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Abstract: Industry 4.0 has brought about the interconnection of the physical, cyber and socio-economic worlds. Bringing these three worlds 

together creates a revolutionary approach that is a new trend not only in industry but also in other areas of the economy, thus pushing the 
economy and business forward. The concept of Industry 4.0 represents the interconnection of digitalisation and automatisation  with the use 

of smart technologies. The main benefit of Industry 4.0 is to produce tailor-made products where lower costs and shorter production efforts 
are the main values that will attract new customers and thus the profitability of industrial manufacturers will be significan tly affected. 

Implementing Industry 4.0 in an enterprise will enable efficient use of human and natural resources and raw materials. It will also partially 

reduce the demands on the environment and create better living conditions for future generations. The intention of the paper was to explain 
how the Industry 4.0 concept is changing the direction of the Slovak chemical industry. The main objective of the paper was to explicate the 

Fourth Industrial Revolution in the form of the Industry 4.0 concept in 44 companies operating in the chemical industry in Slovakia on the 
basis of a knowledge base and a questionnaire survey. 
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1. Introduction 

The Fourth Industrial Revolution is a new way of organizing the 

means of production, the processes and all the organizational 

structures of the manufacturing and service industries. Through 
applications derived from scientific progress and technological 

development, a new way of doing is formulated in the business 
environment. The Fourth Industrial Revolution involves a 

transformation of processes, objects and consumer goods, as well as 
the way to acquire them, through a sudden break with the old 

methods of production that flourished during the Third Industrial 

Revolution [1]. The Fourth Industrial Revolution, also labelled 
Industry 4.0, was beget with emergent and disruptive intelligence 

and information technologies. These new technologies are enabling 
ever-higher levels of production efficiencies. They also have the 

potential to dramatically influence social and environmental 
sustainable development [2]. The Fourth Industrial Revolution is 

also referred to as Industry 4.0. It represents the interconnection of 
multiplied distributed artificial intelligence and making it available 

to human operators. In more detail, the multiplied and distributed 

artificial intelligence can be explained by cyber-physical systems 
(CPS), which are computers with networks of small sensors and 

actuators that are installed as embedded systems in materials, 
devices and machine parts and connected via the internet [3]. The 

Fourth Industrial Revolution and the underlying digital 
transformation, known as Industry 4.0, is progressing exponentially. 

The digital revolution is reshaping the way individuals live and 
work fundamentally, and the public remains optimistic regarding 

the opportunities Industry 4.0 may offer for sustainability [4]. 

Industry 4.0 was coined by German’s group of mechanical 

engineers in the year 2011 to account for the widespread integration 
and adaptation of ICT in manufacturing industries [5]. The concept 

of Industry 4.0 originated in the 21st century in Germany. Its 
essence lies in the use of automation and digitalisation processes in 

industry, transforming existing factories into self-controlled and 
self-adaptive social and technical systems (smart factories) that 

enable the creation of intelligent value chains [6,7]. Digitalisation 

varies from country to country around the world. Companies in 
Japan and Germany are embracing digitalisation to improve their 

efficiency and product quality. In the United States, the trend is to 
develop new business models with the intention of leveraging 

digital offers and services and delivering these products and 
services digitally as quickly as possible [8]. The term Industry 4.0 

stands for the Fourth Industrial Revolution which is defined as a 

new level of organization and control over the entire value chain of 
the life cycle of products; it is geared towards increasingly 

individualized customer requirements [9]. 

The basis of Industry 4.0 is the intelligent, horizontal and 
vertical interconnection of people, machines, objects and 

information and communication systems in real time with the 

intention of dynamically managing complex systems [10, 11]. 

Industry 4.0 is characterised by the use of intelligent products and 

processes, enabling autonomous data collection and analysis, and 
interaction between products, processes, suppliers and customers 

over the Internet [12]. Industry 4.0 is associated with cyber-physical 
systems (CPS) that are integrated into manufacturing operations and 

with Internet of Things (IoT) technologies into industrial processes, 
which can be represented by smart factories, smart products and 

extended value networks-vertical, horizontal and end-to-end 
integration [13, 14]. 

The aim of Industry 4.0 is to apply innovative solutions not only 

in the form of technological change, but also to introduce new ways 

of working and a new role for employers in industry [15]. The main 
idea Industry 4.0 is to exploit the potentials of new technologies and 

concepts such as: availability and use of the internet and IoT, 
integration of technical processes and business processes in the 

companies, digital mapping and virtualization of the real world, 
smart factory including smart means of industrial production and 

smart products [16]. Industry 4.0 has become part of the integrated 

and interconnected world that has evolved as a result of the 
information and communication revolution. This technological 

revolution has come about through the Internet of Things (IoT) and 
the Internet of Services (IOS), which connect industry through a 

supply chain network in an internal and external electronic way. 
This makes the industry intelligent and all this is supported by 

cyber-physical systems (CPS) [17]. Industry 4.0 comprises five key 
elements - digitalisation, optimisation and customisation of 

production, automation and adaptation, human-machine interaction, 

value-added services and commerce, and automated data exchange 
and communication [18]. Industry 4.0 includes additive 

manufacturing, advance robotics and cobots, artificial intelligence, 
augmented reality, human-machine interfaces, machine-to-machine 

communication, blockchain, internet of things, cloud stored data, 
internet of services, digital transformation, autonomous vehicles, 

drones [19]. The core technologies of Industry 4.0 include: big data 

analytics, autonomous robots, cloud technologies, simulation, 
industrial IoT, additive manufacturing, augmented reality, business 

intelligence, cybersecurity [20]. Opinions on Industry 4.0 
technologies are diverse. We are confronted with the definition of 

35 key disruptive Industry 4.0 technologies. These key technologies 
include: internet of things, big data, additive manufacturing, cloud 

computing, autonomous robots, virtual reality, cyber-physical 
systems, artificial intelligence, smart sensors, advanced simulation, 

nanotechnology, drones, biotechnology, block chain, industrial 

internet of things, cybersecurity, smart factory and intelligent 
factory, internet of services, vertical and horizontal (V&H) system 

integrations, renewable energy and advanced energy storage, 
machine-to-machine communication, 5G network, information and 

communication technology, quantum computing, mobile devices, 
manufacturing execution system, neurotechnology, predictive 

maintenance, advanced human to machine interface, material 
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science, internet of data, internet of energy, flexible production 
system, location detection and digital twin [21]. 

2. Aim, Methodology and Data 

The main objective of the paper was to create an analytical view 

of the concept of Industry 4.0 through a bibliographic-information 
analysis and the implementation of a questionnaire survey. The 

questionnaire survey was implemented in companies of selected 

industry in Slovakia. The survey was realised in 44 chemical 
companies. 

In order to provide a comprehensive view, it was necessary to 

define the terms and concepts related to the Fourth Industrial 
Revolution and the characteristics of Industry 4. Subsequently, in 

the next part of the paper we focused on the identification of 
selected questions from a questionnaire survey conducted in the 

Slovak chemical industry. To process the information and 

knowledge in the paper on the use of Industry 4.0 in Slovakia, we 
used classical methods: literature search, analysis, synthesis, 

induction, deduction and comparison. The visualization method was 
also used to make the data on Industry 4.0 more transparent through 

group bar charts and pie charts. 

The object of research in the present paper were 44 companies 
operating in the chemical industry in the Slovak Republic. For the 

categorization of companies we used the EU Commission 

Regulation No. 651/2014, which distinguishes between micro, 
small, medium-sized and large companies. 4.6% of small 

companies, 29.5% of medium-sized companies and 65.9% of large 
companies participated in the questionnaire survey. 

By legal form of business, limited liability companies were the 

most represented in the survey with the largest percentage share of 
77.3%. Businesses that indicated the legal form of a joint stock 

company had a share of 22.7%. Other forms of business did not 

participate in the survey. 

According to the geographical location of Slovakia, the most 
represented companies in the survey were from the Trnava Region 

with a share of 22.7%. A high percentage of participation also had 
enterprises from the Trenčín Region with a share of 20.5%. The 

least number of respondents participating was from the Košice 
Region. This region was represented in the survey with a share of 

2.3%. 

3. Results and Discussion 

In the following part of the paper, selected findings related to 

Industry 4.0 in the Slovak chemical industry were analysed. 
Based on the answers from the respondents, it was reported that 

63.7% of chemical companies are interested in the ongoing 
digitalisation. 31.9% of the responding companies expressed partial 

interest in digitalisation. 4.4% of enterprises are not interested in the 
topic of digitalisation in the company. 

 
Fig. 1. Interest in digitalisation in the company 

Source: own processing 

 

At the core of Industry 4.0 is the Internet of Things and 
Services, intelligent devices that communicate with each other 

through cyber-physical systems to achieve a smart factory. 
Therefore, we wanted to know from the respondents whether they 

are interested in these concepts that are inherently related to 
Industry 4.0. From the responses, it was found that 52.3% of 

chemical companies are aware of and interested in these concepts. 

A high percentage of 40.9% of companies are partially aware of and 
interested in these concepts. Only 6.8% of the surveyed companies 

are not interested in these concepts that are related to Industry 4.0. 

 
Fig. 2. Interest in concepts - Smart Factory, Internet of Things, 

Cyber-physical system 

Source: own processing 
 

 
The Industry 4.0 concept is used by 56.8% of chemical 

companies in Slovakia. It is partially used by 38.6% of the surveyed 

enterprises. Based on the answers of chemical companies Industry 
4.0 is not used by 18.2% of respondents. 

 
Fig. 3. Applying Industry 4.0 concept in the company 

Source: own processing 
 

Applying Industry 4.0 also requires the digitisation of individual 
business areas. From the responses of the surveyed companies, we 

were informed that 68% of the respondents apply the Industry 4.0 

concept in IT. Production represented a high percentage, with 67% 
of chemical companies applying the concept. The least number of 

companies from the chemical industry apply Industry 4.0 in service. 
This business area reached 43%. 

 
Fig. 4. Applying the Industry 4.0 concept in business areas 

Source: own processing 
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The application of Industry 4.0 was also examined from the 

perspective of the business size. Of the chemical industry 
companies, Industry 4.0 is most widely used in large companies 

with a share of 54.5%. Medium-sized companies apply Industry 4.0 
with a share of 25%. The smallest percentage share (4.5%) of the 

application of the Fourth Industrial Revolution was recorded in 

small companies. 

 
Fig. 5. Applying Industry 4.0 concept in companies by business 

size 

Source: own processing 
 

The concept of Industry 4.0 was also analysed in chemical 
industry companies in Slovakia according to the legal form of 

business. According to the answers of the respondents, Industry 4.0 

is mostly used in limited liability companies. This legal form 
reached 65.9%. Chemical companies that operate as a joint stock 

company use the concept of Industry 4.0 with a share of 15.9%. 
This uneven percentage distribution is due to the fact that limited 

liability companies were represented in the survey with a higher 
proportion. 

 
Fig. 6. Applying the Industry 4.0 concept in enterprises by legal 

form 

Source: own processing 

4. Conclusions 

The concept of Industry 4.0 is dominant worldwide. This new 
concept not only brings revolutionary changes in manufacturing, 

but will fundamentally change society and the country's economy 
itself. Its main essence is digitalisation and automatisation linked to 

intelligent technologies. A significant factor is the Internet of 
Things and Services, which communicates through cyber-physical 

systems independently of humans. 

The main objective of the paper was to create an analytical view 

of the concept of Industry 4.0 through a bibliographic-information 
analysis and the implementation of a questionnaire survey. The 

questionnaire survey was implemented in companies of selected 
industry in Slovakia. The survey was realised in 44 chemical 

companies. 

Within the selected aggregated responses, we were informed by 
companies from the chemical industry in Slovakia that 63.7% of the 

respondents are interested in the ongoing digitalisation. 4.4% of 

companies are not interested in the topic of digitalisation in the 
company. From the answers of the respondents, it was found that 

52.3% of chemical companies in Slovakia know and are interested 
in the concepts related to Industry 4.0 - Internet of Things and 

Services, smart devices, cyber-physical systems. Only 6.8% of the 
surveyed companies are not interested in these concepts. The 

concept of Industry 4.0 is applied by 56.8% of chemical companies 

in Slovakia. From the answers of the surveyed respondents we were 
informed that 68% of the respondents apply the concept of Industry 

4.0 in the business IT area. The least chemical companies of apply 
Industry 4.0 in the business area - service. In the Slovak chemical 

industry, Industry 4.0 is mostly used in large companies, where the 
share reached 54.5%. At the same time, the Fourth Industrial 

Revolution has affected chemical companies with limited liability 
the most, where the percentage share reached 65.9%. 
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