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Purpose: The reason for writing the paper was the strong trend of development of the concept 6 

of Industry 4.0. Companies have started their journey to smart manufacturing by applying the 7 

key technologies (pillars) of Industry 4.0. A decade has passed since 2011, when the idea of 8 

Industry 4.0 emerged as a form of industrial development based on the achievements of the 9 

fourth industrial revolution. During this decade, companies have become convinced by the idea 10 

of Industry 4.0 and have embarked on projects (investments) that fit into smart manufacturing. 11 

The aim of the research was presentation of the key fields of changes in the steel company 12 

towards smart manufacturing. 13 

Design/methodology/approach: The author used a case study to achieve the research aim.  14 

The subject of the research was one of the largest steel companies, which has a strong position 15 

in the global steel market. The presented areas of change of the company fit into the scope of 16 

changes belonging to smart manufacturing. In the study, following the company's statement,  17 

it was assumed that the implemented investments will create "smarter manufacturing" no "smart 18 

manufacturing" because their number and scope does not entitle either the company itself or 19 

the author of this paper to state that the changes made already at this stage create smart 20 

manufacturing in the steel company.  21 

Findings: The result of the case study is a model – a general concept – for the introduction of 22 

smart manufacturing in an enterprise. The term model was used for popular scientific purposes, 23 

as a form of generalisation of the presented scope of changes in the studied enterprise.  24 

Research limitations: The author is aware that the company used for the research may not 25 

constitute a sufficient area of research to formulate generalisation constructs on its basis,  26 

but she points out that the article is a part of a broader research, and the presented fragment of 27 

the research was used for the purpose of popularising knowledge on changes taking place in 28 

Industry 4.0. 29 

Practical implications: The paper promotes smart manufacturing projects in the steel sector. 30 

The practical implication of the paper is a proposal for a pathway to build smart manufacturing, 31 

which has constructs that are versatile enough to be used to create company pathways in other 32 

industry sectors of the economy. 33 

  34 
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Originality/value: The article is part of the very topical theme of Industry 4.0, which has 1 

already been popularised to such an extent that it has become a reality and not just a proposal 2 

(future) for industrial development under the conditions of the Fourth Industrial Revolution. 3 

The paper describes actual projects for building smart manufacturing in the steel company. 4 

Keywords: steel company, smart manufacturing, smarter steel. 5 

Category of the paper: case study. 6 

1. Introduction  7 

Industry 4.0, as a new direction for many of the world's economies in the fourth industrial 8 

revolution, has accelerated the development of companies. Today, there are already enterprises 9 

that have introduced advanced technologies that create smart manufacturing. The accession of 10 

companies to the creation of Industry 4.0 is carried out according to the requirements of the 11 

new development concept, which are: personalisation of products, cyber-physical production 12 

systems, artificial intelligence, augmented and virtual reality, Big Data, IoT, ubiquitous 13 

integration (Kagermann et al., 2013). For the success of companies that adopt the co-creation 14 

of Industry 4.0 as their development direction, it is necessary to invest in technologies that 15 

combine physical objects with virtual solutions. The rapid development of advanced 16 

technologies is conditioning changes in manufacturing systems that are agile enough to deliver 17 

products tailored to their individual customers' needs (Arora et al., 2008). Companies in 18 

Industry 4.0 are making changes to be smart. There is no single solution that can be considered 19 

to lead the changes that build smart manufacturing. The form of the complexity of change can 20 

be seen, for example, in the RAMI 4.0 model with many processes and technologies (Resman 21 

et al., 2019). Innovations and investments in enterprises are made both in core processes, which 22 

include production, and in supporting processes, with a particular focus on logistical processes 23 

outside the enterprise. The development of enterprises in Industry 4.0 is a set of many 24 

technological, organisational and human resource changes, all of which make up the smart 25 

environment within and around companies (Rüßmann et al., 2015; Santos et al., 2017, Davis, 26 

2012).  27 

The nature of each company is its development in Industry 4.0. The development is based 28 

on business improvement under the conditions of the Fourth Industrial Revolution.  29 

Each company is made up of an organisational structure, human resources and technology that 30 

provide opportunities for growth. The key directions of change that a company adopts are 31 

enshrined in its development strategy. By adopting Chandler's rule, the company will follow 32 

the strategy, not the other way around. At the stage of building smart manufacturing,  33 

it is important to determine the key areas of change and the key processes in which the changes 34 
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will be implemented in companies on their development paths in Industry 4.0 (Gajdzik, 2022a, 1 

2022b, 2022c).  2 

The main problem for companies starting to implement a development strategy based on 3 

the pillars of Industry 4.0 is to find areas with the potential to create a smart manufacturing. 4 

Przedsiębiorstwa nie mogą przeinwestować lub nie doinwestować strategicznych obszarów 5 

biznesu. Companies cannot over-invest or under-invest in strategic business areas. New fully 6 

automatic technologies and artificial intelligence are very expensive. The choice of areas for 7 

change in companies towards Industry 4.0 is an individual decision by top management.  8 

Not all companies will reach Industry 4.0 as part of their development, some companies will 9 

not build a smart environment. It is easier to make changes for very large and large enterprises 10 

belonging to strong capital groups, very often with many years of experience in business.  11 

The variation in the degree of investment in high technology also applies to industrial sectors. 12 

In many economies around the world there are sectors (industries) where smart solutions are 13 

easier to introduce, if only because of the type of production and type of customers. Such sectors 14 

include the automotive, footwear, computer (electronics) and food sectors. In contrast, it is more 15 

difficult to introduce changes towards Industry 4.0 in the mining, fuel, chemical and 16 

metallurgical industries. Despite some difficulties in building Industry 4.0 in all industries, each 17 

industry is attempting to set its own development path in reaching the goal of being a participant 18 

in the cyber-physical systems (Gajdzik et al., 2021a; Deloitte, 2018).  19 

On the basis of the above introduction about the company development in Industry 4.0,  20 

the following research objective was adopted: to establish a path of action in the process of 21 

transformation of steel industry enterprises in Industry 4.0 by building smart manufacturing. 22 

This study is part of a larger research project on the transformation of the steel producers sector 23 

in Poland together with business-related enterprises under the conditions of the ongoing fourth 24 

industrial revolution. The presented research part is based on a case study of a global steel 25 

producer, where the process of development towards Industry 4.0 is most visible. 26 

The structure of the paper consists of a literature part and a research part. The literature part 27 

aims to present the essence of knowledge about Industry 4.0. The concept of Industry 4.0 has 28 

been strongly popularised by political, business and scientific circles since 2011.  29 

Many scientific studies and research reports have already been written on Industry 4.0In the 30 

Web of Science scientific database, more than 17,000 publications searched for the keyword 31 

'Industry 4.0' were registered between 2011 and 2021. The research part is the result of an 32 

analysis of investment projects implemented in a steel company. The analysis was carried out 33 

on the basis of publicly available information, using reports published by the surveyed company 34 

on investments carried out as part of the company's development strategy (resulting from the 35 

development strategy) for the coming years. The work concludes with a summary of the stages 36 

of steel design (construction). This summary of implemented changes became the basis for 37 
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determining the entity's path in Industry 4.0 based on smart manufacturing. The usefulness of 1 

the research results presented in the paper for building knowledge about the transformation of 2 

steel enterprises in the conditions of Industry 4.0 is due to the purposeful selection of the entity 3 

for the case study, which was the largest steel producer (until 2019, it occupied the first position 4 

in the world ranking of steel producers conducted by the World Steel Association). 5 

2. Industry 4.0 – the key information about the industrial development  6 

A consequence of the fourth industrial revolution is Industry 4.0, which is being introduced 7 

in many economies around the world. The term Industry 4.0 (Industrie 4.0 – a nomenclature 8 

from German)- abbreviated to I 4.0 was coined by German business and government circles. 9 

The term 'Industrie 4.0' appeared at the Hanover Electronics Fair in 2011. Since 2012, the name 10 

'Industry 4.0' has become very popular. The pillars of Industry 4.0 are: autonomous robots, 11 

Internet of Things, cloud computing, huge data sets (Big Data), augmented and virtual reality, 12 

interoperable technologies, IT-computer process support systems, additive (incremental) 13 

manufacturing, machine-to-machine (M2M) communication technologies, artificial 14 

intelligence and autonomous robots, data transfer security support technologies (Kagremann  15 

et al., 2013). Industry 4.0 is developing towards the flexible and intelligent manufacturing of 16 

products - Smart Manufacturing, (SM). The word 'smart' is used to emphasise (expose) the 17 

interaction of the real and virtual worlds, with a particular focus on artificial intelligence (AI), 18 

which is being introduced in manufacturing companies to optimise processes and provide 19 

'agility' to the enterprise through device access to IoT (Dais, 2014; Davis, 2012). New advanced 20 

(high) manufacturing technologies offer the opportunity to increase production efficiency and 21 

minimise production 'delays' resulting from the unreliability (weakness) of the human factor 22 

and traditional machinery (Schwab, 2016). Autonomous robots and collaborative technologies 23 

are opening up new possibilities for manufacturing products. High technologies have the ability 24 

to monitor and transmit data from devices to decision-making centres on an ongoing basis and 25 

control devices autonomously through AI algorithms, which affects the speed and flexibility of 26 

production (Wiesmüller, 2014; Wang et al., 2016). 27 

In Industry 4.0, a significant part of production is carried out by means of intelligent and 28 

digital technologies that control processes in companies. Computerised manufacturing systems 29 

are equipped with network links with digital twins that communicate with other facilities and 30 

systems, transmitting information about the operation of equipment (machines) in real time and 31 

improving their technical performance via internet links. The interconnection of the structures 32 

of all manufacturing systems leads to the emergence of cyber-physical production systems 33 

(CPPS), in which high technology communicates via networks. Manufacturing is highly 34 
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autonomous. Intelligent technologies work without humans or with very limited human input. 1 

The structures of cyber-physical systems are extensive. The cyber-physical system is made up 2 

of intelligent machines, autonomous robots, storage systems, ICT, autonomous technologies, 3 

intelligent objects, etc. The Industrial Internet of Things (IIoT) facilitates the transfer of 4 

information from device sensors (machines) to a decision-making centre, as well as improving 5 

machine-to-machine (M2M) and machine-to-product (M2P) communication. Cyber-physical 6 

systems operate in real time, sending data to a local server or cloud server, where data analysis 7 

takes place and predictive models used for process optimisation and machine learning are built 8 

(Hermann et al., 2015; Branca et al., 2020).  9 

Industry 4.0 technologies are so popular that companies have embraced them because the 10 

smart environment creates additional business benefits. Companies with smart technologies 11 

report productivity gains and lower manufacturing costs, higher product quality (manufacturing 12 

accuracy) and higher customer satisfaction with personalised products. In resource 13 

consumption, companies report decreases in raw material and energy consumption. In addition, 14 

new technologies emit less pollution and waste and improve occupational safety (BCG report, 15 

2018). Market and scientific researchers confirm that the larger the company, the greater the 16 

visible impact of new technologies on the listed set of benefits (Czupryna-Nowak, 2020; Göll 17 

and Gracel, 2017). The quoted statement was the main argument (for the author of the 18 

publication) for choosing the largest steel producer for the case study in the empirical part of 19 

the work.  20 

At the stage of change so far, companies have not developed a universal path for the 21 

implementation of the technologies that make up Industry 4.0. Decisions by companies to 22 

implement next-generation technologies are the result of analyses of the methods and 23 

techniques used to date to handle processes, as well as existing IT solutions and the possibility 24 

of their expansion in existing business structures (Kuhn, 2015). It is only possible to identify  25 

a few common stages, the beginning of which is the adoption of a development strategy based 26 

on smart technologies and the establishment of units (departments) for the digitisation of 27 

business and high technology manufacturing. Subsequent stages depend on decisions on pilot 28 

investments planned for the coming years in the company. The investment projects 29 

implemented, based on the pillars of Industry 4.0, will create smart manufacturing.  30 

The implementation of solutions starts with a few selected scopes of technological innovation 31 

up to the next. The number of projects is increasing, resulting in smart environments within 32 

cyber-physical manufacturing systems to smart factories (Gajdzik et al., 2021, Soldaty, 2018). 33 

When building a smart environment, companies use the specialist services of the IT industry. 34 

The IT industry designs full or fragmented digital business models according to the 35 

requirements of different industry sectors. The IT solutions available on the market are not 36 
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universal, even though certain modules are repetitive, and therefore need to be tailored to the 1 

company's specific operations, organisational structure and business process scopes. 2 

The lack of a universal pathway in Industry 4.0, in the form of a methodology for enterprises 3 

that have embarked on building a smart environment, was the inspiration for the preparation of 4 

the empirical part of this article. The choice of the steel sector as the industry used to perform 5 

the analysis is dictated by the author's scientific area, which she has been dealing with for years 6 

by researching and describing changes in the steel industry in Poland. The capital group used 7 

in the case study operates a company in Poland, which is, in this country, the largest steel 8 

producer. The case study analysis therefore has a double utility. The first arises from the fact 9 

that the capital group is a benchmark in the global steel market and the second arises from the 10 

fact that it operates in Poland through one of its companies, which is, in turn, a benchmark in 11 

the Polish steel industry. 12 

3. Direction on smart manufacturing in steel company – the case study 13 

Methodology 14 

A case study is a detailed description of a phenomenon or process, carried out to identify 15 

causes and conditions and interactions with other phenomena, as well as the effects of change. 16 

The analysis of a multiple case study helps to clarify the mechanisms of the activities under 17 

study and assess their effects (Czakon, 2011). The case study outlines a picture of the 18 

phenomenon or process under investigation in the context of existing enterprise capabilities and 19 

business conditions. The information for the case study comes from the enterprise under study 20 

(Apanowicz, 2020). A case study consists of the following stages: (i) determination of the 21 

research topic and research objective (ii) presentation of the analysed enterprise this stage also 22 

called enterprise characteristics opens the case study; (iii) discussion of the researched topic 23 

and its description by information about changes in the analysed enterprise, (iv) evaluation of 24 

the extent of changes and formulation of final conclusions or models in relation to the research 25 

objective. The results of the case study are model processes or best solutions or a methodology 26 

of operation On the basis of the case study, conclusions relevant to other companies can be 27 

drawn (Apanowicz, 2020). 28 

Referring to the presented methodological steps for the execution of the case study,  29 

a research topic was established (in line with the first step), which is changes towards smart 30 

manufacturing in a steel company. The aim is to outline a path for the introduction of smart 31 

steel production. The scope of the research concerned technological and organisational changes 32 

implemented in a strong steel group in the global steel market. The manufacturer produces 33 
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around 10% of the world's steel production annually. The information presented in the article 1 

was from studies (reports) available on the web pages of the steel company under study.  2 

Object of the case study 3 

The analysed capital group has been one of the world's leading steel producers for years. 4 

The mills in the analysed capital group produce approximately 10% of the world's steel 5 

production annually. The group operates in 60 countries on three continents. In terms of steel 6 

production, the capital group is a leader not only in the world steel market, but also in the 7 

European market. The Capital Group acquired steel mills that were being restructured in Central 8 

and Eastern European countries, including Poland. The restructuring process of the steel 9 

industry in Poland was carried out with the participation of foreign capital (Gajdzik, 2012). 10 

Foreign capital, including the analysed group, strengthened its position in the global steel 11 

market through strategic mergers (Gajdzik, and Sroka, 2012). The group in question is the result 12 

of a merger between two large capital groups. The group owns both the steel mills and the 13 

companies that make up the supply chain (coking plants, mines, logistics centres). The groups 14 

has a research and development (R&D) centre and analytical laboratories.  15 

Smarter manufacturing – key projects based on case study 16 

The analysed group adopted an action strategy, which is described by the slogans: smarter 17 

future, smarter manufacturing and smarter steel. Citing these slogans, the author wondered: 18 

Why does the company under study use the statement 'smarter' and not 'smart'? The answer was 19 

formulated based on the results of the research – a case study. The group's action strategy with 20 

the adopted statements: "smarter future", "smarter manufacturing" and "smarter steel" is the 21 

first stage of changes on the company's way to participate in the development of Industry 4.0. 22 

The provisions introduced in the strategy set new directions of development, which in the future 23 

will create smart manufacturing in the whole group of companies belonging to this owner.  24 

The steel company invests in smart steel manufacturing based on three business pillars, 25 

which are: 26 

 protection of the natural environment through the use of new steelmaking technologies, 27 

including among the priorities: reducing emissions of atmospheric pollutants, especially 28 

CO2; limiting the use of electricity generated from coal in steelmaking processes, 29 

 improving steelmaking processes through the implementation of artificial intelligence 30 

(AI) and advanced automation in all processes of the business, 31 

 personalising steel products for key customers, which in the case studuy are the 32 

automotive and construction sectors, using the latest generation of technologies and  33 

co-creating technologies with participants in the value chain. 34 
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These key areas of change, together with the provisions for smarter manufacturing in the 1 

development strategy, are implemented through technological investments, organisational and 2 

process changes, accompanied by changes from the area of human factor reorganisation.  3 

The case study presentation summarises four areas of change:  4 

Field 1: Key technological changes.  5 

Field 2: Process improvement.  6 

Field 3: Organisational level of change. 7 

Field 4: Human factor reorganisation.  8 

The selected fields of change are implemented simultaneously at the same time. Changes 9 

are implemented at multiple levels of the organisation. The selected areas (stages) of change 10 

organise the scope of the changes implemented in the capital group under case study. 11 

Field 1: Key technological changes. The company has developed a holistic vision of 12 

digitalisation that includes the Internet of Things (IoT), Big Data and Artificial Intelligence 13 

(AI). The synergy of these three areas requires a lot of technology and process investment.  14 

Key areas of change include digitalisation, manufacturing robotics, data analytics and Big Data, 15 

nanotechnologies, 3D metallurgy and the circular economy. Business digitalisation projects are 16 

steered by the Centre of Digital supported by data collection technologies and ICT thematic 17 

platforms. Technological improvements through automation of operations are being made in 18 

production, delivery and warehousing. Autonomous cranes and overhead cranes with election 19 

identification functions, drones, sensors on process plants, sensors for measuring the efficiency 20 

of technology, autonomous vehicles, among others, have been used to automate work.  21 

The scope of operations of each technology has been established and presented in the 22 

investment projects. Example of drone tasks: (i) assessing the maintenance needs of in-service 23 

facilities, technologies and transport networks in companies, (ii) minimising risks to employees 24 

who would have to work on high structures to determine the condition of a facility, (iii) tracking 25 

energy consumption – drones with infrared cameras moving at a fixed height measure the 26 

energy intensity of facilities and technologies. Example of AI tasks: (i) product image 27 

recognition, (ii) model creation – digital twinning – a set of models used to optimise physical 28 

assets and production processes using data collected from equipment sensors (installations), 29 

(iii) machine learning. Example of digital twinning: sensors create a digital imprint of a product 30 

to be delivered to the next process. AI is used for product quality control and process control. 31 

An example of the application of AI in a steel rolling process: the production decision to release 32 

a weld in a hot rolling mill is made on the basis of image recognition of the width of the cold 33 

coil. The operator has applied the latest in product parameter control to improve product quality. 34 

In scaling the technical parameters, control algorithms were applied according to the 35 

requirements of customers in the automotive and construction industries - these industries are 36 

the consumers of steel products manufactured in the entity under study. In improving the 37 
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performance of steel products, the steel mills produce lightweight products for the cars of the 1 

future, unique products for structures and skyscrapers, railway rails for high-speed transport, 2 

steel sheets for equipment and facilities operating in extreme weather conditions and introduces 3 

many other innovations in steel products. Technological innovations, including the use of high 4 

technologies, are supported by dedicated IT and computer applications in the form of  5 

a catalogue of steel solutions to serve the automotive and construction markets by launching 6 

thematic programmes in the area of cooperation during the design, manufacture and delivery of 7 

products. 8 

The company is constantly implementing maintenance improvements. New technology – 9 

3D printers are used to produce spare parts for machines. In accordance with the TPM concept, 10 

companies in the group optimise the operation of technologies – parameterisation of technology 11 

operation, measurement of machine (technology) performance, prevention of machine failures. 12 

3D printers with the highest product accuracy parameters are used to manufacture steel products 13 

for customer markets (3D metallurgy).  14 

Building the holistic model of steel production requires the installation of thousands of 15 

intelligent sensors and sensors to transmit data from the machines to the decision-making 16 

centre. Basic technological installations, e.g. the blast furnace together with continuous steel 17 

casting equipment, are controlled using advanced information and computer systems.  18 

The company is constantly improving its IT and computer systems and communication servers. 19 

The manufacturer processes large sets of data (Big Data) across the entire network of capital 20 

links in the supply chain, from the sourcing of raw materials to the production of steel to the 21 

distribution of final products. The capital group has a central system for decision-making and 22 

process monitoring across all plants. One element of process control is product life cycle 23 

analysis and circular economy. 24 

Field 2: Process improvement. The processes are improved according to the principle of 25 

'process-based product development'. Investment in the area of: process improvement is the 26 

responsibility of the process research team, which works closely with individual units across 27 

the company. The aim of the projects is to improve technology reliability and process 28 

efficiency. In process improvement, the company uses the ACO algorithm (Ant Colony 29 

Optimization). The algorithms involve finding paths to reach a destination in realizing 30 

processes. At the beginning of the path is the individual customer order (suction system). 31 

Process tracking is implemented through computer vision (CV) systems, which provide  32 

a picture of the entire production environment. The algorithms determine selected paths for 33 

process optimisation. At the end of the path are the products that customers have ordered.  34 

The first fully commissioned AI-based project was the recognition of wagon numbers at raw 35 

material plants. Further projects are in the pipeline with algorithms to recognise the type of 36 

material moved by cranes or to recognise the level at which liquid metal fills a tub. In improving 37 
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processes – by optimising activities and parameters - the manufacturer has applied the following 1 

principles: (i) full standardisation and modularisation of processes (ii) flexible modular 2 

combination of technologies and processes (iii) networking of processes within the group and 3 

in supply chains (iv) computer optimisation and virtualisation of process flows and simulation 4 

of planned changes (v) continuous development of processes in a whole product life cycle (LC) 5 

arrangement, (vi) cooperation of humans and robots (vii) identity of components and machines 6 

in communication in cyberspace (viii) integration of everything (machines, ICT, processes). 7 

The companies in the study group have mobile inspection teams (inspections) which, using 8 

information and computer systems, check the work of the equipment. Inspections are carried 9 

out by professional maintenance (PM) services and autonomous maintenance (AM) operators. 10 

The services have a computer application installed on their phones, each employee scans  11 

a QR code placed on the facility and confirms that the task has been completed after the 12 

inspection. Data from the mobile devices of the operators of each machine and process plant is 13 

sent directly to the ERP system.  14 

Integrated IT and computer systems for tracking the production of steel products have been 15 

installed at steel mills. The solution makes it possible to view the current status of production, 16 

increase the throughput of the production line, speed up the quality acceptance of products and 17 

reduce the risk of human error. In addition, the manufacturer used a system of communication 18 

of operators with machines and technological installations in the cyber-physical space – 19 

employyees (equipment operators), instead of computer keyboards and control panels, use 20 

smart helmets and glasses, which are a new form of communication with machines.  21 

A steel product defect detection system has been introduced to steel mills with smart 22 

technologies, including: (i) the roll defect detection system supports the hot mill grinder –  23 

the latest generation of measurement systems used in the system contributes to the effective 24 

detection of surface cracks and defects hidden deep beneath the surface, including cracks under 25 

other metal, (ii) a radar measurement system to determine the filling level of the coke chamber 26 

after backfilling with coal mixture and levelling, based on the data obtained, the chamber 27 

backfilling operations can be better carried out while reducing emissions to the environment. 28 

Field 3: Organisational level of change. The company has business digitalisation units at 29 

senior management level. The company has a global R&D centre. Process improvement is 30 

handled by process research teams. Technology development, on the other hand, is the research 31 

area of the digital excellence centres. The group has its own research laboratories. At top 32 

management level, there are directors of business digitalisation and directors of advanced 33 

technology and AI. Top management works with the business digitalisation staff and the Global 34 

R&D Centre with research laboratories. Supporting the digitisation teams are the Research and 35 

Development (R&D) Departments and the segment managers for information and data at  36 

IT department (division) level, located in the company's divisions and manufacturing processes. 37 
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At group management (directorate) level, there is an office: Global R&D, which is the main 1 

driver of change for the entire corporation. The entity has its own research laboratories, which 2 

collaborate with the engineering divisions to accelerate plant automation projects and the 3 

implementation of advanced AI technologies. The entity also has digital laboratories that act as 4 

training and innovation centres for employees, students and local startups.  5 

Field 4: Human factor reorganisation. The capital group is focused on human resources 6 

development. For more than a decade, the group has used the 70/20/10 model to build staff 7 

competence (Gajdzik, 2016). In European countries, the group struggles with the generation 8 

gap and controls staff turnover (Gajdzik, and Szymszal, 2016). The company needs young 9 

engineers with digital skills. The number of employees with digital skills is increasing year on 10 

year, with IT specialists making up between 10% and 20% of the workforce. The IC systems 11 

department, as part of its Design Thinking activities, supports the company during the building 12 

of the cyber-physical modules of the manufacturing system, including the definition of 13 

processes and provides tools to create a risk analysis during system implementation. In addition, 14 

the IT Departments support the development of a timetable for the next stages of 15 

implementation and the methodology for working on advanced technologies in group 16 

companies. The latest virtual simulation technologies are used in the training of staff, 17 

particularly in the area of safety and improving working methods. The manufacturer, for many 18 

years now, has been betting on the development of soft skills, the share of which in the total 19 

number of training courses is constantly increasing (Gajdzik, Wolniak, 2022a, 2022b). 20 

The list of changes cited, in the four areas cited, is open-ended, and the changes 21 

implemented do not exhaust the broad scope of building smart steel production in mills 22 

(Gajdzik, 2022b, 2022c). The companies belonging to the capital group in question differ in 23 

their degree of maturity to operate under the conditions of I 4.0. In the Polish market, this level 24 

can be defined as 3.5, on a scale from 1 to 5, where 1 is the lowest assessment of the 25 

advancement of changes towards the creation of smart steel production (Gajdzik, 2022a). 26 

The way of steel company to smart manufacturing  the first steps 27 

On the basis of the presented case study, the company's path towards achieving the 28 

requirements of Industry 4.0 and building smart manufacturing was determined. Changes are 29 

introduced at all levels of the organisation and are initiated by the provisions of the enterprise 30 

development strategy. The enterprise development strategy is the main document (plan),  31 

for all enterprises in the group, for building smart manufacturing. Regardless of the location of 32 

the enterprises, the adopted directions of development, are the signposts of change  33 

in Industry 4.0. In the analysed enterprise, the directions concern three technological areas, 34 

which make up the holistic business model (Figure 1). 35 

 36 
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Figure 1. Holistic vision of business in Industry 4.0. Own elaboration. 15 

Three Industry 4.0 technologies are leading the way in building the smart manufacturing: 16 

Big Data, IoT, and AI. Improving manufacturing and other processes requires: the use of 17 

standardisation and modularity, integration of IT and computer systems, introduction of 18 

procedures and systems for personalising products, investment in concurrent technologies, 19 

expansion of autonomous IT and computer systems for process control and decision-making, 20 

3D printing of spare parts to ensure continuity of production and achieve higher efficiency of 21 

machines under TPM, full automation of activities and an increasing number of activities 22 

performed by robots. Technological changes are accompanied by organisational changes.  23 

The plants of the studied ownership group are creating additional Top Management positions 24 

in the rank of directors for business digitisation and smart manufacturing, who are responsible 25 

for the company's strategic projects in Industry 4.0. New positions are also being created at 26 

lower levels of the organisation, assuming that the company has a process structure that 27 

facilitates the company in building a smart environment. A strong support for companies 28 

implementing smart manufacturing projects are internal R&D departments and research 29 

laboratories.  30 

Parallel to the technological and organisational changes, a reorganisation of the human 31 

factor in the study group is taking place. In Industry 4.0 there is an increasing demand for staff 32 

with digital skills. Companies are following two parallel paths: (i) development of the 33 

company's staff (training, recruitment, redeployment) (ii) purchase of IT services from external 34 

digital service providers. The development of basic digital skills among employees is important. 35 

Employees in production positions are required to operate ICT equipment and have  36 

IT knowledge. In addition to employees with basic digital skills, the company has a demand for 37 
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employees with advanced digital skills, which it recruits externally. The existing arrangement 1 

of durable (technical) and soft (social) skills is strongly reinforced by digital skills (Grebski, 2 

Gajdzik, 2022). 3 

The presented model of building smart manufacturing in the analysed metallurgical 4 

company (Fig. 2) is a generalised form of planned and implemented investment projects of the 5 

studied enterprise. The presented model can be used to determine the path of conduct of 6 

enterprises of other industries at the stage of determining the smart enterprise strategy. 7 

However, the author emphasises that the analysed group (steel company) calls the degree of 8 

preparation for functioning in Industry 4.0 as 'smarter' and not 'smart'. It can be expected that 9 

in the future the scope of change will intensify and the company will introduce the notation 10 

'smart manufacturing' in its development strategy. 11 

 12 
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 20 
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 24 

 25 
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 27 

Figure 2. The development way of the company in Industry 4.0 – the key phases and fields of the 28 
transformation model. Own elaboration. 29 

Conclusion  30 

The paper is based on the case study, which was the steel company in the global market. 31 

The analysed company is a recognised benchmark in the global steel market. The extent of the 32 

changes implemented by the company based on the requirements of Industry 4.0 is the 33 

beginning of its long road to the smart steel manufacturing. The number of projects will increase 34 

Pillars of I 4.0 High technology Digital Centre 

Smart manufacturing 

Human factors 

Top Management Company Strategy  

 Industry 4.0 

SM projects 

Digital skills 

R&D 

Laboratories 



206 B. Gajdzik 

and the improved internal processes will be strongly linked to those of key customers in the 1 

market. It is noteworthy that in the holistic vision of the digitalisation of the enterprise, the three 2 

technologies of Industry 4.0, which are Big Data, IoT and AI, are placed at the centre of change. 3 

These technologies are new and strongly popularised in the concept of Industry 4.0. The triad 4 

of technological symbiosis (Big Data, IoT and AI) is the core achievement of the Fourth 5 

Industrial Revolution. In addition to these technologies, the company continues to make 6 

technological investments based on the achievements of the third industrial revolution.  7 

Such investments include a package of projects in the area of business digitalisation.  8 

The digitalisation of industry started several years ago (1990s) and is still ongoing. In the new 9 

business model, plants of the analysed group link business digitalisation with the integration of 10 

business processes and with internal and supply chain technologies. Such the setup, further 11 

supported by the presented triad of technologies: Big Data, IoT and AI, provides the foundation 12 

for building the smart steel manufacturing. 13 

The three pillars of change towards smart manufacturing identified in the case study are 14 

among the key pillars of Industry 4.0 reported in the literature. Although, here too, there are 15 

differences in the number of pillars (Industry 4.0 technologies) identified by authors or 16 

organisations. G. Erboz (2017) describes four pillars of Industry 4.0: CPS, IoT, cloud 17 

computing and cognitive computing. S. Greengard (2015) focuses on cyber-physical systems 18 

(connections between the real and virtual worlds), the Internet of Things (IoT) which increases 19 

the data available as different products can be connected to the Internet, the Internet of Services 20 

(IoS) and the smart factory. C. Senn (2019) and B. Sniderman (2016) characterise nine 21 

technologies of Industry 4.0. Eleven components of Industry 4.0 are studied by the Boston 22 

Consulting Group (Rüßmann et. al., 2017). The broadest typification of Industry 4.0 23 

technologies includes: Big Data, augmented reality, 3D printing, cloud computing, autonomous 24 

robots, cyber-security technologies, computer simulation technologies, system software, 25 

process visualisation technologies, integrated technologies and building environments for 26 

vertical and horizontal integration, IIoT. The set of technologies that make up Industry 4.0 is 27 

an open and constantly expanding set. Smart manufacturing (SM) projects based on 28 

collaborative technologies of Industry 4.0 and real-time management of processes in enterprises 29 

and in the whole supply chain. SM integrates the latest information and communication 30 

technologies (ICT) into manufacturing systems to enable real-time response to changing 31 

demands and conditions in the factory, in the supply network, and in customer needs.  32 

In this new paradigm, the Internet of Things (IoT), the digital factory, and cloud computing 33 

technology play major roles in transforming the rigid hierarchical architecture into a flexible 34 

style (Kulvatunyou, 2016). Smart manufacturing projects in specific enterprises vary in scope 35 

of change, size, type. Each enterprise develops and implements projects according to its 36 

capabilities and development goals. The technological solutions of Industry 4.0 are a key 37 
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component of the new business models that are created in Industry 4.0 on the basis of the 1 

implemented changes in enterprises. In addition to key technologies, the architecture of the 2 

model is formed by human resources, organisational structure, decision-making powers and 3 

management systems (Grabowska, 2022). The foundation of the model is business processes, 4 

which, supported by new technologies, are continuously optimised. Data from equipment is 5 

collected in real time, performance metrics are collected and used to control processes, which 6 

are visualised and optimised in real time. Quality, efficiency and optimisation are embedded in 7 

smart technology algorithms and process control systems (Gajdzik, 2022a). Business models 8 

created in Industry 4.0 are strongly customer-oriented through product personalisation. 9 

Personalisation is a key paradigm of Industry 4.0 (Grabowska, 2022; Grabowska, and Sanik, 10 

2022). Each enterprise needs to be tailored to the customers' area of activity. Large enterprises 11 

are divided into divisions that create value for customer segments of different industries.  12 

In the digital transformation taking place, more and more companies are also attaching 13 

importance to shortening supply chains (Hwang, and Rau, 2006). Industry 4.0 technologies,  14 

on the one hand, represent an opportunity to modernise business and, on the other hand,  15 

a challenge for companies to invest in reducing their Carbon Trust and carbon-based energy 16 

intensity. Industry 4.0 companies cannot ignore the assumptions of the New Green Deal. 17 

Today's companies, even more than a few years ago, are striving to strike a balance between 18 

technology development and improving the quality of life and the quality of the environment. 19 

The new technologies of Industry 4.0 are an opportunity for companies to develop their business 20 

in line with the development of societies and economies. (Gajdzik et al., 2021b).  21 
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