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Abstract. The technological transformation in the European steel industry is driven by digitalization, which
has the potential to strongly contribute to improving production efﬁciency and sustainability. The present paper
describes part of the work developed in the early stage of the project entitled “Blueprint ‘New Skills Agenda
Steel’: Industry-driven sustainable European Steel Skills Agenda and Strategy (ESSA)”, which is funded by the
Erasmus Plus Programme of the European Union. The project aims at achieving an industry driven, sustainable
and coordinated blueprint for addressing the economic, digital and technological developments, as well as
increasing energy efﬁciency and environmental demands through continuously update of qualiﬁcation,
knowledge and skill proﬁles of the workforce. On the one hand, main aspects of the current state of the
technological transformation in the steel sector are described through the analysis of the main recent innovation
projects and developments. On the other hand, survey results from a dedicated questionnaire addressed to the
European steel companies are analyzed, providing an overview on the (planned) technological transformation
affecting the steel sector. The existing levels of plant automation and the possible adoption of the new paradigm
of Industry 4.0 are discussed, by also considering the possible impact on the workforce. Main results are that the
steel industry foresees an implementation of almost all Industry 4.0 technologies not only for competitive but
also environmental improvement. Because this is foreseen in an incremental way upskilling of the existing
workforce is a precondition, not only because of recruitment difﬁculties on the employment market but also
because the existing qualiﬁcation and experience of the workplace is necessary to unfold the full potential of
digital and green transformation.

1 Introduction
The current industrial transformation results from several
industrial revolutions over the last two hundred years.
From the late 1800s and early 1900s Industry 1.0, based on
the mechanization of work, led to the electriﬁcation of work
of Industry 2.0. After this period, in the early 1960s, the
automation of work characterized Industry 3.0. More
recently, in the ﬁrst decades of the new millennium the
digitalization of information, supporting the intelligent
automation and the ever-increasing computational resources, characterized Industry 4.0. The term Industry 4.0,
originated in Germany [1,2], indicates the fourth technological revolution and refers to the implementation of
advanced automation solutions in production technologies,
supported by a variety of digital technologies. Such concept
* e-mail: colla@sssup.it

includes machine-to-machine communication, Artiﬁcial
Intelligence (AI) [3] and Industrial Internet of Things
(IIoT) [4] for improving self-monitoring, diagnostic,
forecasting and self-optimization [5] capabilities of automation systems [6]. Industry 4.0 was considered a new
industrial stage, where different emerging technologies are
converging to provide digital solutions, leading to the
smart factory concept [7]. Concerning the steel sector, the
1st industrial revolution was characterized by the
introduction of coal-powered steel engines. It represents
the ﬁrst fundamental shift in the optimisation of industrial
processes, leading to productivity increase and to ﬁrst
interactions between workers and machine tools. The 2nd
Industrial Revolution was characterized by the invention
of the production area, the improvement of transportation
technologies and the electriﬁcation of industrial processes.
These aspects led to produce cheaper steel through the
Bessemer process and to introduce the open-hearth
furnace. The 3rd Industrial Revolution was based on the
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introduction of a progressive automation of manufacturing, reducing manual work and increasing the industrial
production. In addition, the development of work in
assembly lines, focusing on optimisation and removal of
inefﬁciencies, and based on the integration of computers to
control the whole production process, represented a key
aspect [8]. Finally, in Industry 4.0 breakthrough innovations have been integrated in process automation, including Cyber Physical Systems (CPS), Big Data analytics and
Decentralised Control Systems. In particular, CPS are
composed of physical subsystems equipped with computing
and networking resources/facilities to monitor and control
physical processes, where physical processes affect computations and vice-versa [9]. In addition, big data analytics
refer to processing of large, heterogeneous and unstructured process and product data for identifying quality
problems and reducing the product failures [10,11]. Finally,
self-organizing production is related to the decentral
solutions based on a new combination of resources,
equipment, and personnel, with a close mutual interaction
and supported by distributed computational resources,
leading to the real-time control of production networks [12].
However, it has to be stated, the industrial development phases from Industry 1.0 to 3.0 could not be seen as a
linear and positive development process. According to
Schumpeter’s Creative Destruction [13] the industrial
revolutions are compared by societal injuries (job losses,
emissions, deaths of workers, etc.). If this will be the same
for the 4th industrial is not quite consensual: While some
scholars expect disruptive changes [14], others foresee
mainly incremental impact via innovative technologies
updating and supporting of existing procedures (esp.
because of the already existing high automation of
production processes) and new jobs appearing [13,15].
Concerning the workforce implications, equivalent scenarios are under discussion: from substitution of work via
robots and related massive job losses over the polarization,
to higher and lower qualiﬁcations and tasks (by decreasing
the middle operative level), as well as new cooperation
between different levels and working areas, and crowd
working on virtual or digital connected platforms [16,17].
In the transformation of manufacturing industry digitalization is considered as a core technology. It is expected to
impact and transform industry, mainly through a substantial improvement of the entire value chain. Nevertheless,
its effective implementation in the business activities
continues to be slow [18]. In the incoming years, the most
important drivers that professionals and decision makers
need to take into account are sustainability, digital
transformation, innovation and entrepreneurship [19].
In order to measure the achieved level of digitalization
in a country, the European Commission developed a
composite measure (the Digital Economy and Society
Index (DESI),) summarizing indicators related to the
digital performance and digital competitiveness of the
European Union (EU) member states [20]. According
to [21], the way to implement the Industry 4.0 paradigms
consists in integrating technologies, enabling ecosystems of
intelligent, autonomous and decentralised industries and

integrated product-services. The expected results concern
the reduction of the complexity of industry operations, as
well as the increase of their efﬁciency and the reduction of
costs. In this scenario, for instance, a new cross-functional
business unit (DIGI&MET) was developed in order to
implement new plant design concepts, based on digital
innovation, and also new business models [22].
In the incoming years, the adoption of the new digital
technologies, particularly based on advanced automation
and AI, is expected to produce signiﬁcant transformation in
industrial activities, although this transformation is
already underway. Promotion of economic growth and
industrial competitiveness is expected. In addition, the
increase of digitalization in the industrial environment will
lead to recruitment of younger workforce, which is
generally more familiar with digital tools. However, some
negative aspects for economy and labor market can affect
companies, such as skill shortages and mismatches,
increased labor costs, production losses due to unﬁlled
vacancies, and higher social costs due to higher unemployment rates [23]. In this context, the European steel industry
is driving innovation in digital and green technologies, and
plays a key role in progress, economic growth, and job
opportunities [24]. This sector is highly specialised in
production and implementation of cutting-edge technologies and high value added products and solutions [25]
through the investments in Research & Development &
Innovation (R&D&I) [26]. In addition, sustainability and
CO2 emissions reduction represent innovative challenges
and opportunities for companies to maintain their
competitiveness. On this subject, the EU should support
the steel sector in the elaboration of an industrial strategy
based on innovation, trade, sustainability and skills [27,28].
The concepts of digitization and sustainability are
becoming increasingly important and, therefore, they may
represent drivers for the evolution of the EU steel industry.
In spite of the large research activity on individual concepts
like digitalization, digital transformation, Industry 4.0
applications, etc., the interdependency between Industry 4.0
and sustainability was shown. In particular, sustainability
is one of the main beneﬁts of Industry 4.0, together with
productivity optimization or automated knowledge. In
addition, in manufacturing processes, the concepts of
Industry 4.0 can enhance operations to improve the
environmental sustainability of the production processes
[29,30]. The aspects related to Circular Economy have a
key position in EU policy, as the use of resources and
products in a more efﬁcient way can contribute to reduce
industrial emissions and to improve EU industrial growth.
A recent report [31], including different sectors, such as plastic,
cement, aluminum and steel, showed an ambitious circulareconomy scenario by 2050. In addition, digitalization can help
to derive, handle, analyse and understand data and complex
information ﬂows [32]. Furthermore, it can both catalyse
sustainable societies and circular economies, resulting in new
industries, new jobs, innovations and opportunities. The
circular transformation can provide also innovation and
prosperity to labour market and foster economic growth,
resulting in more affordable transition costs.
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Concerning future perspectives, research programs and
activities play a crucial role for implementing Industry 4.0
concepts in steel industry. For instance, 156 projects,
funded by the Research Fund for Coal and Steel (RFCS),
involving digitalization and Industry 4.0-related technologies, were recently identiﬁed [33]. An investigation about
the current research initiatives implementing Industry 4.0
principles and technologies in the EU steel sector was based
on an approach including systematic review of funded
projects, patents analysis, expert interviews and a
qualitative survey of academics and practitioners working
in the steel sector [34]. Results showed that Industry 4.0 is
perceived as important for the steel sector, and the
expected results mainly concern process efﬁciency and
possibility to develop new business models. It is also seen as
an opportunity to develop intelligent support systems for
the workforce. In addition, the lack of qualiﬁed personnel is
perceived as one of the main issues. On the other hand,
short payback requirements can represent an issue for
implementing Industry 4.0. In addition, internal management is considered a driving force for implementing
Industry 4.0 projects, due to its cross-cutting nature. Steel
manufacturers tend to rely on external expertise and to
cooperate with external partners to implement Industry 4.0
concepts and related tools and technologies.
Although some ﬁrst attempts to apply AI to process
modelling and optimization were carried out in the 90-ies,
over the last decade the signiﬁcant evolution and increased
availability of computational resources opened far greater
opportunities for AI in steelworks. Therefore, nowadays in
the steel sector signiﬁcant technological applications are
ongoing. For instance, applications of Big Data and
Integrated Intelligent Manufacturing (I2M), as well as
applications of AI to process modelling and optimisation
are currently being explored to increase energy efﬁciency
[35,36] and reduce CO2 emissions [37,38]. In addition, to
reduce energy consumption and environmental impact,
new methodological approaches can lead to better
management of resources, such as waste materials reduction, recycling improvement, and reduced natural resources exploitation [39–41]. Furthermore, Digital Twins can
be used for planning and control plant activities. If
products and plants are digitally connected, intelligent
automation of processing steps can be achieved, including
real-time traceability of objects and their states [42–44].
In a recent review paper, current technological transformations and main developments funded by EU Research
Programs were described and analyzed along with impact of
digitalization on workforce and economic developments in
the steel sector [45]. As highlighted in this work, the future of
digitalization in the steel sector will be based on integration,
for instance, of Information Technology (IT), automation,
optimization technologies, adaptive online control, throughprocess optimization, through-process synchronization of
data, zero-defect manufacturing, traceability and intelligent
and integrated manufacturing. In addition, the challenge of
digitalization is based on vertical, horizontal and transversal
integration of systems and production units as well as along
the whole lifecycle of the plant production. However,
automation of processes already involved the steel production chain, leading to reduction of manual labour.

3

The recruitment shortage in the steel sector is mainly
due to different factors (e.g. lack of adequate proﬁles,
difﬁcult integration of new technologies, in particular
among older workers and employees, age gap between
current and potential workforce, low investments in
training and education, lack of strategies on long-term
competences). Even in the transition from Industry 3.0 to
Industry 4.0, the main fear was represented by workers’
replacement by machinery. In particular, automation and
robotic generate new job proﬁles, but can also produce job
losses. For this reason, creation of new jobs and workers’
retraining represent signiﬁcant future challenges [46]. On
this subject, potentials and opportunities of human-robot
interaction [47] were implemented in a steelmaking process,
by also considering a social innovation paradigm [48]. In
particular, robot can contribute to improve workers’ health
and safety conditions by carrying out the most cumbersome activities, while workers supervise the operations [49].
For all these reasons, and due also to skills gaps,
mismatches and shortages, the steel industry is committed
to face these issues through new strategies and initiatives.
They are based on up-skilling and re-skilling programmes
to improve interdisciplinary skills and preserve competitiveness. In the context of Industry 4.0, the workforce will
be required to interact with digital devices and trust in new
technologies, moving away from monotonous and repetitive works. This will lead to improve skills, such as
teamwork, problem-solving and decision-making, as well as
to a continuous learning process. The implementation of
smart and digital components in the steel sector could
attract more highly educated candidates. Furthermore, the
process to low-carbon competitive steel industry will
produce an increasing demand for research engineers and
technicians holding competences on material recycling and
resource optimization. Strategies for attracting and
retaining qualiﬁed people, such as educational programs
implemented in collaboration with universities and
Vocational Education and Training (VET) institutions,
can help to enroll more qualiﬁed workforce. A recent study
was focused on gathering perceptions on current and future
steelmaking workforce in the European steel sector from
key stakeholders, students, graduates and jobseekers with
a STEM (Science, Technology, Engineering, and Mathematics) background [50]. In addition, the main drivers and
barriers affecting steelmaking as a possible career choice
were identiﬁed, with a speciﬁc focus on skills supply and
demand, aiming at providing a clear understanding of the
mismatch between demand and supply to a long-term skill
strategy. The work presented in this paper is part of the
Erasmus+ Blueprint project entitled “New Skills Agenda
Steel: Industry-driven sustainable European Steel Skills
Agenda and Strategy” (ESSA), started in January 2019.
The ESSA project focuses on the development of a
Blueprint to achieve sustainability in the steel industry,
according to the fast increase of inﬂuence and requirements
of Industry 4.0. The project aims at improving the
competitiveness of the European steel sector via proactive
skills adjustment, also including energy efﬁciency and
environmental aspects. Based on continuous training
activities, workforce’s skill improvements can be achieved,
according to the sector demands. In particular, some
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Fig. 1. % of the enterprises involved in the survey.

signiﬁcant challenges, crucial for Industry 4.0, can be faced,
such as re-skilling of current employees and increased
attraction and recruitment of talents. [51,52].
This paper presents a (still limited) ﬁrst spotlight on
the foreseen implementation of Industry 4.0 technologies in
the steel sector and its impact on the workforce by the
results of a survey carried out to overview the current state
of digitalization in European Steel Industry. The existing
level of plant automation and the adoption of the new
paradigm of Industry 4.0, including the resulting impact on
the workforce, were assessed. To this aim, a questionnaire
was developed and launched during the early stages of the
project, which was addressed to European steel companies.
The paper is organized as follows: Section 2 presents the
structure of the questionnaire; then, the survey results are
discussed in the Section 3, by considering the planned
Strategy, Technical Aspects and Human Resources (HR)
impact; ﬁnally, in the Section 4 some concluding remarks as
well as some notes on the future work are presented.

2 Structure of the questionnaire
The survey aimed at collecting information directly from
the various company’s representatives, concerning the
current state of the digitalization in the European Steel
Industry. The on-line questionnaire was partly structured
and partly unstructured. Structured questions provided a
predeﬁned set of responses, while unstructured questions
(i.e. questions with open answer) provided deeper
information on the respondents’ opinion, to explore and
collect new ideas. The questionnaire was organized into
different sections, as follows: General information, Strategy, Technical Aspects and HR. The ﬁrst section mainly
includes country, company size (e.g. Small and Mediumsized Enterprise-SME, Medium Enterprise, Large Enterprise), type of product, production route and output. The
sample considered in the analysis mainly includes large
companies (see Fig. 1) located in several European
countries, as depicted in Figure 2.
The second section includes questions related to the
implemented strategy, such as traditional solutions applied
before Industry 4.0, state of digitalization, priorities on
digital technologies and which of them will be adopted, how
they will affect workforce, company’s involvement in

research projects on digitalization (past, current and
future/planned ones). The third section proposes questions
related to technical aspects, such as awareness of
opportunities and threats from additive manufacturing,
areas of applications of digital technologies, expected
beneﬁts and major barriers. The fourth section, concerning
HRs, includes questions about gender balance, age proﬁle,
percentage of each category of employers with higher
education, foreseen evolution of workforce size in the
incoming years, awareness of each staff category about
digital competences demands, and training programs on
Industry 4.0 topics.
The representativeness of the survey results in terms of
general information, such as origin country of respondents,
company size, production route and product types, was
taken into account. In particular, answers primarily
involved several professional proﬁles, e.g. board director,
plant managers, Information Communication Technology
(ICT) managers, HR managers. In addition, both production routes are represented (i.e. blast furnace route, based
on iron ore, and electric route, based on scrap), with a
majority of respondents coming from the integrated route.
Finally, as far as product types are concerned, they were
mainly represented by ﬂat products.

3 Results and discussion
3.1 Strategy
In the ﬁrst part of the questionnaire the state of
digitalization and plant automation in the steel industry
before Industry 4.0 was evaluated. In addition, the level of
knowledge and interest on Industry 4.0 enabling technologies were assessed. Results provided signiﬁcant level
(77,78%) of automation, while lower levels of Basic
Automation (BA) and full Process Integration (PI) were
detected. Furthermore, standard solutions, such as
Computer Aided Design (CAD), Product Data Management (PDM), production control system, are currently
adopted. As shown in Figure 3, results conﬁrm the
commitment of European steel companies to technological
improvements as a way to increase competitiveness.
The priority and importance for more or less all
companies involved in the survey were mainly focused on
Internet of Things (IoT), Analytics, Cyber Security and PI,
both horizontal and vertical integrations. In particular, PI,
mainly based on IoT, allows communication among
different units, but also leads to security issues. In
particular, IoT concerns a fully connected world, in which
various objects networked and connected by collecting and
exchanging data and information [53]. An online monitoring system based on IoT architecture is typically composed
of four layers: sensing, network, service resource and
applications. For instance, a similar system was implemented in a real continuous steel casting production
line [54]. Therefore, the listed priorities reﬂect future trends
about interconnectivity and automation.
The survey results showed a general trend about the
high awareness of new technologies, although they have not
been applied yet. In particular, currently the most
investigated and applied technological ﬁelds in the steel
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Fig. 2. The European countries involved in the survey.

Fig. 4. The planned investments within 3 years.
Fig. 3. Traditional solutions currently applied in the European
steel companies.

sector are IoT, Cloud Computing, Analytics, Cyber
Security and Product/Process Virtual Simulation. Concerning investment plans, results highlighted the strategic
relevance of the selected technologies in the short term. In
particular, as shown in Figure 4, in the next few years, the
investments on Industry 4.0 technologies will be particularly focused on Cyber Security, Analytics and IoT

applications (highlighted in orange in Fig. 4). Additive
Manufacturing (AM) is a speciﬁc 3D printing process,
which in industry makes it possible to build lighter,
stronger components and systems, by depositing material
according to digital 3D design data. In the steel sector this
technology opens up the possibility to develop innovative
alloys. The answers of a speciﬁc question on AM conﬁrmed
some awareness about the opportunities and threats,
although AM is not among the main planned investments.
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Fig. 5. Digitalization in the areas of companies involved in the survey.

Fig. 6. The expected beneﬁts from adopting enabling technologies.

These results conﬁrm steel industry commitment towards
Industry 4.0 through planned investments, to increase its
competitiveness.
Concerning the impact of digital technologies on
workforce, increasing training, requirement of new skills
and upgrading of existing ones were considered as the main
impacts, while workforce deskilling was indicated as less
affected. On the other hand, impacts on employees were
identiﬁed, in particular: improvement of work conditions
(e.g. workplace), health and safety, increased working time
and work-life balance.
Finally, another aspect, which was taken into account
in the survey, concerned the participation in the European
joint research projects on digitalisation. Results showed the
current involvement of some companies, while other ones
planned to participate. Nevertheless, signiﬁcant percentages of the interviewed companies are not involved. In
particular, about half is currently involved in few projects
(< 5) and the remaining is equally divided in up to 10 or
more. In addition, increasing interest in joint research
projects was detected.

3.2 Technical aspects
Concerning the investigated technical aspects, by considering the areas where digital technologies are applied,
expected beneﬁts and major barriers to be overcome during
their application were considered.
Survey results (see Fig. 5) showed that digital
technologies are applied in the process chain control,
and where management of large amounts of data is
required (i.e. production, business, etc.). In addition,
maintenance, administration, quality control and HR
management are mainly considered in the application of
digitalisation.
Concerning expected beneﬁts from adoption of enabling
technologies, results showed a homogeneous distribution of
listed beneﬁts (see Fig. 6), with higher results mainly
focused on production in terms of cost reduction and
quality improvement, as well as on increased workplace
safety. In addition, environmental beneﬁts, such as
reductions of emissions, wastes and resources consumption,
are ranked high in the results.
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Fig. 7. The distribution of the main digitalization barriers.

Concerning the main barriers affecting adoption and
application of new technologies, results were mainly
focused on the central categories, based on their importance (Less important, Moderately important, Very
important), as shown in Figure 7.
In particular, the proposed barriers were enough
uniformly distributed as Moderately important. Furthermore, cost of investment is the most relevant barrier among
Important categories. On the other hand, as shown in
Figure 7, know-how protection was considered as the least
important barrier.
As also shown in Figure 7, the barriers affecting aspects
related to workforce, such as lack of highly skilled
workforce, skill gap and acceptance of new technologies
by the workforce, were highlighted as Moderately important, but they were also pointed out as signiﬁcant among
the important barriers. In addition, obsolescence of plant/
infrastructures and equipment and compatibility with
existing technologies and process were highlighted as the
most Important barriers.
3.3 Human resources
Regarding workforce proﬁles, focused on HRs and current
and future workforce over the last 5 years, age and
education were taken into account. Although lack of data
and data inhomogeneity were detected, the following
aspects were highlighted:
– An imbalance between male and female percentages,
with higher percentage of males in all the three
considered areas, i.e. operations, administration and
services, with the maximum imbalance in the operation
area.
– Concerning age proﬁle, the values are reported in
absolute value. According to the available valid data,
results showed a slight workforce age redistribution
during the period from 2015 to 2019. In particular, a
certain stability in each presented age class (lower than
25 and between 25 and 34 years old) can be estimated,
with a substantial rising in the last two years for
personnel from 35–44 years old. On the other hand, the
45–54 age class showed an opposite trend, i.e. a decrease
from 2015–2016 to 2019. The last groups (between 55 and

64 years old) showed a stabilization in the overall
considered period, while the over 64 age group presented
a moderate increase.
– Higher education represents a requisite for most
production managers and engineers compared to technicians, operators and apprentices/trainees.
– Concerning workforce development in the next 3–5 years,
the sample was subdivided between the increase and the
decrease of the trend (50% yes, 50% no). Nevertheless,
the common trend focuses on the increase of women
employment, compared to the past, as well as on
recruitment of people with higher qualiﬁcation, to
incorporate deeper knowledge and stronger skills for
exploiting new technologies.
– A further noticeable aspect is represented by the
increased employee awareness related to the need for
digital competences. Among the different proﬁles,
production managers and engineers (compared to
technicians, operators and apprentices/trainees) were
the most aware of the need for digital competences.
Finally, although staff training programs can be crucial
to meet Industry 4.0 challenges, results showed that few
training programmes are currently scheduled on company’s digital products and services, communication,
technology and innovation.

4 Conclusions
Although this article is a small and initial attempt to
analyse the digital and green transition of the steel
industry, the results of the conducted survey analysis
support a deeper understanding of the companies’ trend
related to implementation of digital technologies in their
production processes and, consequently, about the evolution of workforce skills. In particular, the survey results
showed signiﬁcant levels of automation in the involved
steel companies. This represents a starting point for
improving technological aspects. Concerning Industry 4.0
technologies, they resulted to be generally widely known.
In addition, companies showed interest in IoT, Analytics,
Cyber Security and PI (both horizontal and vertical). Some
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of these technologies have already been integrated in the
production processes, and are taken into account in
planned future investments within short time (i.e. 3 years).
Concerning the impact of the digital technologies on
workforce, results highlight the need of improving work
conditions, such as workplace environment and health and
safety aspects, and increased working time and the worklife balance. In addition, a growing interest in European
research projects is highlighted, although no funding
programmes are mentioned, and some companies have
not been involved in such projects yet.
Currently, digital technologies are applied in all areas of
the companies, in particular in process chain control, and in
areas requiring management of large volumes of data, e.g.
production and business. The expected beneﬁts are mainly
dealing with production, such as cost reduction and quality
improvement, working conditions in terms of safer and
healthier workplaces, and improvement of environmental
impacts, such as reduction of wastes, emissions and
resources consumptions. On the other hand, the highlighted barriers for adoption and application of enabling
technologies concern investment costs. These costs should
be assessed by taking into account obsolescence of plant/
infrastructures and equipment. In addition, the compatibility with existing technologies should be considered.
Furthermore, the barriers affecting the workforce aspects
consist in lack of highly skilled workforce, skills gap and
lack of conﬁdence of some workers (especially older ones) in
new technologies.
Further discussions in the ESSA project underlines that
the impact on the workforce mainly concerns the
requirement of T-shaped skills with a focus on horizontal,
transversal soft-skills (digital, green, social, methodological, individual and personal skills) as well as the need of
continuous learning in an interdisciplinary perspective
(and environment). However, the concrete impact of
digitalization on the low skilled workers and the effect
on employment as well as recruitment difﬁculties for highskilled workers remain open to further discussion.
As the steel industry is evolving towards industry 4.0
starting mainly from a high level of automation it is more
an evolution or incremental adjustment instead of an
industrial revolution. The survey and discussions in ESSA
stress that the challenge of digitalization concerns the
integration of all systems (sensors, automation, and IT
systems) and all production units in different dimensions
(horizontal, vertical and transversal). In this context, the
steel industry’s expectations from digital and green
transformation concentrate on quality, ﬂexibility and
productivity through the optimization and new interactions of the individual production units. Economic aspects
include not only the reduction operational costs (i.e.
energy/row materials consumption reduction), but also the
introduction of new business models and organizational
structures.
However, it can already be emphasised that people (or
the human factor) are still needed with their experience and
skills to implement and run the new systems. Therefore, an
integration of technological innovation development

within a social innovation process (with co-creation and
teamwork) is supporting an effective technological innovation as well as an upskilling of the workforce is needed to
unfold the potential of these innovations at the workplace.
As discussed with the stakeholders and companies of
the steel industry, even in Industry 4.0 social and
organisational factors are still the driver of productivity
and innovation. To say it with Klaus Schwab [55], Founder
and Executive Chairman of the World Economic Forum:
Leaders and citizens “together shape a future that works for
all by putting people ﬁrst, empowering them and
constantly reminding ourselves that all of these new
technologies are ﬁrst and foremost tools made by people for
people” [48].
The ESSA project, which delivered the described
results, is still in ongoing. The questionnaire will remain
online to involve additional companies and, consequently,
to enlarge the analyzed sample. This will provide
increasingly representative data on the situation of the
European steel sector about the implementation of the new
concepts of industry 4.0.
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