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Abstract: The publication presents a picture of modern steelworks that is evolving from steelworks
3.0 to steelworks 4.0. The paper was created on the basis of secondary sources of information (desk
research). The entire publication concerns the emerging opportunities for the development of the
steel producers to Industry 4.0 and the changes already implemented in the steel plants. The collected
information shows the support environment for changes in the steel sector (EU programs), the levels
of evolution of steel mills, along with the areas of change in the steel industry and implemented
investment projects. The work consists of a theoretical part based on a literature review and a
practical part based on case studies. The work ends with a discussion in which the staged and
segmented nature of the changes introduced in the analyzed sector is emphasized. Based on the
three case studies described in the paper, a comparative analysis was conducted between them.
When we tried to compare methods used in the three analyzed steel producers (capital groups):
ArcelorMittal, Thyssenkrupp, and Tata Steel Group, it can be seen that in all organizations, the main
problem connected with steelworks 4.0 transition is the digitalization of all processes within an
organization and in the entire supply chain. This is realized using various tools and methods but they
are concentrated on using technologies and methods such as artificial intelligence, drones, virtual
reality, full automatization, and industrial robots. The effects are connected to better relations with
customers, which leads to an increase in customer satisfaction and the organizations’ profit. The steel
industry will undergo further strong changes, bringing it closer to Industry 4.0 because it occupies an
important place in the economies of many countries due to the strong dependence of steel producers
on the markets of the recipients (steel consumers). Steel is the basic material needed to make many
products, and its properties have been valued for centuries. In addition, steel mills with positive
economic, social, and environmental aspects are part of the concept of sustainability for industries
and economies.
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1. Introduction

iations.

The genesis of Industry 4.0 is connected with the Fourth Industrial Revolution (German: Industrie 4.0). It is assumed that this is a new development concept referring to the
changes that will be introduced in the industry in the coming years, based on strong interactions of automation, processing, and data exchange in smart factories [1]. Industry 4.0 is
the strong cooperation of operational technology (OT) and information technology (IT) in
production [2]. The term “Industry 4.0” was proposed in 2011 by Henning Kagermann, and
evolved into a development strategy of the German industry [3,4]. Industry 4.0 uses the
technical achievements of the Third Industrial Revolution: automation and digitization. Industry 4.0 is a new phase of the Industrial Revolution. In this phase, organizations focus on
the interconnectivity of the following topics: machine learning, automation, real-time data,
smart manufacturing, and digital factory. Industry 4.0 is also connected with investing in
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new technology and tools to improve manufacturing efficiency. In this way, organizations
can revolutionize the way the whole business grows [5].
The ongoing fourth digital revolution is entering many industrial sectors worldwide.
The adoption of a smart manufacturing strategy by aligning to the Industry 4.0 framework
enables the steel industry to achieve an integrated, real-time decision-oriented organization.
At the current stage of change, the industrial revolution in steel mills is focused on the
“deep” automation of production and logistics, more and more often with the use of intelligent IT networks facilitating the implementation of processes and machine communication.
In the future, the changes will result in a smart steel plant operating in cyber-physical
systems (CPS). The features of the steelworks, apart from the aforementioned “full” automation and the long-term standardization and visualization of processes, are also the
visibility of operations, modularity of systems, networking in the supply chain, the flexibility of production, connectivity, autonomy, cyber-physicality, self-optimization, and
self-improvement. Such visions of changes in the steel sector are discussed by politicians
(projects and programs of European Commission for steel industry), scientists [6,7], and
practitioners (studies BCG, PwC, McKinsey, Deloitte) [8–11]. These studies have pointed
out the especially important role of digitalization in the process of the implementation
of Industry 4.0 in steel mills [12,13]. In this process, the most important factor is also
connected with the role of appropriate personnel who are trained to work in the changing
environment [14,15]. The ongoing discussion was the inspiration in writing this article.
The results of the discussion are presented in the paper.
The steel industry is one of the biggest manufacturing industries existing from the
times of the first industrial revolution. Up until now, this industry is still functioning
and important. However, there is now a need to adjust this industry to the new Industry
4.0 conditions. There is a research gap in the literature about the characteristics of Industry 4.0 in steel organizations, and can be named as steelworks 4.0 [16–18]. The problem
with differences between steelworks 3.0 and steelworks 4.0 is not well described in the
international literature and is still worth investigating [5,19,20]. Especially important and
interesting are problems connected with the digitalization of the steel industry. Digitalization is very important because it is a background indispensable to the implementation
of KET’s technologies in steelworks [6,7]. Following Peters [6,7], it can be assumed that
digitalization is a key stage in the transformation of steel producers to operate in Industry
4.0. The steelworks 4.0 in our paper reflects the implementation of key technologies of
Industry 4.0, but the extent of change varies from one steelworks to another.
Based on the identified research gap, the following goals of the paper were as follows:

•
•
•

Present the key EU support for the steel industry.
Compare steelworks 3.0 and steelworks 4.0.
Describe the surroundings for the steelworks 4.0.

We analyzed and compared the case study from the steel industry to identify the main
activities that organizations are conducting to transform to steelworks 4.0.
In the analysis, we used case studies of three large capital groups representing the
global steel industry: ArcelorMittal, Thyssenkrupp, and Tata Steel. The choice of the
three capital groups was dictated by their importance for the development of the steel
industry through their shares in world steel production and their activity as beneficiaries of EU projects addressed to the industry. Concerning the analysis, such questions
were formulated:

•
•
•

Q1: To what extent are the surveyed organizations implementing changes that will
transform them to steelworks 4.0?
Q2: Which business areas are changing leading to the steelworks 4.0 being implemented?
Q3: Is the extent of changes in the studied companies comparable?

The answers to these questions are the main contributions of the paper.
In the paper, we tried to give the reason for the answers. To do this, we first analyzed
the situation connected with steelworks 4.0 in European Union countries. Next, on this
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basis, we present the problems connected with the industrial development of steelworks.
Toward this point, we analyze the historical information about the path of steelworks from
steelworks 1.0 to steelworks 4.0. The next point concentrates on the analysis of the changes
between steelworks 3.0 and steelworks 4.0. We describe, in a detailed way, the fields of
changes and directions of these changes. The third section concentrates on a material and
method analysis. The fourth and five sections of the paper contain an analysis of the case
studies of changes in three steelworks in the process of transformation from steelworks
3.0 to steelworks 4.0. We analyzed three organizations: ArcelorMittal, Thyssenkrupp, and
Tata Steel.
2. Literature Review
2.1. European Union Support for Steelworks 4.0
For several years, advanced technologies for Industry 4.0 (ATI) such as cloud computing, big data, Internet of Industrial Things (IoT), smart factories, robotics, and 3D
printing are the necessary conditions to increase the productivity of industries in highly
developed countries [21,22]. The technologies of the Fourth Industrial Revolution are an
opportunity for the development of the current Industry 3.0 to Industry 4.0. The governments of highly developed countries have made Industry 4.0 an economic priority in
the pursuit of increasing the productivity and competitiveness of economies, societies,
and industries. Although the specific policies of countries differ in terms of the scope of
activities, financing sources, and implementation paths, the main (basic) goal is a steel
Industry 4.0. A decade has passed since the name Industrie 4.0 was used at the Hanover
Fair in 2011 and the first implementation recommendations for the industry with the use
of high technologies (HTs) were developed [23,24]. The first German platform “Industrie
4.0” inspired other governments in the EU to create their platforms. The description of
the platforms of particular countries is available on the website [25]. Clusters are also a
form of cooperation for many organizations. The structure of the European cluster collaboration, established by the European Commission, is made up of sixteen technologies:
advanced manufacturing technology, advanced materials, artificial intelligence, augmented
and virtual reality, big data, blockchain, cloud computing, connectivity, industrial biotechnology Internet of Things, micro- and nanoelectronics, mobility, nanotechnology, photonics
robotics, and security [26]. The scope of cooperation between various organizations in the
EU is increasingly expanding to countries outside the EU: the USA, Japan, and China [27].
From the general policy of popularizing Industry 4.0, European institutions and national
governments are moving to industry (industrial) policies. Basic recommendations for
implementing changes toward Industry 4.0 have been developed for individual industries,
especially those of key importance for the development of the economy. Steel production
is one of the important sectors for economic growth. According to PwC research, the steel
sector is now considered crucial to industrial production due to the extensive use of steel
in processing [28].
The buyers of steel products are the automotive industry, construction, infrastructure,
energy, manufacturers of machinery and industrial equipment, household appliances, etc.
The determinant of innovation in the European steel industry in recent years are shorter
and shorter production cycles. This advantage builds the advantage of this sector over
other markets. The steel sector in the EU offers high-quality products. In order to stay
ahead of the technological curve of non-EU steel industries, it is necessary to invest in new
processes and technologies. This is clearly stated in the communication: “Steel: Preserving
sustainable jobs and growth in Europe” published in March 2016 [29] and reiterated in:
“A new industrial strategy for Europe” [30] and in: “Action Plan for a Competitive and
Sustainable Steel Industry in Europe” [31].
Industry 4.0 is also supported by the activities of the working groups, bringing
together scientists and producers (e.g., the Smart Factory of the ESTEP (European Steel
Technology Platform) platform, founded in 2008, formerly known as Intelligent Integrated
Manufacturing) [32]. The group published the first edition of the Action Plan for European
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Steel Production in 2009 with a vision for 2020. The next visions are until 2025 and
2030. The ESTEP working group consists of manufacturers, universities, and research
and development (R&D) institutions. In 2018, a workshop on the concept and operational
benefits of digital twins in the steel sector was held in Charleroi [32,33]. Examples of other
working groups are Industrie 4.0 (2014) and ESTEP (2008). The largest steel mills and
capital groups such as Tata Steel and ArcelorMittal participate in the above-mentioned
working groups. Most of the initiatives are based on research and programs and projects
carried out for several years. For many years, the steel industry has been involved in
a range of political activities, R&D projects, and patents in the field of digitization that
preceded Industry 4.0 [15]. Digitization has been carried out for many years (since the
beginning of the 1990s, and projects have been implemented related to various aspects of
the digitization of the steel industry) [19,34]. Investments in this area create (build) the
environment for Industry 4.0 [35,36].
The development of the industry is supported by the EU budget under their programs.
In recent years, steel mills have used the following programs: RFCS (Research Fund for Coal
and Steel), 7 Program (FP7), Horizon 2020, and EUREKA. The activities of the smelters are
included in the final reports prepared by the European Commission (RFCS, 2003–2014, [36]
RFCS, 2015–2017 [37], FP7 2007–2013 -CORDIS 2018 [38], FP7 2014–2020 [39]). The largest
capital groups, for example, ArcelorMittal, Tata Steel, Thyssenkrupp, actively participate in
change projects (these mills were mentioned in the final reports: RFCS for 2003–2014; RFCS
2015–2016; in the EUREKA program-1989–2018) [40,41]. Examples of projects include TrackOpt (RFCS), Quality 4.0 (RFCS), NewTech4Steel (RFCS), Cyberman 4.0 (RFCS), CyberPOS
(RFCS), Dromosplan (RFCS), RoboHarsh (RCFS, Adopt EAF, (RFCS), SOP rod (RFCS), Opti
Scrap Manage (RFCS), I2MSteel (RFCS), Desdemona (RFCS), Dynergy Steel (RFCS), GASnet
(RFCS), Plant Temp (RFCS), Auto Adapt (RFCS), Infomap (RFCS), AREUS (7PR), SPIRESPIRE (Sustainable Process Industry through Resources and energy efficiency) (H2020),
Water Watt (H2020), FACTS 4 WORKERS (H2020), Dillinger, SSAB, ENCOP, IDEOGAS,
LoCO2Fe, PRESED, and IConSys (these two last are companies projects). The initiative
of the European Commission is also the European Steel Skills Agenda (ESSA) adopted in
January 2019 [42]. The program includes analyses of educational programs, labor market
research, descriptions of staff development programs in the largest steel mills in Europe.
The result is a pilot development of modules and tools to build awareness and implement
new skills for steel industry workers (Blueprint, May 2020) [43]. The project aims to create a
steel industry-led, sustainable, and coordinated action plan to respond to economic, digital,
and technological developments as well as increasing energy efficiency and environmental
requirements by continuously updating the qualifications, knowledge, and skills profiles
of the workforce. Research carried out (for the project) confirms the fact that the steel
industry foresees the implementation of almost all Industry 4.0 technologies not only to
improve competitiveness, but also to protect the environment. Technological change will
be incremental and accompanied by changes in the skills of the workforce (upgrading the
skills of the existing workforce is a prerequisite, not only because of recruitment difficulties
in the labor market, but also because existing skills and experience in the workplace are
necessary to develop the full potential of digital and green transformation) [43].
In summary, the above-mentioned European programs, platforms, clusters, and agendas create conditions for the transformation of the steel industry to level 4.0. The initiatives,
programs, and projects of the European Commission stimulate steel producers (steel mills)
to act toward steelworks 4.0. Steel mills are participants in working groups, program beneficiaries, and participants in projects created by cooperation between industry and science.
2.2. Industrial Development of the Steelworks
In the history of the development of metallurgy, in line with successive industrial
revolutions, four levels of steel producing development can be distinguished: steelworks
1.0, steelworks 2.0, steelworks 3.0, and steelworks 4.0 [12]. In steelworks 1.0, work was done
with simple tools and the steel mills evolved from manual work to industrial steel process-
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ing. The introduction of coal-fired steam engines was the first major change to industrial
processes. The invention increased work efficiency. During the first industrial revolution,
the first interactions between workers and machines were created. In the nineteenth century, steelworks 2.0 was created as a result of the second industrial revolution, which was
marked by the invention of the production line and the improvement of transport technologies and the electrification of industrial processes. In 1856, H. Bessmer invented the first
pear-shaped steel converter (the so-called Bessmer pear) [44]. In 1864, the French metallurgist P.É. Martin developed the process of smelting steel in a regenerator furnace [45]. The
third stage of metallurgy development—Steelworks 3.0—started in 1970 with the advent of
numerical control machines and the trend of production automation. Both steelworks 1.0
and steelworks 2.0 are history, and steelworks 3.0 is in place until now. Steelworks 3.0 in
highly developed countries is changing into steelworks 4.0 [12]. The strengths (strengths)
of the mills of the future are “deep” automation, digitization, virtual simulations, real-time
data processing, machine communication, and artificial intelligence [46,47]. In the future,
the steel mills will operate in cyber-physical systems with autonomous production and
technology capable of self-optimization and self-improvement of processes [14]. Zeman
points out that the steel industry is now halfway between steelworks 3.0 and steelworks
4.0 [12]. In steelworks 4.0, machines run autonomously with little or no human intervention. The plants operate as cyber-physical systems (CPS). The Industrial Internet of Things
(IIOT) facilitates the exchange of information from sensors of devices (machines). The
system works in real-time and sends data to a local server or cloud server, where data
analysis is performed and models are built [48]. Peters [6] lists several stages of Industry
4.0 development in the steel mills as follows:

•
•
•
•
•
•
•
•

single plant as a cyber-physical production system (CPPS and vertical integration);
full traceability of intermediate and end products in the value chain;
“intelligent” product with knowledge of its quality and history of production (one of
the aspects of end-to-end engineering);
intensive communication of plants (integration within the company);
intensive communication along the entire supply chain (integration outside
the steelworks);
proper handling and use of all data;
decentralization of decisions (de-central) instead of central solutions; and
self-organization of the system.

Peters stipulates that “Industry 4.0 is an evolution, not a revolution.” Currently,
mills are at the beginning of a long-term evolution with steelworks 3.0 to steelworks 4.0.
Industrial companies understand the benefits of Industry 4.0, but it takes time to transform
steelworks 3.0 to steelworks 4.0 [6]. Peters says that right now, it is necessary to develop
methods and concepts for the idea of Industry 4.0 and find the best Industry 4.0 applications
for the steel industry [7]. In the transformation to steelworks 4.0, an important step is the
creation of cyber-physical production systems (CPPS) from individual production sites and
their subsequent integration into a chain or chains of cyber-physical systems (Figure 1).
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Table 1. Characteristics of steelworks 3.0 and steelworks 4.0.
Field
of Change

Direction
of Change

Characteristics of
Steelworks 3.0

Characteristics of
Steelworks 4.0

Integration of technical
processes and
IC systems

ICT, IC systems,
information flows

autonomous processes

autonomous decision processes, learning
functions to adapt technical processes
and IT systems

Processes organization

process visualization,
process control,
monitoring,
process optimization

process optimization,
digitalization of physical
processes, virtualization,
statistics and quality control
systems, process monitoring

self-optimization, programmable logic
controller (PLC), virtual assistance digital
transformation end-end digital
integration, simulation and virtualization,
learning function, intelligent
plant monitoring

towards automatization
and robots

operator of machine (P2M),
Total Productive Maintenance

machine and machine (M2M), learning
machines, artificial intelligence, smart
maintenance, RFID (product-machine),
smart sensors, self-organized, symbiosis
of human and machine: Human
CPS (H-CPPS)

Communication
and connection

interconnection,
networking,
information sharing

Internet: broadband Internet,
mobile Internet, websites
networking, interoperability,
vertical integration of
production systems,
horizontal integration of
partners in value chain,
integration inside and outside,
collaboration network

IoT, IIoT, IoS, intensive networking,
intensive communication,
interoperability, networked and
distributed data diffusion, vertical
integration of production systems,
horizontal integration of partners in
value chain (via value creation networks),
smart chains

Data process

integration of text data,
video-/audio-streams
and others, real time
data, open data, smart
data, integrated data
coming from
different sources

IT systems
integration of IT systems, ERP

Big Data, Big Data Analytics, cloud
computing, IoT (IoPeople, IoEverything,
IoData),
System of Systems (SoS),
Web-Based Organization, smart
product-RFID, product information
management, High Performance
Computing (HIP), DevOps

Decision

De-central instead of
central solutions

decentralized decisions,
process organization

decentralized decisions, decision support
systems (DSS), networked, distributed
data diffusion, online
decisions

Automatization
and robots

full automatization,
robots, AI

classic automatization

process automation/control,
collaborative robots, cobots,
AI—Artificial Intelligence, Automated
Guided Vehicles—AGV

FMS, JiT, Lean,
TQM, ERP, pull systems,
embedded systems

CPPS, additive manufacturing (AM),
3D printing, process simulation and
modeling, new materials, energy
management solution personal design,
simultaneous planning of products and
production process, digital twin

diversification,
product innovation,
services, sustainability

personal product, co-innovation, IoS,
intelligent product with knowledge
of its own quality and production history,
end-to-end engineering, individual
innovation for personal product, block
chain technology, smart factory,
ecosystem

Humans and machines

Production
and materials planning

Product and market

smart production, CPPS

individualization,
personalization

Source: Based on [13,50].
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flexible, thus creating opportunities for strong links between products and services and
markets (customers) [63,64]. The new models of cooperation are built [65,66]. In Industry
4.0, cyber-physical technologies improve process control, communication, customization,
quality improvement, and innovation.
The last area concerns the relationship between the steelworks and humans. For years,
mills have appreciated the know-how of their employees, whose knowledge and experience
will be used in the evolution of the steelworks from level 3.0 to 4.0 [67]. However, when
building steelworks 4.0, it is already necessary to develop the employees’ skills to obtain
“skills 4.0”. In smart steel mills, people will not be looking for solutions to problems,
but devices, and people will work with them. In Industry 4.0, a human (employee)
is included in cyber-physical systems and creates with them: human–cyber–physical
systems (H-CPS) [68,69]. The interaction of the worker with machines is a vast topic and
already constitutes a separate additional stage of research [70,71]. After a decade since the
conception of Industry 4.0, politicians, scientists, and practitioners have noticed that the
human being must be at the center of the CPS. In January 2021, the EC published a paper
on the key paradigms of Industry 5.0 [72]. Referring to this construct (H-CPS), the steel
sector is taking action in the area of synergistically combining human and robot abilities in
the sense of a human-centered Industry 5.0 [73].
All relations described in this section should be analyzed through the prism of economic, ecological, and social conditions. Industry 4.0 is primarily to leave steel mills.
The “lean” concept is still valid during the transition of mills to Industry 4.0 [74,75]. It is
assumed that Industry 4.0 technologies will contribute to a decrease in production costs
in the long term (from the start of the investment). Intelligent technologies will enable
the optimization and self-improvement of processes. New technologies will be able to
independently solve many, if not all, production, logistics, service, and other problems [76].
The implementation of automation and robotics in steel mills in conjunction with the IoT
and AI is to lead to a higher level of development of the steel industry.
3. Materials and Methods
This study aims to “outline” a picture of the transformation of steelworks from level
3.0 to level 4.0. The work was based on literature review and case studies. The entire
publication concerns the possibilities of developing the steel sector to Industry 4.0 and the
changes already underway in steel mills, which bring them closer to steelworks 4.0. The
publication is based on secondary sources of information (desk research) on the subject
of changes in steel plants toward Industry 4.0. The nature of the information obtained is
qualitative (qualitative research). Research belongs to the category of general and descriptive research. The research was carried out according to the following stages: preparation
of information based on the literature review (databases: Web of Science—WoS, Scopus,
Google Scholar), the grouping of information by topic sections, and their communication.
Secondary sources of information regarding the possibilities of transforming steel mills to
Industry 4.0 were expanded with cases of practical applications of Industry 4.0 technology
in the steel mills. Used case studies are not representative of the whole industry. Three steel
producers (strong capital groups): ArcelorMittal, Thyssenkrupp, and Tata Steel were used
to show categories of investments in steel production and other processes. The choice of
these capital groups (companies) was dictated by the fact that these groups were active participants in European programs for Industry 4.0 and working groups in thematic projects
(information in Section 2.1). The following key was used to select the cases for analysis: we
analyzed the largest steel companies in the world, one company from the remaining top
10 steel producers, and another company from the top 50 steel producers for comparison
of steelworks 4.0 implementation. Random sampling was used within each group, and we
used the World Steel Production—Top steel-producing companies 2019 [77].
Capital groups (companies) used as case studies were highly ranked in the World
Steel Production—Top steel-producing companies 2019 [77]. ArcelorMittal, which is in
the list of world steel producers, has occupied first position for many years. Tata Steel is
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data. Thousands of sensors and devices (hardware) for collecting large datasets and their
processing have been installed in the corporation. Here are some projects at ArcelorMittal.
(1) Digital Excellence Centers are built close to the AM Group manufacturing facilities
around the world, enabling even faster development of new technologies from prototype to
maturity. (2) Collecting data from tens of thousands of “things”, data used to improve delivery efficiency. Control your deliveries using IC technology based on integrated delivery
metrics that measure delivery performance to customers (detailed metrics about customers
and how they want to receive materials). Information is available, practically, from anywhere (investment in ArcelorMittal USA). (3) Drones are used to improve operational
safety, efficiency and accuracy (investment carried out in many AM facilities). Drones
check maintenance needs, minimizing the risks to our employees who would have to work
at height to inspect the structure of the facility. Drones are also used to fly infrared cameras
at altitudes to track energy consumption. (4) Automation leads to increased productivity
and quality. Automated landfills are implemented, linked to a line schedule and transport
equipment such as autonomous cranes to identify and select coils for delivery to customers,
resulting in less inventory and shorter delivery times (investment in ArcelorMittal Dofasco
in Canada). Fully automated sheet metal plants (in the U.S., Canada, and Mexico) provide
the “scaling” required by key automotive customers. (5) AI —image recognition design and
AI model are used for instant and automatic decision making for weld release in hot rolling
mill (Canada plant) or AI image recognition, one for cold coil width measurement and the
other for automatic grading emissions to the environment (plant in Brazil). AI saves time
and leads to increased productivity. (6) Digital twinning-models used to optimize physical
resources and production processes using data collected from sensors. (7) Virtual training
(VT)—technology used in staff training (e.g., in the field of safety-simulations of threats or
accidents at work).
Case study 2: Thyssenkrupp. Source: a case based on [79]. The corporation carries out
investments worth 40 billion euros. Scope of the investment is as follows. (1) Connected
(interactive) value chain: the investment concerns selected steel products (rolled strips),
it consists of a digital network that tracks the entire chain from the supplier through the
manufacturer to the customers. The processes are connected to a digital network in the full
product life cycle. The cyber-physical system allows you to quickly respond to customer
requirements regarding deadlines, even concerning the starting material already at the
stage of production of semi-finished products (batch). Customers influence the production
of products. Customers place orders directly in the plant’s IT system and specify when their
order will be processed. Customers can make changes to specifications such as product
width and thickness until production begins. The interactive chain saves space and costs
for storing materials and products, freeing up capital that can be used for other purposes.
The investment is carried out in Hüttenwerke Krupp-Mannesmann. (2) Dialogue: productproduction. In this project, the physical world of things connects to data networks. Each
product has its unique identifier and goes through the production process, transferring a
large amount of data such as the customer for whom it is produced, its current processing
status, and in what state he left the previous stage of the process. The dialogue between
product and production is based on interfaces to the Internet. Project is implemented at the
plant in Ilsenburg.
Other investments (planned): (1) Cyber-physical systems—products and machines
equipped with memory to produce a specific type of product for a specific customer; all
elements in the production process with access to the web; the final goal: an “intelligent
factory” capable of self-management, learning, and flexible operation. (2) Designing 3D
installations—digital factory for the production line for the automotive industry—assembly
lines for the body, engines, and gearboxes; software tools will design entire production
lines of cars including machines, robots, and handling devices on the computer. (3) Faster
work thanks to 3D—hundreds of robots take care of assembling the complete product; all
robots, machine islands, and controls are assembled and tested in a (three-dimensional)
3-D simulation; product image to appear at the customer’s site; an approved (virtual)
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production line reduces the start-up time for a real production line. (4) Security in the
industrial data space: systems (and devices) for the fast and safe transfer of large amounts
of data, both internally and between companies—the final result is industrial data space,
with full control of its data by users. (5) New business models with smart products:
Retailers and logistics service providers are creating a digital ecosystem where everyone
is constantly informed about the location, condition, and demand of goods to provide
customers with everything they need. Post-project benefits: competitive advantage thanks
to new business models, intelligent products, and services.
Case study 3: Tata Steel. Source case based on [80]. The group’s plants are pioneers
in applying advanced analytics to steel fabrication and applying digital services across
entire supply chains. Basic investment: Digitization in the automotive value chain. It
is an investment tailored to the needs of the automotive sector—a key recipient of steel
products. The first stage of the investment is the digitization of production processes to
achieve a significant reduction in resources and improve equipment efficiency (OEE). The
ERP system is woven into the system of connections. System based on the megatrend:
CASE. The components of digitization are three main pillars: (1) smarter technologies; (2)
smarter connections; and (3) smarter services. To create smarter technologies, the Digital
Innovation Center is constantly experimenting with the latest technologies such as digital
twins, artificial intelligence, augmented/virtual/mixed reality, blockchain, and drones.
Smarter connections require the use of the Internet of Things (IoT across the entire value
chain). The vision of the future is a fully integrated ecosystem that is nurtured by the
flow of information between all stakeholders. The group works with leading institutions
to develop and standardize system components. Activities in the field of making steel
a smarter product are part of smarter services in which systems using material data,
material models, and intelligent algorithms create a data package about steel in its life
cycle. The group is constantly working on the development of new digital services for
smart factories, for example, quality management, dynamic process control, and predictive
maintenance. The main benefit of this investment will be to increase customer value.
Tata Steel monitors developments in the automotive industry and adjusts its strategic
production to the requirements of the automotive market.
5. Results of Analysis
Based on the three case studies described in the paper, a comparative analysis between
them can be conducted. Trying to compare the methods used in the three analyzed companies: ArcelorMittal, Thyssenkrupp, and Tata Steel, it can be seen that in all organizations,
the main problem connected with steelworks 4.0 transition is the digitalization of all processes within an organization and in the entire supply chain. This is realized using various
tools and methods, but they are concentrated on using technologies and methods such as
AI, drones, virtual reality, full automatization, and industrial robots. Effects are connected
with better relations with customers, which leads to an increase in customer satisfaction
and organizational profit. Additionally, using digitalization, steel industry companies can
achieve better supply management and lower storage costs. Some methods can lead to
the faster development of new products and can have a positive impact on the quality of
products. The results of the analyses are presented in Table 2.
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Table 2. Comparison of activities conducted by analyzed steel industry companies to adjust them to the steelworks
4.0 conditions.
Criteria

ArcelorMittal

Thyssenkrupp

Tata Steel

Digitalization

Organization want to digitalize
the whole supply chain and all
business processes.

Implementation of interactive
value chain.

Applying of digital services
across whole supply chain.

•
•

•
•
Examples of
activities

•

•

•

digital Excellence Center,
implementing of the IC
technology to control
devices,
use of drones in the safety
improving process,
fully automated sheet
metal plants,
using of Artificial
Intelligence in decision
making process,
using of digital twinning
models to optimize
resource management,
implementation of virtual
technology in training of
staff process.

•

•

•

•
•
•
•
•

•
•
•
•
Effects

•

•
•
•

reduction of recording
costs,
reduction of storing costs,
faster development of new
technologies,
faster and better
processing of data,
possibility of measure
delivery to customers
performance,
faster and easier access to
information,
better productivity and
higher quality level,
shorter delivery time.

•
•
•

•
•
•
•
•

implementation of digital
network tracking entire chain
from suppliers,
new IT systems give customers
possibility to make changes in
specifications until production
begins,
new system gives unique
identifier to each product which
increase the traceability of the
parts and products,
Cyber-physical systems used in
production,
new possibility of 3D designing,
using robots in assembling
process.
new security systems.
possibility of faster rate of
response on customer
requirements,
better contact with customers,
better meeting of deadlines in
production processes,
increase of influence of
customers on production
process,
better usage of space,
lower costs of storing materials
and products,
faster designing process,
better security, full control on
data and their use,
competitive advantage because
of new business models leading
to better products and services.

•
•
•
•
•

•

•
•
•
•
•

digitalization of
production processes,
better integration of ERP
into organization,
implementation of system
based on megatrends,
implementation of Digital
Innovation Center,
using of artificial
intelligence, augmented
reality, block chain
technology and drones
within organization,
implementation of Internet
of Things across the whole
value chain.

improved equipment
efficiency,
better flow of information
between all stakeholders,
better standardization of
components,
better quality of products,
increased value for
customers.

Source: Based on: [78–80].

6. Discussion
There are industries on the market where technological progress is implemented faster
and easier as well as slower industries, where the method of production implemented is
very often a technical and economic barrier to radical changes. The first group includes
the automotive industry, production of household appliances, clothing, footwear and food,
and the second group includes the mining and quarrying industry, metallurgy, process
industries (e.g., fuel industry, energy industry). In sectors where the life cycle of devices
is counted in decades (steel industry, mining industry, energy industry), changes are
slower than in sectors of the first group. Despite the classification of the steel sector to
industries that implement new technologies slower, based on the literature review and
the cited cases, it can be confirmed that the evolution of steelworks 3.0 toward steelworks
4.0 is being realized. The scope of changes is segmented and staged. Individual plants
choose the scope of the changes [20]. The benchmarks on the steel market are strong
capital groups that are leaders in world steel production. In the analyzed plants, the level

Energies 2021, 14, 4109

14 of 22

of development (progress) of investments was different. However, there were common
(duplicated) stages in plants. Such stages include changes at the organizational level and
the developed digitization of plants [7]. The following plants have established a digitization
committee and digitization centers. For many years, steel mills have been the digitization
of processes, and in recent years, the digitization of entire plants and entire value chains
has intensified [15].
Projects in steel mills are implemented with particular emphasis on the needs of the
customer, which is the automotive sector, being one of the key recipients of steel (second
position after building and construction). The automotive sector has introduced many solutions in recent years that have brought it closer to Industry 4.0 (e.g., case 2 Thyssenkrupp
and case 3 Tata Steel). The cooperation of steel mills with this sector brings steel mills closer
to Industry 4.0. Sectors work together to create common, modern links in the value chain.
The steel industry and related (related) markets have already introduced many changes,
mainly geared toward specialization and the creation of added value. In recent years,
companies have offered new services related to steel processing and adaptation of products
to order specifications (e.g., anti-corrosion coatings, cutting long products, assembly of steel
structures), and many steel product distributors have completed investments to increase
warehouse space and automate warehouses [60].
The challenges for the steel industry, and at the same time, opportunities for development are digitization and differentiation of production, full automation, robot operation,
production to order, customization, improvement of value creation processes, full communication, quick access to data, and AI. The design of Industry 4.0 is very broad, it creates a
set of innovative production techniques, and the principles of operation and organization
of enterprises in entire value chains that are interwoven into cyber-physical systems with
access to the Internet of Things and cloud computing [81–83]. The future will be created by
steel mills operating in global networks with cooperating machines, warehouse systems,
and production at CPS. The Fourth Industrial Revolution is characterized by the introduction of the Internet of Things (IoT) into manufacturing, which enables smart factories with
vertically and horizontally integrated production systems. The characteristics of a smart
plant are [81–86]:

−

−

−

−
−

−

smart maintenance with machines that adapt to the information relayed from the
devices to avoid or reduce downtime and with machines can think, according to the
solutions proposed in the predictive maintenance [87–89];
big data and smart analytics: thousands of sensors on the production line and visibility
of data obtained via IIoT and CPS collect and present the data to improve operational
efficiency [90];
monitoring of devices work in real-time and process optimization: operations can be
managed and maintained remotely via IIoT and by using modern technologies and
systems, can suggest solutions for self-optimization and can be adapt to changing
operational conditions [91];
utilities (sustainable) management—all business activities toward energy and resources efficiency in the production of goods [92–94];
full automatization of repetitive operations to improve on efficiencies and improve
on the quality of products and flexibility of the production—requirements without
complex changeovers [83]; and
smart supply chains: an end-to-end integration of the product enables operations to
manage the smart plant supply chain in terms of raw materials required, production
produced and customer deliveries, mobility solutions enable the organization to
manage and execute processes or decisions in real-time at the production operations—
the operations must be able to adapt to dynamic changes (e g. changes in products
specifications and orders) [83].

The list of characteristics of a smart plant is wide open. Industry 4.0 technology offers
many opportunities for change for many industrial sectors including steel mills. These
changes in case studies should be taken as examples of changes happening in steel mills.
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The analyzed case studies do not represent the global steel industry, which is diverse, as
do the economies of which the steel mills are part. The steel industry is facing significant
challenges due to cost, regulations, product, and service requirements. According to Naujok
and Stamm [95], challenges for metal businesses are heterogeneous product portfolio,
stronger and more durable steel, shorter product-life-cycles in the downstream business,
improving the European steel market (utilization of unused capacity), shorter innovation
cycles, optimized service, process complexity and flexibility, sustainability efforts in the
downstream business, and efficient use of resources and energy. A total of 59% of Metals
CEOs (base: all respondents Metals, 37) think that digital technology will be a game-changer
for the industry and will reshape competition over the next five years [96]. Digitalization is
the technical achievement of the Third Industrial Revolution and Industry 4.0 is the new
concept of the Fourth Industrial Revolution. Industry 3.0 allows for flexible production and
a higher variety of products and programmable machines, however, flexible production in
terms of quantity was still a limitation [18]. Industry 4.0 is defined as “the flexibility that
exists in value-creating networks is increased by the application of Cyber-Physical Systems
(CPS). This enables machines and plants to adapt their behavior to changing orders and
operating conditions through self-optimization and reconfiguration” [97]. Industry 4.0
technology is not fully homogeneous, so enterprises have a large selection of solutions that
characterize Industry 4.0. Some of the solutions have been presented in papers as case
studies based on ArcelorMittal, Tata Steel, and Thyssenkrupp. The studies can be expanded
with other examples and inspire further discussion about the level of transformation of
steel mills. Initiatives under Industry 4.0 would lead to distributed, highly automated, and
dynamic production networks with ten key technological enablers driving them. These
enablers (KETs) are the Internet, IIoT, blockchain, big data, edge and cloud computing,
robotics, human–machine interaction, artificial intelligence, and open-source software.
The automation of the industrial systems is going to be achieved through interconnected
cyber-physical systems (CPS) in Industry 4.0; thus, allowing the industrial infrastructure
and production processes to transform into an autonomous and dynamic system [98]. In
terms of digitalization, steel producers are linked with other industrial sectors. Currently,
the process is not always easy because of problems with the usability of new technical
solutions [99].
Technological developments, especially in the sphere of telecommunications, which
have been defined as a part of “Industrial Revolution 4.0”, have created completely new
conditions for logistics. Solutions and concepts such as low-cost sensors, “Big Data”,
“IoT”, “Cloud Solutions”, and others have not only generated new solutions, but also,
thanks to the connection with the fifth-generation mobile network (5G), have created real
conditions for logistics management in real-time, regardless of the length of the supply
chain. This is a new quality in the functioning of logistics, which generates further needs
for practical knowledge, the indication of operating conditions and threats as well as
costs of the proposed and possible solutions. Questions arise about the need and scope of
implementation of concepts and solutions such as “Industry 4.0”, “Logistics 4.0”, “Supply
Chains 4.0”, and also the scope and areas as well as the effects of digital transformation
and many other solutions and concepts that radically change the way of creating value,
competing, and serving customers, in the steel market [100].
The first results of field research on the current state of digitalization in the European
steel industry are presented in scientific publications [75]. In this paper, we present the
results (online questionnaire) carried out in the steel sector in the EU (the dominant segment
was large steel companies). The results are presented by Branca et al. in three areas: strategy,
technical aspects, and human relations (HR) [75]. The strategic areas of change for steel
producers in terms of the technology challenges of Industry 4.0 are digitization, automation,
Internet of Things (IoT), analytics, cybersecurity, and process integration (PI), both for
horizontal and vertical integration. Steel plants prefer (at this stage of development) digital
technologies used in process chain control and where big data management is required.
Industry 4.0 technologies are also applied in the areas of maintenance, administration,
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quality control, and human resource management. Some of the Industry 4.0 technologies
have already been integrated into production processes and others are planned for future
investments in the short term (i.e., three years) [75]. Steel producers expect that Industry
4.0 technologies will contribute to cost reduction and quality improvement, increased
safety in the workplace, and environmental benefits (reduction of emissions, waste and
resource consumption)—results of the green transition of the steel industry. The initiated
technological investments in steelworks will result in changes in the professional profile of
a steelworker. In 3–5 years, increased demand for employees with digital competencies
can be expected [75].
Industry 4.0 technologies enable higher quality steel products. Using the Quality 4.0
(Q 4.0) methods and tools, organizations can adjust and improve the implementation of
Industry 4.0 technologies into an organization. Quality plays an important role in the
industry and benefits in real-time process monitoring and data collection [101]. Better
technologies improve the quality of steel products [102]. Authors (Vannocci, et al.) made
a comparison between different traditional machine learning and deep learning models
in the field of flatness defects in hot steel strips (a total of about 513 strips produced in
real steelworks were used for the research) [103]. A new generation of technologies fed
with real data from the plant automatically detect and classify product defects and, most
importantly, remember them and suggest (“show”) possibilities of their elimination using
decision-making algorithms based on artificial intelligence [104].
The most obvious benefit of the study for other organizations from the steel industry
is our findings that in all of the analyzed organizations, the process of transition from
steelworks 3.0 into steelworks 4.0 is similar, and concentrated on the digitalization of the
organizations’ production processes and value chain. This is a very beneficial process, leading to better fulfilment of customer requirements due to higher quality, better information
flow, and decrease of many costs connected with supply chain management and product
development. There is still a long way to go in the transformation process of steelworks
to Industry 4.0, and already, another concept called “Industry 5.0” has emerged [72]. The
evolution of industrialization from Industry 4.0 to Industry 5.0 is a result primarily of the
need to expose the role of humans in cyber-physical systems. The first mention of the role
of operators in Industry 4.0 appeared in Romero et al. [68,69]. It was pointed out in their
paper that symbiosis between humans and new technologies is needed. The authors [68,69]
proposed the introduction of the human factor into cyber-physical systems. The new
system construct is called human cyber-physical system (H-CPS) [69]. Referring to this
construct (H-CPS), the steel sector is taking action in the area of synergistically combining
human and robot abilities in the sense of a human-centered Industry 5.0 [68,69,105–107].
Colla et al. presented the results of a field evaluation of a robotic workstation, which
was designed for a complex maintenance operation that is performed daily in the steel
shop. Following the assumption of Industry 5.0, the workstation presented in the paper is
human-oriented [73]. Its construction followed the paradigm of the symbiosis of social and
technological development (Industry 5.0). Workstations designed in this way in steelworks
serve to more effectively reduce burdensome operations and improve health and safety
conditions for workers, and the effects (results) are perceived by users and developers of
the system [73].
In the pursuit of industry 4.0, a balance must be struck between the technology and
its environmental impact. Environmental aspects in the steel sector are important in
technological developments. Steel production has a number of impacts on the environment
including air emissions (CO, SOx, NOx, PM2), wastewater contaminants, hazardous
wastes, and solid wastes [108]. New technologies of Industry 4.0 can help steel mills be
more sustainable. The steel industry is the largest consumer of energy in the world among
industrial sectors. Steel production is an energy intensive process that has a significant
environmental impact [93,94,109]. The reduction in the availability of resources combined
with the effects of global warming and climate change have increased pressure on the steel
industry to reduce its overall pollution, specifically its water and carbon footprint.
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7. Conclusions
Industry 4.0 is a wave (megatrend) for intensive technology modernization (deep
automation, robotization) and digitization in the industry. Quoting Peters [7], Industry 4.0 is
a “merging of information processing with the physical process”. The base technologies of
this industry (KETs) enable steel mills to improve complex processes as well as their analysis
in real-time, have better control over quality and safety in every area of the company’s
operations, and above all, instant and easier communication via P2P and M2M. In the steel
industry, thanks to strong capital groups, investments in steel plants have already started,
preceded by many years of the digitization of technical processes, which now facilitates
process control (process management) and building cyber-physical connections in entire
production systems and value chains. Our hypothesis (H1) on a segmental and partial way
of steel mills from steelworks 3.0 to steelworks 4.0 was confirmed.
Based on the research, it can be said that companies in the steel industry implement
Industry 4.0 solutions in a complex way. They want to digitalize all of their activities
within the organization and across the whole supply chain (Q1). When we analyzed the
business areas where new solutions were being implemented, they were connected with, for
example, staff training, new product development, logistics and stack management, ERP
implementation, use of new technologies like artificial intelligence, blockchain, augmented
reality, etc. (Q2). We did not observe many differences between the analyzed companies in
the case of the Industry 4.0 implementation scope. All analyzed steel companies are doing
similar activities to implement new solutions. The differences were in minor particular
activities—these differed in every analyzed company, but the conception and scope of
change was very similar (Q3).
The steel industry will undergo further strong changes, bringing it closer to Industry
4.0 because it occupies an important place in the economies of many countries due to the
strong dependence of steel producers on the markets of the recipients (steel consumers).
Steel is the basic material needed to make many products, and its properties have been
valued for centuries. Activities of steel mills in the economic, social, and environmental
fields are part of the concept of sustainable industries and economies. The steel industry
is evolving toward Industry 4.0, starting mainly with high levels of automation, which is
an evolution or gradual adaptation rather than an industrial revolution. On the way to
Industry 4.0, steel plants should find the symbiosis of technologies with humans according
to Industry 5.0. The new level of industrial development is based on the strong relations
between new technologies and sustainability and changing the place of humans in the CPS
toward H-CPS. In the process of transforming the steel sector (steelworks) into Industry 4.0,
a balance must be struck between the technology and its environmental impact. Ecological
aspects in the steel sector have been and are a priority in the development of this industry.
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