based on the robotic installation and purchase reports.
It may be that the COVID-19 pandemic has contributed to the growth of efforts towards
innovative technologies.
The key information is the awareness of the implemented features that prove that the
Industry 4.0 condition is met. Activities for the sustainable replacement of machines that
require repair or reconditioning are significantly related to thinking towards rationalizing
the activities undertaken and assessing the financial capacity of companies so as not to lead
to their collapse.
One of the first stages in the advancement of Industry 4.0 within companies should be
implementing activities aimed at developing a coherent strategy, properly selecting and
evaluating managers, focusing on communication, and pursuing intelligent products by
developing appropriate integration standards and implementing an innovative process,
ultimately generating modern technologies.
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