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Abstract

Changing market conditions, the emergence of new technologies and new solutions make it necessary
to introduce changes in enterprises. One of the changes that enterprises have to face is Revolution 4.0, also
known as industry 4.0. It is more difficult in enterprises of the metallurgical industry due to the specificity
of production and technology, but also old technological equipment, no employees, no base for foreign
employees. The main goal of this paper is to evaluate SMEs from the metal industry in terms of their ability
to overcome the barriers they face during implementation of Industry 4.0 assumptions and principles. In the
research the current state of the metallurgical enterprises from the SME sector and the problems they have
to face taking into account the assumption of the Industry 4.0.
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1. INTRODUCTION

The market demand for metal products, invariably for many decades, is very high, and the competitiveness
of enterprises in the metal industry forces the introduction of very large changes in both the method
of enterprise management and production control. These changes result not only from the dynamic
development of new technologies, but also from the way processes are organized [1,2]. Enterprises taking
care of their market position are already striving to introduce new management principles based on the
assumptions of sustainable development (care for raw materials and the environment), as well as the principles
respected by Industry 4.0 and even 5.0. The most important factors that determine Industry 4.0 include the
smoothness of production based on interoperability [3-6]. According to the assumptions, companies that want
to compete in the market created by Industry 4.0 must first of all ensure an appropriate level of information
transparency in relation to the automation and robotization of production. Quick access to data and the ability
to react immediately can largely affect the efficiency and flexibility of processes and the competitiveness
of new products introduced to the market. Many companies in the metal industry, despite the need to change,
still use old technologies, the effectiveness of which is unquestionable [7,8]. And they are still reluctant to face
the industrial revolution. Any changes, both organizational and technological, regardless of the way in which
they are introduced, face numerous barriers. In the world literature, research and descriptions relating
to barriers to modern solutions and technologies are widely discussed. In general, there are many groups
of barriers, and the most common are: technological, economic, social and mental. These areas are the key
elements that require reflection when implementing changes in the operating strategy of the metal industry.
It is obvious that the strength of the barriers in enterprises from the metal industry is characterized by a specific
set of factors that are presented in Table 1. However, there are theories that openness to Industry 4.0 leads
to the perception of higher barriers. Additionally, the knowledge and willingness to acquire the skills
to overcome the economic barrier often result in a strong improvement in results [9-12].
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Table 1 Types of barriers causing resistance to the implementation of modern principles and solutions
in SMEs from the metallurgical industry

BARRIER TYPE A SET OF FACTORS THAT SHAPE THE BARRIER

- Ignorance of new technologies
- No innovative approach
- Relying on old technologies
TECHNOLOGICAL - Lack of competence in the field of innovation
- Lack of knowledge in the field of new technologies
- Technology portfolio insufficiently developed
- Old appliances — data cannot be digitized
- No cooperation in the field of open engineering, etc.
- Insufficient financial capital
- Lack of financial liquidity
- The need to use expensive technologies
- Obsolete devices that require large financial outlays
- No application for development grants etc.
- Lack of knowledge and competence of employees
- No training or workshops for employees
- Not investing in staff development
SOCIAL / METAL - Fear of unknown and unexplored technologies
- Reluctance to novelty
- No incentive system
- Lack of acceptance by the crew etc.

ECONOMIC

In addition to the factors constituting some kind of resistivity in the area of implementing changes should also
be taken into account. The ease of overcoming difficulties, as it is known, may be determined by the company's
capital, management effectiveness (efficiency of management systems), competences of employees and
management, the motivation system, technological position of the enterprise, management principles and
policies, etc. [13,14]. It is obvious that it is much easier to overcome all barriers by large enterprises
(corporations, etc.) than by small and medium-sized enterprises (SMESs), and even more by micro-enterprises
[15-18]. The main goal of this paper is to evaluate SMEs from the metal industry in terms of their ability
to overcome the barriers they face during implementation of Industry 4.0 assumptions and principles.

The subject of the article is primarily of interest to technologists [19, 20] and automotive engineers [21,22], but
also should be inspiring for biotechnology industry [23,24], quality engineers [25-27] and people dealing with
environmental optimization [27,29]. The collected information is potential valuable source for methodologists
dealing with process organization and optimization [30,31].

2. METHODOLOGY

The presented research results are part of a larger research project related to the implementation of Industry
4.0 in various SME enterprises in Poland. In the paper the results for metallurgical enterprises from the SME
sector in southern Poland were presented. It is possible to indicate the level of preparation of enterprises for
the implementation of Industry 4.0 and the main problems that these enterprises have faced in this process.
The research was conducted in January-December 2020 in 139 enterprises.

The research was divided into two parts. Initially, enterprises were asked to evaluate the current state, this
part took the form of a survey form. At the beginning, representatives of these enterprises evaluated the level
of automation and robotization of individual operations on a scale of 1-5, where 1 meant manual-machine
processes, 5 - full automation and robotization. For the purposes of this paper, the following transformation
of the ratings was made: 1 - 0.1; 2 -0.3; 3-0.5; 4 - 0.7; 5 - 0.9 (Figure 1a). Then, the respondents were
supposed to indicate whether the instruments and methods are used in their enterprise by selecting one of the
following answers: | do not know, no, sometimes, yes. In this case, the transformation was as follows: | don't
know - 0.1; no - 0.3; sometimes 0.7; yes - 0.9. (Figures 1b-1d). The results are presented in the form of radar
charts. The second part of the research was in the form of a direct interview, where the same representatives



METAL

2021

May 26 - 28, 2021, Brno, Czech Republic, EU

were asked to indicate the biggest problems that are encountered during the implementation of individual
assumptions of Industry 4.0. These results are presented as bar graphs.

3. RESULTS AND DISCUSSION

The level of automation and robotization of individual operations in the production process was presented in
Figure 1. The highest level of automation and robotization was recorded in the case of production operations
(0.4), yet it cannot be assessed as high, which means that on average, in the metallurgical industry companies,
machine production can be found more often. It is related to the specifics of the industry. Many technologies
have been used for many years. The current state of the enterprises was presented in Figure. It can be seen
that many enterprises use product modelling programs or modelling production processes programs, which
makes it easier to plan and organize the production process. Many companies also use identification of
products, tools and materials in the system, which eliminates wasted time.
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Figure 1 (a) The level of automation and robotization of individual operations; (b), (c), (d) Assessment of the
current state in the research enterprises

There have been many problems related to the various solutions used in Industry 4.0 (Figures 2-4). When it
comes to the automation and robotization of individual processes, the respondents primarily indicated the need
to employ foreign employees, too old and incompatible equipment. There is a problem with employees on
Polish market cause by the fact that many specialists moved to other countries, for example Western
European. So Polish enterprises, also from metallurgical sector, need to search for employees from abroad.
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But at the same time other problems appear e.g., language barriers or lack of infrastructure for those people.
If it comes to old equipment, to introduce automation and robotization there is a need to change also current
machines, because they are so old that they do not want to collaborate with the newest solutions.

If it comes to problems indicated in Figure 3, one should pay attention to high cost of acquiring specialist,
language problems of foreign employees, continuous staff rotation and no adequate monitoring equipment.
Again, it is possible to observe to problem with staff which is very common in Poland. New employees need
to learn how to conduct individual operations, very often they need special courses. The problem is not only
problem with language but also additional cost if the enterprise needs to train new employees over and over
again. Lack of monitoring equipment means not enough money to buy it.

The enterprises also encounter many problems when implementing various types of production tools and
systems (Figure 4). Between the problems it should be mentioned resistance of employees to changes,
continuous staff rotation, language barriers for foreign employees and lack of pull system.
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Figure 2 Obstacles associated with increasing the level of automation and robotization of different processes
in enterprises
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Figure 3 Problems with monitoring processes, documenting and selling data and their use in the field of
process improvement and optimization, and with monitoring and supervision over the material, product and
tool during the process
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Figure 4 Problems when implementing various systems

The last element is needed in case of many production systems but is connected with big changes
in production organization. Problems with employees are difficult to solve. Often, with many types of change,
employees are against, because they are afraid of the new solutions. It is also hard to make changes
if employees are constantly struggling or have language problems. All this is not conducive to revolutions.

4. CONCLUSION

Introducing changes in any enterprise is very difficult, but inevitable. Industry 4.0 brings a lot of modern
solutions that are not only to facilitate the production process, but also to introduce many organizational
changes. These changes are a big challenge for metallurgical enterprises from the SME sector due to the level
of their automation and robotization as well as the financial resources available. In the paper several problems
faced by the metallurgical industry, with an emphasis on small and medium-sized enterprises, were indicated.
Between them, it should be mentioned old technologies and the lack of automation and robotization of
processes. As a result, it is difficult to use the latest solutions that would be compatible with the technical
equipment that is in the enterprise. Another problem is the lack of specialists in the labor market. The constant
rotation of employees, and a large outflow of Polish employees to Western Europe meant that Polish
enterprises have to look for foreign employees, most often from the East. Unfortunately, there are language
barriers, there is no adequate infrastructure for these employees, they need to be trained, sent to additional
specialist courses, which, unfortunately, is associated with high costs. This means that these enterprises do
not have the simple path of transformation to Industry 4.0, it is related to the economic factor and the human
factor.
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