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Preface 

This edited collection is a direct result of the activities of the ERASMUS+ funded 
project ‘European Steel Skills Agenda’ (ESSA), which aimed to develop a blueprint 
for a common European skills agenda of the steel sector. By investigating techno-
logical transformation, environmental challenges and developing understandings of 
the current skills profile of Europe’s steel workforce, the ESSA project focused on 
developing a new sector skills strategy. The project brought together people working 
across the sector, including companies, training providers, representatives of industry 
associations and trade unions, as well as researchers and other stakeholders. 

What has come out of ESSA goes beyond a simple exchange within the sector 
but comprises an overarching European education and economic endeavour that 
aims at a digital, green and prosperous Europe. In the course of the ESSA project 
the consortium and its ecosystem have gathered new knowledge, from which this 
book aims to present a rich cross-cutting overview of workforce development in 
the European steel industry. It represents various perspectives, topics, developments 
and solutions from ESSA and a range of other steel-focused projects to discuss 
the technical and social challenges of the twin transition towards digital and green 
production. 

Overall, this volume employs the steel industry as a lens through which to provide 
an international perspective of sector transformation and transition and it is likely to 
be of interest to academic scholars in the areas of engineering, technology studies, 
human resources, labour process theory, employment relations, and skills formation. 
Based on original and cutting-edge research, the book is informed directly by sector-
specific projects and offers a distinct sector analysis of Industry 4.0, digital tech-
nologies, decarbonisation, robotics, skills and workforce development and human 
resources that is also likely to attract interest from a range of industry stakeholders, 
from both within and outside the steel sector, including employers, trade unions and 
associated federations and business organisations. 

The editorial team includes highly published engineering and social science 
researchers and scholars of the steel industry from across Europe—Antonius 
Johannes Schröder, Clara Behrend and Martin Weinel from Germany, Luca Anton-
azzo and Valentina Colla from Italy, Aitor Goti from Spain and Dean Stroud from
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the UK—who have pulled together a range of contributors with the aim of providing 
an informed and European perspective on recent and future developments across 
the sector. This is particularly as the latter applies to the industry’s workforce and 
the skill implications of the twin challenges of digitalisation and decarbonisation, 
towards building a sustainable steel industry in Europe. 

Cardiff, UK 
Dortmund, Germany 
Prague, Czech Republic 
Dortmund, Germany 
Pisa, Italy 
Bilbao, Spain 
Cardiff, UK 

Dean Stroud 
Antonius Johannes Schröder 

Luca Antonazzo 
Clara Behrend 
Valentina Colla 

Aitor Goti 
Martin Weinel
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Introduction: The Historic Importance 
and Continued Relevance 
of Steel-Making in Europe 

Martin Weinel , Luca Antonazzo , Dean Stroud , Clara Behrend , 
Valentina Colla , Aitor Goti, and Antonius Johannes Schröder 

1 Introduction 

In some sense, the European steel industry is the most European of industries as it has 
been inextricably intertwined with the conception, establishment and development of 
a political, social, cultural and economic entity that is known today as the European 
Union (EU). Indeed, the emerging European project started out as the European Coal 
and Steel Community (ECSC) in 1952 (European Commission 2023a). 

One of the key reasons for the prominence of steel and the steel industry in the 
emergence of the European project is its strategic importance. Since the late 1800s, 
steel has become one of the critical ingredients of most large-scale infrastructure 
developments, whether this concerns the rapid urbanisation where steel plays an
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important role in construction projects or the development of transport networks 
where steel is for example used to build railway lines or bridges. In the post-war 
era, however, steel was recognised as one of the critical resources that can fuel 
and decide wars as the material plays such an important role in the manufacturing of 
weapons of all kinds. One of the key purposes of the ECSC was to prevent yet another 
European war by creating a unified and jointly regulated market for coal and steel 
which was supposed to create economic growth, increase employment opportunities 
and improve living standards across the 6 original signatory states. 

While the relative economic and political importance of the steel industry for the 
European project has decreased over subsequent decades, its absolute importance is 
still high, and as some would say (e.g. WindEurope and Eurofer 2023), critical for 
the future success of the European project (see also Chap. 2). Steel remains the most 
important engineering and construction material and in recent years, thousands of 
new types and grades have been innovated to expand the range of applications in many 
sectors such as construction, automotive and mechanical engineering. Moreover, steel 
is durable, reusable and recyclable and is therefore an ideal material for the circular 
economy (Eurofer 2023). Within Europe, steel is still produced and processed in 
over 500 sites in 21 EU member states as well as in the United Kingdom and the 
steel industry employs more than 300,000 people directly and is supporting more 
than 2.25 million jobs indirectly in other sectors (Eurofer 2023). 

But the continued survival of the European steel industry itself is under threat and 
to survive the sector has to face and overcome two technological challenges at the 
same time: on the one hand, it needs to embrace digitalisation and Industry 4.0 to 
remain competitive but also to deal with expected skills and labour shortages that 
become ever more noticeable. On the other hand, the sector needs to radically decar-
bonise its production systems and supply chains to remain viable and operational 
beyond 2050 when European states and the EU itself are legally bound to reach 
Net-Zero, which effectively means a state or group of states such as the EU will 
not be adding to the amount of greenhouse gases that is already in the atmosphere 
(European Commission 2023b). 

2 Facing a Technological Twin Challenge: Industry 4.0 
and the Decarbonisation of Steel 

The present collection of essays is concerned with a twin challenge that is facing 
almost all European industries, but which seems to be particularly daunting for the 
European steel industry. The two challenges can be described and analysed separately, 
but they are to some extent intertwined and both have to be successfully met for the 
industry to have a long-term future on the European continent.
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One challenge is to adapt to an already ongoing technological ‘revolution’, which 
is commonly referred to as the ‘Fourth Industrial Revolution’ or Industry 4.0 (e.g. 
Kagermann et al. 2011, 2013; Reischauer 2018; Enrique et al. 2022; see also Chaps. 3 
and 4 for more extensive descriptions of Industry 4.0).1 The name implies three 
previous industrial revolutions (Davies 2015). The first and best known industrial 
revolution, emerging in the second half of the eighteenth century, saw the emer-
gence of mechanical manufacturing processes that were largely powered by water or 
steam and which started to replace hand production methods. The second industrial 
revolution, which began in the late nineteenth century was characterised by the emer-
gence of electric-powered mass production systems that were based on the division 
of labour. ‘Assembly lines’ are probably the most iconic imagery of this period. The 
third industrial revolution is said to have emerged in the 1970s and is typified by the 
automation of complex tasks based on breakthroughs in electronics and information 
technology. 

The fourth industrial revolution originates in the early 2000s and represents a 
further step-change in industrial production technologies. Industry 4.0 is underpinned 
by a range of new technological developments:

. The application of information and communication technology (ICT) to digi-
tise information and integrate systems at all stages of product creation and use 
(including logistics and supply), both inside companies and across company 
boundaries;

. Cyber-physical systems that use ICTs to monitor and control physical processes 
and systems. These may involve embedded sensors, intelligent robots that can 
configure themselves to suit the immediate product to be created, or additive 
manufacturing (3D printing) devices;

. Network communications including wireless and internet technologies that 
serve to link machines, work products, systems and people, both within the 
manufacturing plant, and with suppliers and distributors;

. Simulation, modelling and virtualisation in the design of products and the 
establishment of manufacturing processes;

. Collection of vast quantities of data, and their analysis and exploitation, either 
immediately on the factory floor, or through big data analysis and cloud 
computing;

. Greater ICT-based support for human workers, including robots, augmented 
reality and intelligent tools (Davies 2015). 

In short, Industry 4.0 offers new technological opportunities and means to 
organise, monitor and continuously adapt and improve industrial production systems. 
Industry 4.0 is expected to lead to significant efficiency gains while at the same time

1 The term Industry 4.0 can be traced back to an initiative coordinated and driven by repre-
sentatives from politics, economy and science called ‘Industrie 4.0’ that went public during 
the ‘Hannover Messe’ (Hannover Fair). The term was used to link to previous technological 
paradigm shifts and to signify the revolutionary character of the current technological transformation 
(Kagermann et al. 2011). 
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allowing for more customisation of products. While the steel industry has not neces-
sarily always been at the forefront of technological developments and industrial 
transformations, there is little doubt that the sector needs to embrace Industry 4.0 to 
retain its relevance within the European industrial landscape. 

The steel sector is, however, not particularly well set up to face the challenges 
presented by Industry 4.0. Technological change tends to be relatively slow in the 
sector due to the capital-intensity of production technologies, which, once in place, 
disincentivise change as technological upgrades are costly. The fierce competition in 
the sector, underpinned by continuous global overproduction reduces the financial 
wriggle room for companies to fund investments in cutting-edge technologies. The 
industry also struggles to attract the right talent, be that skilled workers or engineers 
and technologists without whom the technological transformation of the industry 
cannot succeed. 

Industry 4.0 is not the only technological challenge facing the sector at this junc-
ture. An even bigger technological challenge comes with the need—due to legal 
commitments made by European nations and by the EU under the Paris Climate 
Accord—to radically decarbonise steel production. Steel production, not just in 
Europe, is responsible for significant Greenhouse Gas (GHG) emissions that if 
left unchecked threaten the continued existence of modern societies and indeed the 
survival of many organisms and species, including humans. Even if current steel 
production routes—mainly the blast furnace route that requires vast amounts of 
coking coal —were technologically optimised to the absolute maximum, the resulting 
reduction of GHG emissions would not be enough to fulfil the legal obligations 
emanating from the Paris Climate Accord.2 Without a technological revolution, the 
steel sector in Europe faces an existential threat by the middle of this century as 
states would be legally obliged to shut down steel production facilities to reach their 
national emission targets. 

There are some encouraging signs that this second challenge has been recognised 
as critically important by the industry as well by the EU and individual states. The 
presentation of the European Green Deal in 2019 has signalled a long-term policy 
and regulatory commitment to decarbonise the whole EU economy and decouple 
growth from unsustainable resource use.3 It builds on and complements other green 
initiatives such as the European Emissions Trading Scheme (ETS), and now the 
Carbon Border Adjustment Mechanism (CBAM) to address carbon leakage. From the 
perspective of the steel industry, the most important aspect concerning the greening 
of the sector is a switch to energy sources for steel production that drastically, if not 
entirely, reduce the release of GHG. For electric arc furnaces, this means ensuring that

2 The EU-funded LowCarbonFutures project estimates that exhausting all efficiency gains of 
currently available steel making technologies (including all uneconomic measures but excluding 
Carbon Capture and Storage (CCS)) might reduce the CO2 output of the sector by around 40%, 
which is nowhere near enough to reach the sector aim of above 80% CO2 reductions (Stubbe 2019). 
3 The presentation of the European Green Deal has subsequently been accompanied by a wide range 
of initiatives such sectoral strategies, a ‘Climate Pact’, a ‘Circular Economy Action Plan’, a ‘Just 
Transition Mechanism’ and so on. For details, please see the time line here: https://commission.eur 
opa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal_en. 

https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal_en
https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal_en
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the utilised energy is not based on any fossil fuels but on renewable energy sources. 
The greening of the European electricity network is under way and the European 
Union has exceeded its own strategic targets concerning energy consumption from 
renewable sources as the 27 EU states reached 22% in 2020 while it was aiming for 
20%. The real technological challenge for the steel industry is, however, related to its 
main steel production route using blast furnace—basic oxygen furnaces (BF-BOF)— 
responsible for just under 60% of all steel produced in Europe—which requires vast 
amounts of coking coal to generate the required energy to make steel and therefore 
releases significant amounts of carbon dioxide into the atmosphere. The European 
steel industry will not reach the emissions targets set by the EU and by individual 
European states without a technological revolution that allows it to produce steel 
without using any fossil fuel (e.g. Eurofer 2019). 

The green transformation of the steel industry is under way even though it has 
just begun. At the European level, ESTEP, the European Steel Technology Platform, 
is particularly active in this regard and leads on initiatives and projects such as 
the ‘Clean Steel Partnership’ and ‘Green Steel for Europe’2 which try to support the 
technological developments needed to achieve net-zero steel making. Almost all large 
steel producing companies have drawn up their own plans for decarbonising steel 
production and more than 60 concrete projects are under way across the continent. 
In this respect, the industry is embracing hydrogen which can replace fossil fuels 
such as coal and gas that are currently used in steel making processes. This approach 
is known as Carbon Direct Avoidance (CDA) and numerous projects of this nature 
are under way or are planned in the near future. The Swedish Hybrit (Hydrogen 
Breakthrough Ironmaking Technology) system made headlines around the world in 
2021 by being the first to deliver its first batch of fossil fuel-free steel to customers. 
Another approach is referred to as Smart Carbon Usage (SCU) which aims to reduce 
the release of GHG in steelmaking processes by either reusing waste gases within 
their own production systems or to make them available to other companies as a 
resource which can then be used to create other products. Whichever approach or 
combination of approaches are taken by the industry, it is clear that business-as-usual 
is not a viable option (see also Chap. 2 for more on this). Moreover, any approach 
to reduce GHG needs to be part of a wider economic and societal transformation 
towards a circular economy that reduces ‘waste’ of any kind as much as possible. 
Steel is highly durable and thus reusable but also fully and infinitely recyclable: steel 
is the quintessential material of the circular economy (Eurofer 2019).4 

There is also an inherent connection between Industry 4.0 and the decarbonisa-
tion of the steel making processes. Industry estimates suggest that the economically 
viable technical improvements of current steel making processes could reduce CO2 

emissions by 15%. While this is insufficient in itself and a more radical technological 
revolution in steel making is required to meet the legally binding emission target in 
2050, it is also clear that the optimisation of currently utilised processes can still 
meaningfully contribute to reaching net-zero steel production in a few decades. It is

4 Of course, as pointed out above, steel production would need to switch to entirely renewable and 
green energy sources to be truly sustainable. 
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in this area where current Industry 4.0 and digitalisation trends have an important 
role to play. There is, for example, scope to further optimise the inputs required in 
EAF-based steel making in a bid to ultimately reduce GHG emissions (see Chap. 4 
for a more extensive analysis of the link between Industry 4.0 and decarbonisation). 

3 Responding to the Twin Challenge 

There seems to be hardly any doubt among European steel industry stakeholders 
that the transformative challenges of adopting Industry 4.0 technologies as well as 
decarbonising the production of steel are genuine challenges that cannot be left 
unaddressed. The big question, which this edited collection begins to address and 
answer, is how best to respond to these challenges to safeguard the future of the 
European steel industry. 

The first section of the book, The EU steel industry: a social and technological 
transformation grapples explicitly with this question on a theoretical and concep-
tional level. The broad consensus among the diverse set of authors is that techno-
logical challenges require more than ‘technological responses’. This approach is 
informed by social scientific research over the last few decades which has convinc-
ingly shown that technologies not only have social effects and consequences, but that 
they are also themselves shaped by wider social forces (e.g., Salento 2018; Bijker 
et al. 1987; Winner 1980). This perspective, when taken seriously, has profound 
implications for the design, development and deployment of technologies. Instead 
of regarding technology as ‘neutral’, ‘inevitable’ or even ‘natural’, recognising the 
socially shaped and constructed nature of technology opens up avenues to shape 
technology in such a way that is aligned with desirable societal values and objectives. 

In some cases, this is entirely obvious and already widely accepted: as pointed out 
above, using blast furnaces to make steel is a possible technological route that the 
industry has relied on for many decades, but this is no longer compatible with societal 
needs which require a radical decarbonisation of steel production. Hence, the broad 
consensus to develop alternatives, even though many different challenges—funding 
the development of new hydrogen-based steel making technologies, creating the 
infrastructure to produce green hydrogen at acceptable prices, drawing up appropriate 
regulatory regimes, reskilling the workforce and so on—will have to be overcome to 
replace one working technology with an alternative that fits changing societal needs. 

Often, however, the way in which technologies are designed and how they are 
intended to function is not sufficiently questioned and challenged (Edwards and 
Ramirez 2016), resulting in suboptimal outcomes. In some cases, this will take the 
form of workers actively resisting or rejecting technologies when these are perceived 
as threatening or undermining. In other cases, technologies are allowed to shape 
workplace experiences that devalue the contribution of workers or create dull and 
boring working environments where workers are stripped of any autonomy. It thus
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makes sense for all relevant stakeholders involved in addressing technological chal-
lenges to always consider whether proposed technologies and technological develop-
ments can be shaped in such a way that they will be widely accepted when deployed 
and that they do not create any undesirable consequences. Instead of imposing tech-
nological change, it might be far more beneficial to actively shape technological 
change to increase benefits and minimise negative consequences (see in particular 
Chap. 3). 

4 The European Steel Skills Agenda (ESSA) 

Over recent decades, much has changed in the theory and the practice of how to deal 
with technological change. A narrow focus on technology as a means to increase 
efficiency and productivity has given way to more holistic perspectives that are 
capable of pursuing and reconciling a broader set of goals such as sustainability, 
dignity, resilience and social justice beyond narrow economic concerns (Rip, Misa 
and Schot 1995; European Commission 2021).5 

The Erasmus+ funded European Steel Skills Agenda (ESSA) project that (directly 
or indirectly) binds all the contributors to this edited collection together embodies 
this holistic approach to technological change. The ESSA project aims to draw up 
a developmental blueprint for the European steel sector that maps out a holistic 
response to the pressures arising out of the rapid technological change described 
above that is already beginning to affect the industry. Identifying available tech-
nologies, or designing, developing and/or implementing entirely new technologies 
appropriate and relevant for the sector, is just one aspect forming part of a wider, 
holistic response. As technologies require an appropriately qualified workforce, the 
ESSA project also analysed current and future skill needs and competence gaps with 
regard to job profiles and occupational qualification programmes, which can then 
inform the design of new or additional training instruments to prepare the workforce 
to be able to cope with the ongoing technological transformation. Recommendations 
concerning the adjustment of vocational education and training also consider the 
need to ‘train the trainers’. 

While the holistic blueprint for the transformation of the steel industry represents a 
European approach, the industry tends to be embedded in regional industrial networks 
as steel plants tend to cluster in geographical areas that historically provide relatively 
easy and reliable access to traditional steel making resources such as coal or abundant 
electrical energy and/ or iron ore. Thus, regionalised responses have been identified as 
the most promising approach to create localised ‘Communities of Practice’ consisting 
of stakeholders from the industry including employer associations and trade unions, 
but also those from academia, civil society, governmental and non-governmental 
organisations, etc., that can not only organise and coordinate technological innovation

5 Social Innovation; Industry 5.0 
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but also complement these with appropriate social innovations (training regimes, 
organisational changes to accommodate technological change). 

As suggested above, almost all contributors to this collection are in some ways 
associated with the ESSA project. The project has brought together a highly diverse 
set of steel sector stakeholders including representatives from all large European 
steel companies, regional, national and European steel associations, trade unions, 
policy-makers, Vocational Education and Training (VET) providers administrators 
as well as researchers and academics. The ESSA project has also created fruitful 
links and connections with a range of other collaborative European research projects. 
Moreover, most of the contributions in this collection are at least partly, if not fully 
informed, by research conducted as part of the ESSA project (as well as other research 
projects, too). 

5 This Edited Collection 

This edited collection consists of three sections. The first section The EU steel 
industry: a social and technological transformation consists of four chapters that 
look in some detail at the case for the transformation of the sector as well as at 
theoretically informed accounts of how the transformation ought to be organised. 

Chapter 2 by sociologists of work Dean Stroud, Luca Antonazzo and Martin 
Weinel takes a more in-depth look at the twin challenges of adopting Industry 4.0 
technologies and decarbonising steel production.6 By adopting a historic perspective, 
the chapter reveals how wider, non-technological factors such as ownership struc-
tures, attitudes and approaches to skills and competence development and relation-
ships between social partners are crucial in shaping the consequences of technology 
use and the trajectory of the European steel industry on the whole. Their findings 
lend further support to the approach advocated in this book, which suggests that a 
successful transformation of the European steel industry has to be grounded in a 
holistic approach that pays attention to not only to the economic but also the social, 
political and environmental implications of technology use. In doing so, they set the 
scene for the next chapter which provides more detail on how best to respond to the 
challenges facing the sector. 

Chapter 3 by Dortmund-based German sociologists Antonius Johannes Schröder, 
Mathias Cuypers and Adrian Götting takes up the themes developed in Chap. 2 and 
offers a coherent and holistic, forward-looking theoretically informed framework 
referred to as Industry 5.0. Slightly counter-intuitively, the term Industry 5.0 does 
not refer to the next technological revolution. Instead, it denotes a complementary

6 All three authors worked together at Cardiff University in Wales on the ESSA project. While 
Stroud and Weinel are still at Cardiff, Antonazzo is now an external researcher at the Centre for 
Workplace Research at the Prague University of Economics and Business in the Czech Republic and 
he is also located at the Department of Human and Social Sciences, University of Salento, Lecce, 
Italy. 
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conceptual framework designed to guide stakeholders through dealing with the adap-
tation and implementation of Industry 4.0. The suggested Industry 5.0 framework at 
the heart of the chapter posits that the industry has to not only undergo the technolog-
ical revolution, i.e. Industry 4.0, but also—and at the same time—a complementary 
social, cultural and environmental transformation to make the technologies work 
effectively and to thus survive and thrive in the long run. The suggested Industry 
5.0 framework recognises that technologies do not exist in a (societal) vacuum: their 
particular form and functionality, but also their consequences for companies, commu-
nities and society as a whole is the result of many different choices. Schröder and 
colleagues argue that the Industry 5.0 framework offers a more holistic approach to 
technology development and implementation as it centralises environmental and soci-
etal concerns, which are often overlooked in favour of a narrow focus on efficiency 
and costs. 

In Chap. 4, Italian researchers Teresa Branca, Valentina Colla and Maria Murri in 
collaboration with Antonius Johannes Schröder take a closer look at the connections 
between the technological, social and environmental transformation in support of the 
argument that a holistic approach is required to deal with the technological challenges 
facing the steel industry. Their particular focus is on the complementing effects 
of digital technologies for the wide-ranging transformation of the industry. As the 
authors convincingly show, digital technologies are not only critical in achieving 
desirable environmental outcomes, for example by helping to reduce energy and 
resources needed to produce steel. They are also crucial in supporting the required 
social transformations, for example by aiding the delivery of training or through 
simplifying communication between different actors involved in steel production. 

Chapter 5 by Italian researchers Marco Vannucci, Ruben Matino, Maria Murri and 
Roberto Piancaldini, in collaboration with Antonius Johannes Schröder and Dean 
Stroud, focuses on technological responses by describing the current technological 
state-of-the-art of Industry 4.0 applications and by analysing how two specific tech-
nologies—robots and unmanned aerial vehicles (drones)—can be applied in steel 
plants and what their potential for the modernisation of steel plants is. While the 
authors focus is on technologies, social and organisational aspects are also consid-
ered as the way in which technology is experienced by workers has important effects 
on the acceptability and ultimately the usability of technologies in particular work 
settings. 

The second section, Industry Perspectives on Industry 4.0 and Workplace Change, 
changes perspective from academic and theory-informed accounts towards the view 
of actors operating within the industry. The focus is thereby mainly on the conse-
quences of technological change on workplaces in the industry. The section includes 
chapters from HR managers, trade unionists and representatives of industry associ-
ations. While some chapters take a historic perspective to trace how technological 
change has led to changing workplaces, other authors reflect on their own experiences 
gathered while working in the steel industry to highlight practical steps companies can 
take to respond to rapidly changing circumstances without jeopardising recruitment 
and talent retention.
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Chapter 6 by Anna Mowbray, a former research and policy officer for the British 
trade union Community, traces the long and at times tumultuous history of the rela-
tionship between steel companies and trade unions in the United Kingdom. The 
United Kingdom, while no longer a member of the EU, remains an interesting case 
study. It had the first industrialised steel sector in the world and used to be the 
world’s biggest producer of pig iron and crude steel in the second half of the nine-
teenth century. Like steel sectors in other European countries, the industry’s fortunes 
were cyclically changing over the decades until the 1970s industrialisation of steel 
making fundamentally changed the workforce organisation and labour relations. 
Highlighting a range of critical junctures in the history of the British steel industry, 
Mowbray shows that periods of prosperity in the sector tended to be accompanied 
by good and cooperative relationships between employers and employees, while the 
numerous periods of crisis the sector has experienced over the last century were 
usually accompanied by strained and at times hostile labour relations. In light of this 
historic analysis of industrial relations, Mowbray argues for the importance of good 
working relationships between employers, employees and state to ensure the well-
being of the sector in a challenging context while also protecting and preserving jobs 
and communities dependent on the sector. This is an especially important lesson in 
light of the required transition to net-zero that must balance environmental, economic 
and societal needs and is likely to fail if the main stakeholders cannot successfully 
and productively work together to safeguard the future of the British steel industry. 

Chapter 7 is another contribution using a historic lens to understand the challenges 
and opportunities that come with the advent of adopting Industry 4.0 technology in 
the steel industry. Written by Roman Ďurčo, Marcel Pielesz and Dana Sakařová 
from the Czech union OS KOVO, the chapter reflects on the changing fortunes of 
the Moravian steel region around the city of Ostrava in the Czech Republic and 
its intricate relationship to other industries. Having operated for 40 years or so in 
the protected environment of a socialist production regime, the steel industry in the 
Ostrava region suffered a significant downturn in the wake of the political change 
sweeping through Eastern Europe at the end of the 1980s and in the early 1990s. 
The loss of industrial jobs on a large scale in conjunction with an ageing population 
has left Ostrava in a marginal and potentially perilous position that has also been 
experienced by many other former industrial regions across Europe. Yet the authors 
also emphasise the potential importance of Industry 4.0 as well as the drive to decar-
bonise human activities can have in the economic renewal of the Ostrava region. 
Looking at other examples of industrial renewal, the authors suggest that in a context 
where regional stakeholders work together strategically and use available resources 
to create an innovative and dynamic environment for companies and communities to 
thrive, the economic decline of a region traditionally associated with steel and coal is 
not inevitable. In the case of Ostrava, metallurgy and steel-making continue to play 
a vital role in attracting investment and skilled workers and thus helping to shape the 
economic, social and cultural future of the city and the region. 

In Chap. 8, José Ignacio Alonso Osambela, who works as Human Resource 
Manager for the Celsa Group, provides fascinating insights into the changing prac-
tices of recruitment and training in a steel company as a consequence of increasing
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digitalisation of processes. Digitalisation affects HR practices in at least two different 
ways: on the one hand, the digitalisation of steel plants increases the pace of change 
that affects an increasing number of jobs, which means HR professionals have to 
change their practices. At the same time, digitalisation also directly changes HR 
practices as hiring processes are no longer paper-based, new opportunities to rethink 
the provision of training open up and social media offer new avenues for recruitment 
of talent. Consequently, the chapter describes and analyses in detail how certain key 
HR practices, such as finding and hiring new staff or training new and existing staff, 
have changed due to the increased digitalisation of steel companies. 

In Chap. 9, Nicole Rudolph and Martin Kunkel, who both represent the European 
Federation of the National Associations of Cold Rolled Narrow Steel Strip Producers 
and Companies (the associations acronym is CIELFFA, which stands for Comité 
International d’Étude du Laminage à Froid du Feuillard d’Acier) puts the challenges 
facing the European cold rolling industry into the focus. An important downstream 
part of the European steel production community, the European cold rolling industry 
is presented with similar challenges that the industry as a whole is facing: fierce global 
competition as well as high pressure to adapt to technological change such as Industry 
4.0 in order to stay competitive and innovative. The chapter focuses, however, on 
a problem that is common across the steel sector but acute in the Cold Rolling 
Industry: an ageing workforce that is facing more demanding and changing working 
conditions. The challenge for cold rolling companies in this context is to safeguard the 
employability and the innovative potential of their ageing workforces on inclusive 
and appropriate training and development initiatives. The chapter focuses on one 
particular sector-wide initiative, the so-called KaGiWi12 project, that is designed 
to address the challenges of retaining and continuously training older employees by 
raising awareness and expertise among managers. The project applies a participatory 
framework that analyses at company level parameters such as the age structure of the 
work force, the skill requirements associated with a range of tasks and stress points 
that can have adverse effects on the health of employees. The project not only helps 
managers and employees to jointly understand how work is experienced, but also 
provides a range of practical advice and resources that improve working conditions 
and strengthen the organisational resilience of companies. 

In Chap. 10, German Human Resource experts Veit Echterhoff, Peter Schelkle 
and Stefan Cassel continue to explore how steel companies can deal with workforce 
challenges such as recruitment, retention and training of staff.7 Their contribution 
provides answers to the question as to what steel companies can do to attract and 
retain highly qualified talent in a context of steel jobs that are seemingly less attractive 
than jobs in other sectors. Based on insights gained from European-level research 
projects that identify a range of internal and external factors that influence the success 
or failure of talent recruitment and talent retention, the Chapter develops a range of 
practical recommendations for steel companies but also for sector associations and

7 All three authors work or worked for Thyssen Krupp Steel Europe. Echterhoff and Cassel continue 
to do so, while Schelkle now works for another steel company, the Hüttenwerke Krupp Mannesmann 
GmbH. 
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organisations that, if followed up and implemented, promise to ease the recruitment 
challenge faced by European steel companies. 

The third section New skills requirements, training and recommendations returns 
to a more academic and theoretically informed perspective on how to organise the 
twin transformation facing the European steel industry. All three chapters are directly 
based on empirical research conducted across Europe. 

Chapter 11 by Luca Antonazzo, Dean Stroud and Martin Weinel discusses 
the implications of extensive automation and digitalisation for the European steel 
industry and the responses of national vocational education and training (VET) 
systems to emerging skill demands. Based on research conducted as part of the ESSA 
project, the authors shed light on the issue of emerging skills gaps in the industry. 
Their findings suggest that so-called transversal skills—skills that are considered 
as not specifically related to a particular job or task such as critical thinking, team-
work or problem-solving—become ever more important. The chapter then inves-
tigates the responses of national VET systems in Germany, Italy and the United 
Kingdom drawing on an institutionalist framework that pays particular attention to 
the role that VET institutions and organisations play in shaping national responses to 
continent-wide problems. By showing that national responses to common problems 
vary significantly, the chapter demonstrates the importance of institutions and organ-
isations and their particular characteristics and capabilities in the ongoing transition 
of the European steel sector. 

Chapter 12 by Spain-based steel industry experts Tugce Akyazi, Aitor Goti and 
Félix Báyon changes perspective from institutional VET context to concrete practices 
at sector and company level needed to manage the twin transition. As the European 
steel sector is undergoing constant and substantial changes due to the technological 
change and the need to decarbonise steel production, the majority of older workers 
in the steel sector do not have the technological, digital and social competences 
that changing technologies, business models and organisational structures require. 
To deal with the complex task of re- and up-skilling the existing workforce, the 
authors propose the creation of a sectoral occupational database as a practical tool 
that can help companies and sector organisations to continuously manage changing 
skills requirements. The chapter describes the method and the utilised data that 
inform the sectoral occupational database. Presenting some exemplary results and 
illustrations of the database output, Akyazi, Goti and Báyon highlight the added value 
of their dynamic and constantly evolving database compared to existing occupational 
databases such as the European Skills, Competence, Qualifications and Occupations 
(ESCO) database which is static and lacks the sector-specificity. 

The last substantive contribution to Sect. 3, Chap. 13, has been written by German-
based social researchers Adrian Götting, Clara Behrend and Michael Kohlgrüber. 
Starting with the premise that the digitalisation of work is accompanied by far-
reaching processes of change, which also affects the jobs and skills of employees 
and managers, the chapter presents findings from the empirically oriented Beyond4.0 
project on the future transversal skills demand due to increasing digitalisation. In 
particular, the results of a case study involving the steel industry located in the 
Rhine/Ruhr region in Germany are presented. The focus thereby rests on skills that
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are gaining in importance across all occupations and at all qualification levels. Given 
the focus on the digital transformation of the steel industry, the assessment of future 
digital skill needs was an important part of the study. Interviews with regional stake-
holders reveal that basic digital skills become a necessary requirement for all jobs, 
while higher-level digital skills requirements increase in line with skill levels of jobs, 
i.e. high-skilled jobs require advanced digital skills. One key insight of the study is 
that the digital transformation affects skills beyond those that might be narrowly 
classified as digital skills, which might include the use of digital devices, cybersecu-
rity, the secure handling of data as well as the use of complex digital communication 
tools and so on. The study reveals that a wide range of transversal skills, including 
social, personal and methodological skills gain greatly in importance in conjunction 
with digital skills as the digital transformation takes place. While digital skills are 
important when it comes to the actual operation of digital devices and infrastruc-
ture, non-digital transversal skills are vital when it comes to designing, planning and 
implementing the use of digital technologies as well as when it comes to interpreting 
or acting upon digital data. 
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Transformation of the European Steel 
Industry: Towards Decarbonisation 
and Digitalisation 

Dean Stroud, Luca Antonazzo, and Martin Weinel 

1 Introduction 

Since the nineteenth century, when we might first begin to talk of the ‘modern’ steel 
industry, making steel has become a central feature of production and manufac-
turing across Europe (Bell 2020). Production was initially driven by the demand for 
railway infrastructure and confined to a small number of countries (e.g. Germany, 
the United Kingdom) (Spoerl 2004), but it is now produced in twenty-one Euro-
pean countries utilising blast furnace-basic oxygen furnace (BF-BOF) and electric 
arc furnace (EAF) production technologies to produce goods for a wide range of 
sectors (e.g. automotive, construction, white goods, etc.) and customers (according 
to Eurofer (2022a) the top three shares of total finished steel demand per sector in 
the EU is 37% construction, 16% automotive, 15% mechanical engineering).1 

In many ways the fundamental processes of steel production have not changed 
substantially since the mid-nineteenth century when blast furnace technologies were 
first introduced. But, at the same time, it is indisputable that the industry has under-
gone significant periods of technological and social transformation. What this chapter 
discusses is some of those transformations, as the background to a more focused 
discussion of current developments—the latter being the principal focus of this 
volume. With regard to current developments we might say that the industry is

1 Austria, Belgium, Bulgaria, Croatia, Czech Republic, Finland, France, Germany, Greece, Hungary, 
Italy, Luxembourg, Netherlands, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, 
United Kingdom (Eurofer 2020). Some commentators (e.g. WorldSteel) include Russia, Turkey and 
Kazakhstan as European producers, increasing the number to twenty-four. 
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entering a period of hugely fundamental and significant change, which is driven by 
what the European Commission (EC) has expressed as the twin challenges of (and 
opportunity for) decarbonisation and digitalisation (e.g. EC 2022). EC and Euro-
pean Union (EU) policy briefs have stressed how successfully managing the green 
and digital ‘twin transition’ is key for delivering a sustainable, just and competitive 
economy to future generations. If adequately regulated, the green and digital tran-
sition can be mutually reinforcing and digital technologies can catalyse greening 
(Muench et al. 2022) 

As noted in Chap. 1, global warming and the climate crisis are driving the need 
for changes in the ways steel is made. Energy sources and traditional production 
technologies will eventually give way to processes of decarbonisation involving, for 
example, hydrogen and renewable energy, alongside the introduction of innovations 
in methods of carbon capture, storage and use (Antonazzo et al. 2021a). It is estimated, 
that 74 million tonnes of steel will be required for renewable energy alone, which 
speaks to the opportunities available for Europe’s steelmakers (Eurofer 2023: 2).  
At the same time, the digitalisation of manufacturing processes—so-called Industry 
4.0—comprising ‘cyber-physical systems’ of production configured upon digital 
networking systems and the centrality of ‘big data’ for ‘smart factories’ (Briken 
et al. 2017) is aimed at achieving a ‘business model transformation’ and greater 
efficiencies for industry. It is clear that digitalisation has moved from ‘strategic hype’ 
to ‘operational reality’ within the wider European manufacturing sector and within 
the steel industry specifically (Naujok and Stamm, 2017; Murri et al. 2021).2 

The ‘twin challenges’ indicate the direction of travel for the steel industry in 
Europe and the innovations and technological transformations currently demanded 
of, and being experienced by, EU/European producers. The transformation of the 
industry in this direction perhaps represents a paradigmatic shift not experienced by 
the European steel industry since the mid-nineteenth century and Henry Bessemer’s 
and Karl Wilhelm Siemens’ respective innovations, the Bessemer process in 1856 
and open hearth furnace in 1860, which continue to provide the foundations for steel 
production today (see Spoerl 2004; Bell  2020). The transformation of the industry is, 
however, not technological alone, but accompanied by a process of social transfor-
mation, such as in the way work is organised and the increasingly high levels of skills 
now required for employment in the industry (e.g. Antonazzo et al. 2021b; Bacon 
and Blyton 2000; Stroud 2012). When connected to the twin challenges, the latter 
perhaps represents a third challenge, i.e. a social challenge, focused on the recruit-
ment, retention and continuous training of a highly skilled workforce to support the 
industry’s transformation in Europe. 

As the first substantive chapter in this volume, we aim to help situate the EU and 
European industry’s current technological and social transformations and provide 
some context for later chapters. Hence, we provide something of a brief overview 
of the industry in technological and social terms, as well as an account of its place

2 See, for example, Naujok and Stamm (2017) for an overview and Stroud and Weinel (2020) for  
discussion of a specific case (discussed also in Chap. 5 of this volume), as well as other chapters in 
this volume, which document numerous Industry 4.0 developments. 
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as a regional entity in the European context. The latter half of the chapter draws on 
data from two research projects—the European Steel Skills Agenda (ESSA) project 
and research commissioned by a British trade union, Community, on the ‘greening’ 
of the steel industry3 and Preparing for a Just Transition—to discuss current sector 
processes of decarbonisation and digitalisation. We finish with a short discussion 
that provides an analysis of the broader implications of the industry’s process of 
innovation, technologically and socially, and raise questions that focus particularly 
on the ‘social consequences’ of the sector’s transition and transformation. First, in 
what follows, we situate the steel industry within its EU context— reflecting on the 
European industry as a steel producing region—beginning with the formation of the 
European Coal and Steel Community (ECSC). 

2 The Steel Sector in Europe 

The steel industry has historically been at the very basis of the European project. Since 
the establishment of the ECSC in 1951, the steel industry has gone through phases 
of expansion, consolidation, modernisation, rationalisation and (more recently) 
shrinkage. It is currently dealing with urgent issues, such as overproduction, 
dumping from non-EU competitors, protectionist measures and serious environ-
mental concerns (including unilateral environmental measures, e.g. ETS, CBAM4 ), 
as well as, at the time of writing, the fall-out from the coronavirus pandemic and 
concerns over the stability and security of energy supply (with concomitant concerns 
over energy costs) and supply-chain issues because of the conflict in Ukraine. 

The ECSC is one of the forerunners of the European Community, and thus the 
European Union. It was principally devised as a way to overcome international 
political and economic risks linked with a situation of overproduction and cartels 
formation that resembled the situation of Europe in the early 1930s (Fairbrother 
et al. 2004; Mason 1955). As pointed out in the Schuman Declaration of May 1950, 
the coming together of the European nations required first the elimination of an 
enduring enmity between France and West Germany. From Schuman’s perspective, 
placing West Germany and France’s coal and steel production together with that of 
other European countries (Belgium, Italy, Luxembourg and the Netherlands) under 
a common authority, would provide the common foundations for economic devel-
opment and would have made any war between France and Germany ‘materially

3 The ESSA project is funded by the EU Commission’s Erasmus+ programme and aims to build 
a Blueprint to tackle skill needs emerging from Industry 4.0 and decarbonisation. The research 
informing this paper is based on case studies of the sector in Germany, Italy, Poland, Spain and 
the UK, based on interviews and a survey with trade unions, HR managers, trainers and industry 
experts. The Community funded research involved interviews with five industry experts on processes 
of decarbonisation and a survey of 100 steelworker trade union members in the UK gathering their 
views on decarbonisation and green skills. 
4 The ETS is the European Trading Scheme for carbon emissions and the CBAM is the Carbon 
Border Adjustment Mechanism to address carbon leakage. 
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impossible’ (EU n. y.; Mioche 1998). The High Authority of the ECSC was charged 
with the task of securing the modernisation of production and the improvement of 
its quality, the supply of coal and steel on identical terms to the markets of other 
member countries and the improvement of the living conditions of workers in the 
industries (see Mason 1955; Mioche 1998). 

The immediate economic aim of the ECSC, as made clear in the founding Treaty 
of Paris 1951, was the constitution of a unified and competitive market, without 
national barriers and with strict rules of competition enforced: this was aimed at 
starting a process of expansion and modernisation of the European coal and steel 
industry (Mason 1955; Mioche 1998). However, when the Treaty of Paris expired 
in 2002 the ECSC ceased too. The outcome was that the ECSC’s former activities 
became wholly absorbed by the European Community under the framework of the 
Treaties of Amsterdam and Nice. When the ECSC ended, the European sector’s 
union federation (European Metalworkers’ Federation, now industriALL) and the 
employers’ federation (Confederation of Iron and Steel Industries i.e. Eurofer) made a 
request to the European Commission to establish a social dialogue committee for the 
steel industry (Eurofound and Whittall 2006; Eurofound 2018). As Eurofound and 
Whittall (2006) note, ‘the sectoral social dialogue committee for the steel industry 
was ratified in 2006 and is designed for constructive social dialogue between the 
social partners, in the spirit of the ECSC, by promoting productive relations between 
both sides of industry, particularly given the far-reaching changes in the steel industry 
in terms of competition and working practices’ (see also Eurofound 2018). It remains 
a principal means by which the sector addresses industry challenges. 

A further legacy of the ECSC is found in the Research Fund for Coal and 
Steel (RFCS), which funds research and innovation projects within the industry and 
supports research and pilot projects on many different aspects of production (Boom 
2014),5 including the implementation of key Industry 4.0 and decarbonisation tech-
nologies (see Murri et al. 2021 for a review of the latest technological developments in 
the sector). The social dialogue committee, the RFCS, as well as initiatives such as the 
European Steel Technology Platform6 (ESTEP), remain important means by which 
the industry’s economic and social challenges—globally and within the European 
region—are addressed. 

A global challenge that the industry is facing is certainly the environmental one. 
In this respect, the European Green Deal, presented in 2019, with its aims for a more 
resource-efficient and competitive economy across Europe, has placed particular 
pressures on energy intensive industries like steel, and has made it urgent to embrace 
technological innovation. The EU has strategised to improve energy efficiency by 
32.5% by 2030, based on 1990 levels, and to cut carbon emissions by 50% by 2030,

5 Horizon 2020, and now Horizon Europe, are also important sources of funding for supporting 
industry innovation. 
6 ESTEP engages in collaborative EU actions and projects on technology, which are tackling EU 
challenges (notably on renewable energy, climate change (low-carbon emission), circular economy) 
in order to create a sustainable EU steel industry. This is namely done by disseminating results 
of projects, by facilitating a supportive environment for collaborative projects, by the Strategic 
Research Agenda and by the active network of ESTEP’s community. ESTEP—ESTEP at a glance. 
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as part of its transition to a sustainable low carbon economy. The industry is central 
to both the EU’s Green Deal Industry Plan and integral to the Net-Zero Industry Act 
(Eurofer 2023). However, as reported by ESTEP (2017), ’the EU steel industry is 
already very close to the physical limits of conventional steelmaking technologies, in 
terms ofCO2 emissions reduction, and there is a need for further disruptive innovation 
to help the industry meet the targets set’. Within the context of unilateral EU environ-
mental measures, e.g. ETS, CBAM, the long-term sustainability of the steel industry 
depends on the possibility of steel to become a fully circular commodity (ESTEP 
2017). Hence, initiatives such as the Clean Steel Partnership7 (CSP)—funded by 
RFCS and Horizon Europe and involving ESTEP and Directorates-General (DG-) 
RTD and DG-Grow—are an important part of tackling the industry’s sustainability 
challenge.8 

The necessary transformations are driven not only by technological innovation, but 
social innovation too and both carry significant social consequences. Technological 
transformations, for instance, have long had a severe effect on levels of employment in 
the industry (Gibellieri 1998), but workforce numbers have been in steep decline for 
numerous reasons over many decades. The steel industry directly employed 308,675 
people in 2021 across the EU27, with an estimated 2.6 million jobs supported by the 
industry through its induced and indirect effects (Eurofer 2022a), but the numbers 
directly employed are just a fraction of what the industry once employed (as recently 
as 2014, 332,228 people were directly employed in the EU industry, which represents 
a decline of about 7.1% in the 7 years till 2021). Eurofer (2023: 2) reports that the 
EU industry has lost 25% of its workforce over the past decade, and there have 
been substantial cuts to numbers since the 1970s. As an illustration, in 1971 the 
UK steel industry directly employed 323,000 workers, numbers similar to those now 
employed across the EU27 as a whole (Eurofer 2022a). By 2020 the UK industry 
directly employed just 16,427 steelworkers (Eurofer 2022a). Germany is currently 
the largest employer in Europe with its companies directly employing 83,200 people, 
which is many more than its nearest competitor, Italy at 30,389 (Ibid). 

At the same time as contributing to declining levels of employment, the tech-
nological transformation of the industry in Europe has contributed to increases in 
production (Gibellieri 1998). Production across the EU region went from 132 million 
tonnes in 1993 to an average annual production of 190 million tonnes between 2006 
and 2016—admittedly with some expansion in member state numbers during these 
periods (ESTEP 2017). Eurofer reported a production volume for the EU-28 of 168 
million tonnes in 2018, for a workforce of approximately 320,000 workers directly 
employed (Eurofer 2019). The fortunes of the industry in Europe ebb and flow and 
reflect that since the early 2000s the EU steel industry has been constantly and

7 Started in 2021, the Clean Steel Partnership is a mechanism to pilot and demonstrate break-
through technologies up to Technology Readiness Level (TRL) 8 that can reduce CO2 emis-
sions stemming from EU steel. Aligned with the European Green Deal targets, the partnership 
supports EU leadership in transforming the steel industry into a carbon-neutral one, serving as a 
catalyser for other strategic sectors. ESTEP—Clean Steel Partnership (CSP). 
8 Directorates-General (DGs) are European Commission departments responsible for developing 
and implementing EU policies across a range of areas, from agriculture to trade. 
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increasingly threatened by globalisation and increased competition. For example, 
Chinese steel producers have multiplied their production from 128 million tonnes in 
2000 to 928 million tonnes in 2018.9 There must also be a recognition that the steel 
industry more widely is subject to cyclical trends and often chronic over-capacity, 
with consequences for company planning and strategy (Eurofer 2023; Fairbrother 
et al. 2004). In view of such pressures, the EU was lobbied successfully by the sector 
social dialogue committee to introduce anti-dumping measures in 2020. Nonethe-
less, over the past decade the EU industry has shifted from being a net-exporter to 
net-importer and lost 30 million tonnes of sales on the EU and export markets, losing 
26 million tonnes of export capacity in the last decade (Eurofer 2023: 2).  

But, as noted above, this is not to say that technological transformation is 
responsible alone for the rationalisation of workforce numbers, and it is not singu-
larly responsible for any increases in productivity that might be reported. For 
example, social transformations, such as changes in work organisation, as well as 
in related patterns of recruitment and skill demands, have also changed the profile 
of the industry workforce and its productive capacities in multiple ways (Bacon and 
Blyton 2000; Stroud 2012). It is, moreover, important to note the consequences of 
globalisation and privatisation too, which have had a marked effect on the Euro-
pean industry and shaped processes of restructuring and rationalisation, particularly 
since the 1980s (Fairbrother et al. 2004). Indeed, according to Fairbrother et al. 
(2004), beyond the ECSC, the foundation for the EU steel industry, as a regional 
industry (i.e. EU/European), was laid in the 1980s and 1990s when the deregulation 
of the industry began, involving privatisation of the industry (away from what was 
largely state ownership) and the associated moves toward the establishment of a more 
internationally focused industry (see also Eurofound 2018). 

Within Europe, this resulted in major institutional changes, with a restructuring of 
the industry that included increased emphasis on productivity, technological innova-
tion and development, an emphasis on downstream activity and a re-composition of 
the industry via mergers and acquisitions. In effect, the foundations were laid for the 
materialisation of an embryonic globalised industry, with the European steel region 
a key component in this process, and the emergence of major steel multinationals 
(Tata, Arcelor-Mittal, ThyssenKrupp, etc.) (Fairbrother et al. 2004). The industry in 
Europe, and the EU specifically, has thus undergone a significant transformation, in 
numerous ways since the inception of the ECSC, and in what follows we pay more 
attention to its social and technological transformation, focusing particularly on the 
more recent areas of innovation: decarbonisation and Industry 4.0.

9 Worldsteel data. 
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3 Social and Technological Transformations 

As noted earlier in this chapter, the ‘modern’ steel industry is regarded to have 
its beginnings in the mid-nineteenth century. Iron and steel-making predates this 
period, of course, and we can look back 4000 years to the Iron Age to identify 
the first exploitation of iron-ore (Bell 2020). But, as Bell notes, it is from the sixth 
century onwards that we see the use of a form of blast-furnace which produced pig 
and cast-iron, both of which are strong but brittle because of high carbon content (see 
also Spoerl 2004). Much later, from 1784, puddling furnaces were introduced with 
the literal stirring of molten material to introduce oxygen and reduce carbon, which 
was a labour and fuel intensive means to produce wrought iron (Spoerl 2004; Bell  
2020; Landes 1965; 1969). The first ‘steel’ produced was in Germany and the United 
Kingdom, and followed a ‘cementation’ furnace process to achieve the desired quan-
tity and distribution of carbon in the product (Bell, 2020). The outcome was a form 
of iron with a high carbon content called blister steel that could be rolled and pressed 
more easily than wrought iron (Spoerl 2004; Bell  2020). 

Technologically we move rapidly to the Bessemer process and Siemens’ open 
hearth furnace, which mark the start of steel production as we currently know it; these 
processes introduced more efficient and higher quality steel in larger quantities by 
rapidly manipulating the oxygen and carbon content, along with further innovations 
for removing a range of impurities (Bell 2020; Spoerl 2004). The outcome was the 
technological basis for the Blast Furnace (BF) and Basic Oxygen Furnace (BOF) 
production that forms approximately two-thirds of steel production today. Later, at 
the turn of the twentieth century we see Paul Herloult’s electric arc furnace (EAF) 
innovation, using an electrical charge for the production of speciality steels and steel 
alloys primarily from scrap (Bell 2020). From the bases of BOF and EAF we see 
ever refined processes of production to produce high-quality steel products (e.g. 
billets, blooms, slabs, wire, bar, etc.) for construction, automotive, ship-building, 
white goods and numerous other sectors (see Bell 2020). 

From these beginnings, the competitiveness of the European industry has further 
relied on the development of a range of technological and production (e.g. lean/ 
just-in-time and flexible) innovations. From the 1990s onwards, in particular, new 
casting and rolling mill technologies, such as thin slab casting and strip casting 
facilities, along with smelting and direct reduction technologies and the introduc-
tion of Near Net Shape Casting changed the way steel was produced and improved 
the competitiveness of the European sector (Gibellieri 1998). There is, moreover, a 
greater emphasis on a faster and more comprehensive service, higher quality prod-
ucts, and better levels of customer service. To facilitate this new responsiveness to 
customer demand, steel companies increasingly looked to decentralise their opera-
tions and make the way production is organised more flexible. Such developments 
have impacted on the steel industry workforce in a number of different ways. 

Most evidently, this is in the way that work in the steel industry is organised, 
its levels of employment and the skills profile of the industry. As organisations 
look to become more flexible and responsive, steel producers adopt new working
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practices e.g. team working, high performance working and recruit differently for 
a more diverse and highly skilled workforce. Indeed, technological transformations 
and related production developments have been paralleled by concomitant transfor-
mations in the role that skilled labour plays in steel production. That said, while we 
may have travelled some considerable distance since workers were, for example, first 
employed in the labour-intensive process of ‘puddling’ (Spoerl 2004) or recruitment 
relied on a supply of unqualified labour from generations of family (Stroud 2012), 
the changes and challenges that workers might experience to the material realities 
of their work and employment from the insertion of new technologies and other 
industry developments are as present today as they have always been (see Edwards 
and Ramirez 2016; Stroud and Weinel 2020). 

Current technologies and processes might, for example, make for a safer work-
place from when the strenuous labour, heat and fumes of ‘puddling’ could mean a 
very short life expectancy for ‘puddlers’ (Spoerl 2004; Landes 1965; 1969), but there 
remains the potential for intensified labour and deskilled work and/or job losses from 
more recent developments (see Stroud and Weinel 2020). This requires some reflec-
tion on the relations of power and control, as well as regulation, which are critical to 
the development, selection and deployment of workplace technology, often driven by 
the seemingly irresistible logic of efficiency and productivity. On this basis we might 
view the insertion and use of technology along with its effects as socially and polit-
ically variable, i.e. the decision to deskill, upskill or ‘rationalise’ is a management 
decision, but it is one that is shaped by wider forces (see, for example, Pfeiffer’s 
(2017) analysis of Industry 4.0 as a discourse promoted by ‘economic elites’ to 
increase control over labour). 

Hence, while new technologies might have the potential to improve, for example, 
safety, by means of increased levels of automation, it is only with legislation, regu-
lation and codes of practice (e.g. International Labour Organisation 1981 code of 
practice), as well as training, leadership and increased management accountability 
that safety begins to improve. Worldsteel data shows that significant improvements 
in lost time to injury between 2006 and 2019—by some 82%—are not only account-
able to new automated processes but the result of social transformation in health and 
safety cultures supported by strong international and national legislation and codes 
of practice (Worldsteel 2022). Equally, we might then view the rationalisation and 
restructuring of the industry workforce as a process not only informed by its tech-
nological transformation, but also subject to cultural, social, economic and political 
forces too. 

In view of such discussions, we now reflect on the findings of two research projects, 
ESSA and Preparing for a Just Transition, to shed some further light on the ‘twin 
challenges’ of digitalisation and decarbonisation, as the main focus of this volume.
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Fig. 1 Technological pathways to reduce CO2 emissions in the steel sector. Source BFI 2019 

Decarbonising the Steel Industry 

A strong socio-political force shaping steel production is the transition to net-zero 
and the European Commission’s commitment to a sustainable low carbon economy 
(this was clearly expressed in the European Green Deal). The steel industry currently 
contributes the largest share of global CO2 emissions of all manufacturing, approx-
imately 27%. It is also energy intensive and has the largest single energy-related 
CO2 emissions globally by industry, at 7.2% (Ritchie and Roser 2016). Greening 
efforts are heavily reliant on technological innovation, particularly decarbonising 
by means of carbon capture and usage/storage and greener sources of energy (e.g. 
renewables, hydrogen). In what follows we draw on data from the ESSA project and 
a project funded by the Community trade union, Preparing for a Just Transition, to  
discuss current approaches to decarbonising the industry and the extent to which the 
workforce is prepared for making ‘green’ steel (see Antonazzo et al. 2021a). 

When considering the prospects for decarbonisation, it is possible to distinguish 
between two principal approaches (see Fig. 1): 

1. Carbon Direct Avoidance: using hydrogen and/or electricity for producing iron 
and steel. The use of electricity directly to electrolyse iron ore10 is still at an early 
research stage and not ready for commercial implementation. The hydrogen-
based process is potentially ready, dependent on hydrogen supply. 

2. Smart carbon usage: making processes more efficient so that less energy input is 
required, thus partially cutting emissions. This can be complemented by carbon 
capture and storage (CCS), or carbon capture and usage (CCU) to transform CO2 

into by-products for other industries. 

However, a third approach, a circular approach, whereby the carbon input is 
substituted by utilising other by-products as carbon carriers might also present an

10 See also Worldsteel (2022). 
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opportunity for necessary reductions (Antonazzo et al. 2021a). Industry experts 
interviewed for the Community project remarked that these (three) approaches are 
not mutually exclusive and companies will likely adopt a combination of different 
approaches and technologies to cut their emissions: 

We believe that we will need all of this. We will need to use CCS and CCU, we are going 
to have hydrogen in some places, renewables […] it will depend on what kind of resources 
you have available. If you are in a place where there is natural gas and great storage, why 
not use it in forming blue hydrogen, you start to store the CO2 […] if you have plenty of 
renewables or biomass, then you should go ahead and use that (Community Research: Steel 
Industry Environment and Climate Change Expert) 

Hydrogen-based steelmaking has a promising future, but meeting the relatively 
short-term target for reducing emissions will require other solutions more at hand: 

Hydrogen probably has a role as a fuel at some point in the future when there’s genuinely 
green hydrogen, but that is the longer term 2050 perspective. And essentially all industry 
has got to work on the 2035 [target], because you can’t operate as you do and get your 50% 
reduction (Community Research: Steel Industry HR Manager) 

As a recent report by Syndex and the Material Processing Institute (2021) has 
remarked, in a mid-term scenario blast furnaces and DRI furnaces11 will remain 
the main routes for European steel producers, and EAF-based steel will only reach a 
share of 40% of production by 2050. But, large European companies are now engaged 
in the development of a DRI-Hydrogen solution, including a transition from blast 
furnaces to Electric Arc Furnaces (EAF) over the next 20 years. Such solutions will 
need an increased amount of CO2-free electricity, thus the issue of energy supply 
and costs is an important part of the green transition. Policy support is key to provide 
the industry with resources, as well as overarching national and EU strategies that 
factor in direct investments along with infrastructure and the cost of energy supply. 

Wide-ranging technological transformations like the ones outlined bring about 
legitimate concerns about the effects that these will have on employment levels in 
the industry (as well as on the composition of the workforce). For a greener industry, 
experts have pointed to a two-phase scenario. The first ‘transition’ phase will likely 
increase employment and could last up to 2050. The second phase might result in a 
reduced workforce, mainly because of the resizing of the plants and leaner processes: 

The build phase, transition phase, always absorbed people. So, we are going to have more 
assets constructed and deconstructed in the next 20 years because of the change. […] if an 
asset has got a carbon footprint that’s unsustainable, it’s going to be replaced in the next 15 
to 20 [years], regardless (Community Research: Steel Industry HR Manager) 

Planning ahead and strengthening social dialogue is likely to be key to ensure 
a smooth and just transition: workers need to have a clear understanding of the 
companies’ prospects and to trust that no one is going to be left behind as the industry

11 The direct-reduced iron (DRI) process reduces iron ores directly to sponge iron using gaseous 
reducing agents. In the electric steel process, crude steel is made from the sponge iron obtained 
from DRI. Scrap is also added to this process as well as pig iron from the BF process (Syndex and 
the Material Processing Institute 2021). 



The Technological and Social Transformation of the European Steel … 27

transitions. There remains high uncertainty regarding the technologies and routes that 
will provide the best opportunities for companies, as well as uncertainties at the policy 
level. But, it is crucial to be proactive in anticipation of change, particularly on skills 
development: 

We talk a lot about anticipation of change […] what’s going to happen? Not tomorrow, 
what’s gonna happen in five years, 10 years, 20 years? What skills do we need now, what 
skills do we need in the future? Because remember that steel is an ageing workforce […] if 
you have a huge amount of people, and they’re late 50s, early 60s who retire, you may also 
need people have the good old-fashioned skills like welding(Community Research: Steel 
Industry HR Manager) 

With the green transition being a major change and a critical target for companies 
throughout Europe, data from the ESSA project identifies ‘green skill’ needs at the 
sector level, including skills related to environmental awareness, energy efficiency, 
water conservation, waste reduction and waste management, and resource use and 
recycling. Although the idea of skills that are inherently ‘green’ can be criticised and 
calls for some reflection, it still makes sense in the context of this chapter to use this as 
an encompassing label while addressing the relationship between required skills and 
the process of greening the industry. In some indication of the readiness for the green 
transition, a survey of one-hundred steelworker UK Community members reported 
that whilst 92% of the current steel workforce view the transition as necessary only 
half view themselves as possessing the necessary skills to support the transition and 
41% feel threatened by it. Another 79% have not been consulted on the necessary 
changes, with 78% expecting the transition to involve radical and disruptive techno-
logical change. But ‘readiness’ for the transition will differ by firm and/or country: 
evidence from the ESSA project suggests that a more holistic approach to vocational 
education and training in some countries e.g. Germany is likely to facilitate a much 
smoother ‘green skills’ transition, than for their counterparts elsewhere, e.g. United 
Kingdom. 

Industry 4.0: Digitalising Steelwork 

This section draws on data from the ESSA project to discuss Industry 4.0 technologies 
in the steel industry and what the innovations mean for steelwork and steelworkers 
i.e. the ‘social innovation’ that goes hand in hand with technological innovation (see 
Chap. 3). Beyond the ESSA project, a wide array of evidence suggests that the steel 
industry is experiencing Industry 4.0 transformation. For example, with regard to 
the use of Internet of Things models, sensors and big data analytics to improve 
energy efficiency and resource management (and thus contribute to greening the 
industry), as well as quality monitoring and defects detection (Branca et al. 2020; 
Stroud et al. 2020). Robot-assisted production is increasingly/potentially allowing 
workers to supervise, instead of perform, dangerous and labour-intensive processes 
and tasks, e.g. drones (Stroud and Weinel 2020), and extensive generation, storage 
and analysis of data means that steel companies can now improve processes and plan
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recurring intervention on machinery based on sensor data and computer simulations, 
and signals moreover the potential effects of digitalisation and automation on jobs 
and skills in the sector (Murri et al. 2021). 

However, stakeholders at the European level describe the sector as still uneven in 
technological terms: 

[When it comes to Industry 4.0] you’re going to get different answers, depending on who 
you ask. Because you might have one company that they’ve already made a lot of changes 
[…] You might have others who’ve done no digitalization, and they’re not prepared, and 
maybe they’re not going to do it in the best way... The feedback we’ve got from a lot of our 
steel experts is the sector has already been digitized quite a lot already’ (ESSA: Trade Union 
Representative, Europe). 

Where Industry 4.0 has penetrated the sector, of particular note is the volume of 
data generated and the need for increased capacity for its analysis. More advanced 
sensors and measuring technologies mean that many more data sources are now 
embedded in the various processes and a vast amount of data becomes available for 
real time, as well as historical, analysis: 

Data collecting systems…vibro-acoustic (analyse the noise and with AI identify problems) 
Data collecting in general analysis with AI of all of these data. There is an algorithm that reach 
conclusions with AI and support the decision-making process. Before the most important 
variables were the target. Now the priority is to collect as many variables (data) as possible 
(ESSA: Rolling Mill Manager, Spain). 

Thanks to these new developments, companies have many more opportunities to 
act and improve their processes: 

We have experienced years or better decades of technological change […] we have now data, 
we can collect them, analyse them, act on the data [implement changes] and that is the great 
advantage we have now (ESSA: Head of Training Centre, Germany.) 

Data generation and capturing are also used to improve the reliability of systems, 
also offering the opportunity to implement predictive maintenance models, which 
reduce the risk of system failures. 

Another area in which Industry 4.0 technologies can be found in steel companies 
is that of quality assurance, for instance in the case of defects detection of rolled 
steel. Further, Industry 4.0 solutions are adopted in some sites directly in production, 
for instance in melting shops or in rolling mills: 

In some melting shops I saw really excellent installations not only to measure, to do some 
typical stuff, but even with some kind of Artificial Intelligence, with kind of sampling and 
some predictive methods, not only like a reaction to the problem but prediction…. But I 
would say we are at the beginning of that in the steel plants in Poland (ESSA: Steel industry 
expert, Poland). 

Further, as indicated above, advanced robotics is an aspect of Industry 4.0 that is 
gradually being integrated into steel production: 

[Recently we have had] the introduction of ABB12 robots […] the labs have implemented 
quite a new automation system. So, automation is obviously a key thing within the works 
(ESSA: Company Training Advisor, United Kingdom).

12 A Swedish-Swiss supplier of advanced electrical and robotic technologies. 
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What is evidenced here is that the European steel industry is progressively moving 
towards Industry 4.0, which requires a level of adaptation for the workforce or social 
innovation. The question is the extent to which workers can easily adapt to changed 
tasks and processes: 

That is why we already use robots extensively and this is not by accident […] there will 
be simplifications of work but at the same time there will be more complex and difficult 
tasks and the simple work will increasingly be automated because, slightly exaggerated, the 
simple and the complex tasks incur the same costs [when humans are involved] and this 
means that it makes economic sense to automatize the simple work as far as possible so that 
I do not have to pay the high costs associated with human staff […] but I believe that for 
us the advantage is that our people are much more holistically trained and are therefore far 
more flexible in their response to new developments and changes.’ (ESSA: Head of Training 
Centre, Germany). 

In accordance with such views, commentators such as Pfeiffer (2016) maintain 
that the qualitative role of workers has increased with automation, thus undermining 
the idea of technologically driven deskilling. Where simple tasks will be replaced 
by robots, or algorithms, new requirements will emerge, particularly in supervision, 
analysis and maintenance. The underlying question is not whether entire occupations 
will be replaced by technology (see Frey and Osborne 2017), but in what way the 
automation of specific tasks will reconfigure existing jobs (Arntz et al. 2017; Dengler 
and Matthes 2018). 

Certainly, the ESSA data point more to the complementation of human workers 
and technologies, rather than a full replacement. On an empirical level, the relation-
ship between task automation and substitution is of a non-linear type, and workers 
displacement should not be assumed on the mere basis of task automation. What 
was remarked upon several times by our (ESSA) interviewees was the importance 
of contextual understanding and practical experience directly associated with tech-
nological developments, with workers required to make sense of the data they are 
presented with by machines and digital devices and to project them onto real-work 
situation, and act upon them accordingly. 

A related demand, and what analysis of the ESSA data point to, is the need for 
more holistically trained workers who can easily adapt to technological changes 
within the companies: 

We are working in the direction of a multiskilled workforce. So, in the production line they 
are involved in training programmes so that a worker will be able to work in lamination, but 
also in other parts of the production, and also be able to do some part of the maintenance 
process (ESSA: Human Resources Officer, Spain). 

On this, the question that remains is the extent to which current patterns of work 
organisation and systems of vocational education and training, as well as training 
offered by steel firms, can meet the demand for new ways of working and the emerging 
skill needs deriving from the developments discussed. Evidence from the ESSA 
project suggests that like the uneven spread of technological advancement across the 
European industry (as for decarbonisation), some firms and countries seem better 
placed than others to support and make the transition (see Antonazzo et al. 2021b).
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4 Conclusion 

The steel industry was once characterised by limited cross-border cooperation 
between steel producers, with few mergers and acquisitions. But, from the mid-1990s 
things began to change significantly, reflected in churns in ownership and the estab-
lishment of huge multi-nationals, e.g. the merger of British Steel and Koninklijke 
Hoogovens to create Corus, which was then purchased by the Indian conglomerate 
Tata, as well as the creation of new global entities e.g. Liberty Steel. In the context of 
over-capacity and global competition it is perhaps that there will be further consoli-
dation within the steel sector as producers position themselves in relation to changing 
market patterns, price volatility and fluctuation, and national and regional consolida-
tion, with the European industry just one player on a global market (see Fairbrother 
et al. 2004). 

What is evident is that the transformation of the EU and European industry 
involves interrelated processes of globalisation, privatisation, rationalisation and 
restructuring, and it is these processes which provide the background for the 
industry’s technological and social transformation, and the more specific twin chal-
lenges of digitalisation and decarbonisation. The twin challenges discussed in this 
chapter might be framed as an opportunity for a more efficient, competitive and 
sustainable industry, better able to meet global challenges. Often, however, there are 
also opportunity costs and in this chapter we are careful to reflect on the social trans-
formations that accompany the industry’s technological transformation, and their 
attendant social consequences. 

The developments discussed have important implications for the organisation 
and control of labour in steelworks. In the context of competitive markets, between 
companies and between countries and regions, steel companies are beginning to 
integrate Industry 4.0 technologies and explore alternative forms of more sustainable 
and decarbonised production (Branca et al. 2020; Antonazzo et al. 2021a). Parallel 
to this are attempts to recompose steel workforces, to upskill and also recruit a more 
highly skilled workforce that is overall reduced in numbers. Some have (long) argued 
that some of the focus of such activity has been on creating a more malleable and 
compliant workforce (Fairbrother et al. 2004; Pfeiffer 2017) with the introduction of 
various forms of team work and high-performance work systems (Bacon and Blyton 
2000; Appelbaum et al. 2000). 

Others have focused on workers’ levels of engagement with the technologies 
that change the nature of work in fundamental ways—including the skills necessary 
to work within new ‘greener’ and digitalised contexts (Antonazzo et al. 2021a, b). 
Certainly, against the backdrop of organisational and occupational restructuring, in 
line with the twin challenges, steel employers have looked to develop the skills profile 
of their workforces. The introduction of new knowledge intensive data led tech-
nology, for example, demands a more highly skilled workforce, with restructuring 
towards flatter, more functionally flexible working practices demanding workers with 
higher degrees of generic skills, which places a higher premium on education and 
training to develop the skills and competencies of workers (Fairbrother et al. 2004;
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Antonazzo et al. 2021b). However, the contexts in which all of these developments 
take place raise distinct questions for the industry and those employed within it. 

The first question is what are the implications for European producers and steel-
workers of the increasing internationalisation and globalisation of steel production 
and consumption? What are the implications of moves by, for example, the US13 

and China to create a more innovative and competitive environment for investment 
in green steel? Clearly European producers face a new global reality which necessi-
tates making a strong and green industrial base a strategic priority (Eurofer 2022b, 
2023). And as a ‘social consequence’ it seems a likely concern that there will be a 
continued emphasis on the repositioning and reconstructing of workforces to meet 
the challenges of these developments (see Fairbrother et al. 2004; Eurofer 2023: 12). 

Second, and related, what is the precise impact of Industry 4.0 and decarbon-
isation—with changing production processes involving increased automation and 
experiments with new processes? Certainly, it is likely that there will be pressures 
on firms and workers to adapt and change, i.e. social innovation to meet these new 
circumstances, and be more flexible and adaptable, which will carry consequences 
for the material realities of employment in the industry (see, for example, Stroud and 
Weinel 2020). 

Third, to facilitate technological and social transformation what is the training 
offer? With the re-composition of the steel labour process (deriving, for example, 
from the twin challenges) there is likely to be pressure to ensure that steelworkers 
have the skills base to deal with the changes that are taking place—as we have 
indicated training and skills will come to acquire a different significance in such 
circumstances. 

Fourth, will the range of developments discussed in this chapter lead to common 
patterns of development across the industry? We know that as the industry consoli-
dated over recent decades it witnessed similar approaches to the way work is organ-
ised (e.g. team working) across firms and countries (albeit introduced at different 
speeds), but might we then expect, for example, similar approaches to skill devel-
opment and training to emerge? At present there is some evidence to the contrary, 
particularly with regard to systems of vocational education and training, as well as 
patterns of digitalisation and decarbonisation (see Stroud 2012; Antonazzo et al. 
2021a, b). 

Finally, there is the question of what role trade unions and social dialogue might 
play in addressing these questions and the challenges we have discussed? Our view 
is that—as with vocational training arrangements—it is the national context and the 
strength or weakness of participative arrangements at this level that has long informed 
the protection of workers’ interests, across the European sector. We thus expect the 
outcomes (or social consequences) for workers to differ in the same way, as the 
processes of digitalisation and decarbonisation unfold (see Stroud 2012; Stroud and 
Fairbrother 2011; Stroud et al. 2020; Antonazzo et al. 2021b cf . Bechter et al. 2012).

13 The US Inflation Reduction Act, for example, looks to provide in the region of USD 85 Billion 
of funding for steel production and upstream energy requirements (Eurofer 2023: 5).  
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From Industry 4.0 to Industry 5.0: The 
Triple Transition Digital, Green 
and Social 

Antonius Johannes Schröder, Mathias Cuypers, and Adrian Götting 

1 Introduction 

The terms fourth industrial revolution and Industry 4.0 describe the implementation 
of advanced (digital) automation solutions in production technologies (Kagermann 
et al. 2011; Schwab 2016), e.g. in process industries comprising ‘Artificial Intelli-
gence and Industrial Internet of Things (IoT) for improving self-monitoring, diag-
nostic, forecasting and self-optimization capabilities of automation systems’ (Branca 
et al. 2020: 1). Even this short list shows the strong technological orientation of 
Industry 4.0. Under the term Industry 5.0, ideas and concepts that expand Industry 
4.0 have been discussed for some time, some focussing on technological improve-
ments (Østergaard 2018; Sachsenmeier 2016), others on fundamental critique (e.g. 
Özdemir and Hekim 2018). 

Against this backdrop, the recently introduced Industry 5.0 concept (Breque et al. 
2021) is grounding and framing technological developments with societal challenges, 
demands and aims making industrial production more sustainable, placing wellbeing 
of workers at the centre of the production process, and enabling a resilient industry 
overcoming crises more effectively. However, Industry 5.0 is therefore not an alter-
native or technological step forward but improves the primarily technological and 
economic oriented Industry 4.0 and looks at the development and implementation of 
innovative technologies with a new lens and frame (Breque et al. 2021: 14–16). 

As Industry 4.0 technologies and related investments are already taking place for 
ten years, a stronger integration of non-technological (e.g. skills needs, regulatory and 
economic conditions), social aspects and social innovations was already called for 
in the discourse (e.g. ASPIRE 2021; Müller 2020). Besides other non-technological
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topics, the Strategic Research Agenda of the Processes for Planet Program listed the 
need to close skills gaps explicitly (see Table 1). 

Against this backdrop, (1) the differences between Industry 5.0 and 4.0 will be 
discussed, (2) the conceptual connection between Industry 5.0 and Social Innovation 
will be expressed, and (3) concretised by new ways of adjusting skills demands for 
Industry 4.0 technologies by improving human-centricity in the sense of Industry 
5.0.

Table 1 Checklist Non-technological Aspects concerning human resources, skills and labour 
market (ASPIRE 2021: 263) 

Human resources, skills and labour market New way to close skills gaps and mismatches, 
improving the capacity of the process industry to 
unfold the potential of digitalisation and innovation:
. Considering impact of the transformation of the 
process industry on the new skills required

. Developing new education and training schemes 
responding to regional, pan European workforce 
planning within the (digital and ecological) 
transformation

. Recruit and retain talent needed by the 
companies, how to attract talents to the 
production industry in Europe (e.g., by attracting 
more women, high skilled workers)

. Transforming of training supply (company 
internal and external) and the labour market

. Creating the innovators of the future: combining 
technology innovation and business model 
innovation for the process industry

. Cooperation with local/regional education and 
training providers on the reginal/local level 
(within companies and H4C), bridging with 
schools and universities, developing new 
teaching materials

. Investments in education and training (division of 
responsibilities for industry, public VET 
institutions/universities, and the individual), new 
learning models for ‘learning to learn’

. Change management within the companies to 
upskill the existing workforce

. Integrate experience and competences of the 
experts in the workplace (operators) within 
technological innovation development 
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2 From Industry 4.0 to Industry 5.0 

One way to trace the historic development of industrial production is to focus on 
particular disruptive changes in terms of technology as well as their impact on indus-
trial productivity. In retrospect, mechanisation, steam and water power (end of the 
eighteenth century), mass production and electricity / IT systems (end of the nine-
teenth century), and automation and electronic and IT systems (second half of the 
twentieth century) have been framed as the first, second and third industrial revolu-
tion (Schwab 2018). The widespread paradigm Industry 4.0, which first emerged in 
2011 (Kagermann et al. 2011), refers to these historical classifications and claims 
that currently a new, fourth industrial revolution, characterised by the emergence 
of cyber-physical systems, takes place. In contrast to the first three industrial revo-
lutions, this fourth industrial revolution is not based on a retrospective, historical 
classification, but on a present-day analysis. Also, the concept is connected to an 
economic policy agenda, first proposed by the chairman of the World Economic 
Forum in Davos, Klaus Schwab (2016). 

The paradigm is said to be very technology-focused (Buhr and Trämer 2016; 
Kopp 2016). While there are Industry 4.0-related discussions that explicitly consider 
impacts of technological changes on other aspects of the economy and society (e.g. 
Work 4.0 (Kopp 2016) or Education 4.0 (Fisk 2017)), the field of technological 
change itself is entirely attributed to the market and not presented as influenceable. 
Only technological-induced consequences are presented as influenceable, but not the 
technological development itself. This limits approaches that want to shape techno-
logical change and hampers the capturing of (inter-)relations between technological 
change, societal impact and goals and economic developments. The limitedness of 
the Industry 4.0 concept is not so much its focus on technologies per se, but that 
political and societal possibilities for shaping and directing technological change 
against the backdrop of societal demands and economic goals are not adequately 
considered: Buhr and Trämer (2016) argue that the potential of growing digitalisa-
tion can be exploited above all if its potential for society as a whole is considered, 
with humans taking on the central role. 

With its Industry 5.0 concept the European Commission attempts to compensate 
for some of the weaknesses of the Industry 4.0 concept. The difference between this 
concept and Industry 4.0 does not lie in the enabling technologies, which are not very 
different from the ones dedicated to Industry 4.0 (Müller 2020: 8–10). Rather, the 
difference relates to other aspects, as summarised by the Expert Group on Economic 
and Societal Impact of Research and Innovation (ESIR) within its transformative 
vision for Europe (see Table 2).

While the concept of Industry 4.0 tends to focus on the supply of technologies, 
with the societal demand for technologies playing a subordinate role, the European 
Commission is now taking a different path. The new Industry 5.0 concept does 
not necessarily describe a fifth industrial revolution but rather a change in policy 
strategy. It is no longer an increase in private economic profitability that is regarded 
as the central goal of the technological transformation. Rather, the central goal of
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Table 2 Differences between Industry 4.0 and 5.0 (Dixson-Declève et al. 2022: 6–7) 

Industry 4.0 Industry 5.0

. Centred around enhanced efficiency through 
digital connectivity and artificial intelligence

. Technology-centred around the emergence of 
cyber-physical objectives

. Aligned with optimisation of business 
models within existing capital market 
dynamics and economic models—i.e. 
ultimately directed at minimisation of costs 
and maximisation of profit for shareholders

. No focus on design and performance 
dimensions essential for systemic 
transformation and decoupling of resource 
and material use from negative 
environmental, climate and social impacts 
for sustainability and resilience

. Ensures a framework for industry that 
combines competitiveness and sustainability, 
allowing industry to realise its potential as 
one of the pillars of transformation

. Emphasises impact of alternative modes of 
(technology) governance

. Empowers workers through the use of digital 
devices, endorsing a human-centric approach 
to technology

. Builds transition pathways towards 
environmentally sustainable uses of 
technology

. Expands the remit of corporation’s 
responsibility to their whole value chains

. Introduces indicators that show, for each 
industrial ecosystem, the progress achieved 
on the path to well-being, resilience and 
overall sustainability

Industry 5.0 is a human-centric, sustainable and resilient industry, aiming at a future 
production in which tackling societal challenges takes centre stage:

. As a human-centric approach, Industry 5.0 differs fundamentally from the 
technology-driven concept of Industry 4.0. Accordingly, the starting point is not 
a single technology and its efficiency potential. Rather, societal demands and 
human interest are placed in the foreground of the production process: ‘Rather 
than asking what we can do with new technology, we ask what technology can do 
for us’ (Breque et al. 2021: 14). Consequently, in the labour context, this means 
that the needs of workers in the digital age should also be taken more into account, 
which in turn has implications for the topic of skills, as will be further elaborated 
in this article.

. Against the background of the environment and the careful use of planetary 
resources, Industry 5.0 must also be sustainable. Here, too, the approach is 
human-centric in the broadest sense, since the ultimate aim is to manage and 
produce sustainably without jeopardising the needs of future generations (Breque 
et al. 2021).

. Resilience refers primarily to the attempt to make the industry more resistant in 
all its components. The focus is primarily on globalised production, for which 
resilient strategies are to be developed that ultimately target supply chains and 
production processes. In this context, the Covid-19 pandemic has highlighted 
weaknesses and fragilities, which are also considered in the context of the Industry 
5.0 approach (Breque et al. 2021). 

All in all, Industry 4.0 as a techno-euphoric approach tends to emphasise how to 
deal with a given supply of increasing availability of digital technologies —while
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the demands on technologies in the sense of societal challenges are rather neglected. 
Industry 5.0, however, functions as a policy model that calculates the demand for 
technologies based on their utility, putting societal challenges and solutions in front. 
This role of technology as an enabler has already been emphasised by the OECD 
(FORA 2009). 

3 Social Innovation and Industry 5.0 

In accordance with the paradigm of Industry 5.0, the understanding of innovation 
must not be limited to entrepreneurial success and has to include other success and 
target benchmarks—a different and more comprehensive understanding of innova-
tion is needed (for an overview on understandings of innovation, see Butzin et al. 
2014). Shaping industry policy according to the concept of Industry 5.0, the theo-
retical framework of social innovation can be very helpful, particularly regarding 
human-centricity. Social practices are in the centre of a definition by Howaldt and 
Schwarz (2010: 21): 

A social innovation is a new combination and/or new configuration of social practices in 
certain areas of action or social contexts prompted by certain actors or constellations of 
actors in an intentional targeted manner with the goal of better satisfying or answering needs 
and problems than is possible on the basis of established practice. 

Technological innovations need to be supported by non-technological elements. 
Innovation processes should be understood as social innovation processes, opening 
them up to co-creation—involving users, workers and citizens as well as cross-sector 
collaboration (Kohlgrüber et al. 2019). For a smooth implementation of new (techno-
logical) solutions and to ‘bring technology into society’ (ibid.), economic, social and 
environmental impact as well as organisational and personnel development must be 
considered right from the beginning. Especially, the implementation of new technolo-
gies is related to a change in the way of working (Kohlgrüber et al. 2019). Against 
this backdrop, the European twin transition (green and social transformation, see 
European Commission 2020) has to be completed by the necessary social transition 
dimension (triple transition). Such a social innovation process is leading to changing 
social practices—in the sense of Industry 5.0 towards a human-centric, resilient and 
sustainable industry. 

The concept of Social Innovation can frame this multi-layered development in the 
interplay of technology and social practices by:

. looking at the problem solution and not only at the given (technological) 
possibilities,

. putting societal, regional, local challenges at the centre of innovation policy— 
not economic prosperity, which can only partially solve societal challenges, as 
short-term goals conflict with long-term goals,

. combining social and technological innovations into system innovations and 
promoting innovation capability,
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. ensuring an interaction of different, not only economic actors, e.g. in the creation 
of sustainable supply chains using the circular economy. In Social Innovation 
theory, the cooperation of actors is an important enabler of social innovations 
(Butzin et al. 2014: 111). 

Against the backdrop of the described Industry 5.0 and the Social Innovation 
approach, the following section will discuss the relevance of skills for the human-
centric pillar. 

4 Skills: Central Part of Human-Centricity 

Technological changes in the form of the introduction of new technologies and 
the associated organisational decisions and adjustments create new skills require-
ments for employees and managers—a phenomenon that already accompanied earlier 
phases of technological progress in the working world (Autor et al. 2003). Yet, within 
the framework of the Industry 5.0 concept, workers are seen less as a cost factor and 
more as an investment (Breque et al. 2021). Although this perspective is not new— 
e.g. the Human Capital (Fleischhauer 2007) and the socio-technical system approach 
(Guest et al.  2022) are based on this—this human-centricity is a crucial aspect that 
distinguishes Industry 5.0 from Industry 4.0. Accordingly, the Industry 5.0 approach 
offers a framework for systematically introducing a human-centred approach before 
starting to develop and implement a technological solution (combining technological 
and social innovation). 

As a result, the topics of education and training and therefore skills for the digital 
transformation also take up a bigger scope. While aspects related to employee quali-
fications were previously seen as necessary factors for the successful implementation 
of digital technologies, a human-centred approach brings them further to the fore. 
Especially with regard to the industrial context, the question arises how workers 
can be empowered to work in a digital age, while technological changes, which go 
hand in hand with changing roles and an increasing dependence on technology, have 
often been perceived as a threat by employees so far (Breque et al. 2021). Going 
further, the question has to be answered, in how far new technologies could support 
the workers in their workplace (see workplace innovation approach fostered by the 
European Workplace Innovation Network (EUWIN n. y.)). 

As skill needs evolve about as fast as new technologies appear on the market, it is 
crucial to equip workers with the appropriate skills to ensure that they can cultivate 
employment opportunities in the digital age. Thereby, the first question is which 
skills are needed for the digital labour market and, in a second step, how these skills 
can be taught and made accessible. The introduction of digital technologies may 
also create new potential for the inclusion of vulnerable groups, such as non-native 
speakers, people older than 55, early school leavers and people without degrees as 
well as women—provided that they also have the necessary skills and competences 
(see BEYOND 4.0 project results; Kangas et al. 2022).
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The Industry 5.0 approach aims at making technologies even more user-friendly 
and application-oriented so that workers are not overburdened with new skill require-
ments. Indirectly, this formulates a strategy of using technology in a complementary 
way to facilitate and advance human work. In contrast, the consequences for human 
labour in the Industry 4.0 approach remain rather open, which sparked the discus-
sion about uncontrollable automation scenarios, not least in the public, but also in 
the scientific debate. Although this does not banish possible negative automation 
effects, an Industry 5.0 perspective helps to keep possible effects already in mind 
when designing technologies. An analysis of the task structure of jobs and their indi-
vidual affectedness can help in this regard. However, in accordance with the idea of 
an Industry 5.0, Fernández-Macías and Bisello (2020) argue that the analysis needs 
to move beyond a purely technical and deterministic view of jobs, not only viewing 
jobs as bundles of tasks but also as part of the social structure of productive organisa-
tions. Therefore, social factors such as the set-up of production and service provision 
are key to understanding the implications of technological change on employment, 
tasks and skill demands. 

Apart from the need to adapt technologies to human labour, there is also a need 
to develop training measures systematically to teach workers the necessary skills for 
the digital transformation. The vision of Industry 5.0 is thereby that all employees 
and industrial workers will be up- or reskilled. Detecting new skills demands and 
timely adjustments are therefore of utmost importance for the Industry 4.0 technology 
implementation and the Industry 5.0 approach. According to the social innovation 
theoretical concept (Butzin et al. 2014), a comprehensive bottom-up social inno-
vation process, integrating all the relevant stakeholder groups (companies, training 
providers, research institutions, associations and social partners) right from the begin-
ning is needed. This also includes the integration of managers, workers and trainers 
from concerned departments. Taking up this holistic approach the transformative 
potential and power of technological and social (people related) change is consid-
ered in a systemic way. To move things forward in this direction, new alliances with 
new constellations, roles, tasks and responsibilities in a reciprocal interplay have to 
be established. 

In this chapter’s approach of focusing on skills and considering them as an essen-
tial characteristic of a human-centred approach, the activities of the EU-funded 
projects BEYOND 4.0, SPIRE-SAIS and ESSA will be considered more profoundly 
as qualitative examples. All three projects recognise that skills and related training 
demands have to be aligned with the technological development. At the same time, it 
is recognised that skills development is a broad task for stakeholders from different 
sectors of society and is not only limited to industry players, whereby the initia-
tion of co-creation and social innovation processes in order to convey the necessary 
skills is of central importance. We already experienced such an approach in empir-
ical European-funded projects by integrating digital, green and social priorities in
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technological development conducted as a social innovation process, with a focus 
on:

. Analysing the impact of new technologies on the future of jobs, business models 
and welfare (BEYOND 4.0; see Beyond 4.0 n. y.).

. Explore the extent to which digital technologies have an integrative power and can 
promote employment, especially for disadvantaged labour market groups—with 
regard to the role of different actors as well as needed skills (also BEYOND 4.0).

. Close involvement and new role of workers in technological design and develop-
ment (COCOP (COCOP n. y.), emphasising their experience of the workplace.

. New human–machine collaboration and work division (ROBOHARSH).

. Simultaneously developing technology and training (COCOP, ROBOHARSH).

. Combining technological trends with pro-active skills adjustment (ESSA (ESTEP 
n. y.), SPIRE-SAIS (ASPIRE n. y.)). 

5 Skills Alliances: Multi-level Governance Fostering New 
Social Practices 

Industry 5.0 needs a change in the social practices and cooperation of companies and 
the education system, to overcome technological resistance of the workforce (Cirillo 
et al. 2021) looking for new and short-term ways of adjusting skills closely linked 
with the industry demands. This cannot be done by the different actors alone. An 
ecosystem-oriented alliance has to be established integrating the competences and 
expertise as well as the possibilities and responsibilities of the concerned stakeholders 
of all societal areas: industry, policy, research and education and civil society. 

Against this backdrop, the development of European Skills Alliances was initiated 
by the ‘New Skills Agenda’ and the related program for Sectoral Blueprints on Skills 
launched by the European Commission and funded by ERASMUS+ already since 
2018 (European Commission n. y.). The purpose of these already more than 20 
different sector-related Blueprints is to:

. ‘Gather skills intelligence and feed this into CEDEFOP’s Skills Intelligence tool.

. Develop a sector skills strategy.

. Design concrete education and training solutions for quick take-up at regional 
and local level, and for new occupations that are emerging.

. Set up a long-term action plan.

. Make use of EU tools e.g. EQF, ESCO, Europass, EQAVET.1 

. Address skills shortages and unemployment’. 

Within the European Steel Skills Alliance (ESSA) and the European Skills 
Alliance for Industrial Symbiosis (SPIRE-SAIS) a multi-sectoral, multi-stakeholder

1 EQF: European Qualifications Framework; ESCO: European Skills, Competences, Qualifications 
and Occupations; EQAVET: European Quality Assurance for Vocational Education and Training.
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cooperation was established to support up-/reskilling actions and to enhance compet-
itiveness of the energy-intensive industries sector by a well and high skilled work-
force. Within a common social innovation process both projects started on behalf of 
24 partners each, composed by the main European stakeholders, integrating compa-
nies, education and training providers, associations and social partners and research 
institutions with their dedicated roles and responsibilities. This core partnership was 
enhanced by a growing number of associated partners leading to about 40 engaged 
organisations in each of the alliances showing the great attention and relevance of this 
alliance covering ten industry sectors (Chemical, Water, Ceramics, Raw Materials, 
Cement, Non-ferrous Metals, Minerals, Engineering, Refinery, Pulp and Paper)— 
leading to a sound ground for sustainability already during the project but also for 
sustainability beyond the funding period. 

The partners bring together the full range of stakeholders and perspectives required 
to establish a sustainable strategic sector Skills Alliance ensuring European-wide 
delivery, engaging with national VET systems and cross-European frameworks 
to meet skill needs. Integrating the complementary competences of all partners 
is the ground for networking, policymaking, training delivery, and Europe-wide 
dissemination and implementation. 

6 Future Skills and Adjustment 

Among the main objectives of the Industry 5.0 approach, the teaching of skills for 
digital transformation plays a central role. However, this raises the question of which 
skills and competences are demanded for employees and managers to work in the 
digital age and in modern work organisations. 

The BEYOND 4.0 research project offers a first orientation in that matter. Within 
the framework of the project, a systematic literature research on digitalisation skills 
was carried out, on the basis of which a category system for future skills was devel-
oped, which was then tested by empirical field work. In the process, new and also 
already known skills that are increasingly important in the modern world of work were 
classified that are considered important for the digital transformation (Kohlgrüber 
et al. 2021). As a result, it can be stated that not only digital, but also non-digital skills, 
in the form of personal (e.g. required personal traits, e.g. adaptability to technolog-
ical changes), social (e.g. communication/collaboration) and methodological skills 
(e.g. problem-solving) gain importance in the course of the digital transformation 
(Kohlgrüber et al. 2021). 

Within BEYOND 4.0’s skills framework, primarily transversal skills were consid-
ered that tend to gain in importance across different professions in all sectors due 
to the influence of digitalisation. The high number of occupations and job profiles, 
combined with countless skills that are important for the respective tasks, make 
it difficult to specifically address job-specific skills (Kohlgrüber et al. 2021: 20). 
Nevertheless, these have an important function both in general and in the context 
of the digital transformation, so that job-specific skill demands are considered in
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the categorisation (cf . ibid.). Furthermore, it is assumed that digital competences in 
particular are closely related to job-specific skills and that there are interdependen-
cies here with regard to changing work tasks (Kohlgrüber et al. 2021). Nevertheless, 
digital competences are classified as general, transversal competences, in line with 
various studies (cf . Eckert et al. 2018; Kohlgrüber et al. 2021; Rampelt et al. 2019). 

ESSA offers more detailed insights into steel sector-specific skill requirements 
and a corresponding categorisation. The skills categorised here are not only those 
that are important for the digital transformation, but also those that are important for 
the green transformation and de-carbonisation—a topic that is particularly important 
in European industrial sectors. However, a wide range of skills related to almost all 
job profiles in production and maintenance are affected by Industry 4.0 technologies 
(Antonazzo et al. 2021). Not only technical skills are needed but more and more a 
set of transversal skills, e.g. green, social and methodological skills (see Fig. 1). 

Concerning new skills to increase industrial symbiosis of Energy Intensive Indus-
tries the Skills Alliance for Industrial Symbiosis (SPIRE-SAIS) is also mainly 
looking at the upskilling of related job profiles in production and functional areas for 
industrial symbiosis, across the industry sectors (steel, chemicals, ceramic, cement, 
etc.) concerning specific job profiles in the companies. However, in this skill setting 
a new job profile appears: The Industrial Symbiosis Facilitator, further developed 
also with a training program by the INSIGHT project (Insight n. y.) (see Fig. 2).

Concerning the related skills demands additional managerial and related opera-
tional skills are needed. Technical/technological and individual/personal skills are in 
place for the management and operational areas; additionally, the management level

Fig. 1 Technical and transversal skills demands in the European steel industry (own depiction, 
based on ESSA skill categorisation, see Bayón et al. (2020: 33)) 
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Fig. 2 Cross-sectoral job profiles affected with new skill for industrial symbiosis (based on 
Schröder (2021, p. 25))

is focusing on business and regulatory-related skills, which are needed both within the 
company and also for cross-company industrial symbiosis cooperation. In this way, 
the T-shaped approach of technological/technical skills (industrial symbiosis and 
energy efficiency related) and transversal skills (individual/personal) is broadened 
by business and regulatory-related skills on the management level. 

7 Co-creation Processes of Developers and Operators 

Beside considering and valuing new skills demands for the implementation of new 
technologies a more intensive element of fostering the human-centric approach of 
Industry 5.0 is to integrate the competences and experiences of the workers (or 
end users) at the concerned workplaces already in the (technological) development 
process (Colla et al. 2021; Schröder et al. 2020). This is not only leading to mutual 
learning processes and new skills during the development process but also ensures 
acceptance, usage and unfolding the potential of new technologies at the workplace. 

Within the project Coordinating Optimisation of Complex Industrial Processes 
(COCOP), complex production processes of industry plants were digitally supporting 
the operators by guidance of a coordinating, real-time optimisation system to opti-
mally run the production process (plant-wide optimisation as part of a socio-technical 
system). The development of this new software the technological development was 
combined with a social innovation process of co-creation and co-development for 
improving effectiveness and impact of the innovation and the operator acceptance.
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Fig. 3 Social key performance indicators 

Skills play an important role here, as does embedding in organisational working 
conditions and tailoring the new solution to the requirements of future users. 

With the integration of the workplace competences and experiences of the oper-
ators, human factor requirements for the technological development were detected 
and monitored by an interdisciplinary team of human factor experts, Key Perfor-
mance Indicator experts and software developers elaborating a workflow covering 
the human factor integration. Beside technological also Social Key Performance 
Indicators were defined and evaluated (see the main indicators—social dimensions 
in Fig. 3). 

Following the new innovation paradigm described above and also summarised by 
Kohlgrüber et al. (2019) and the Industry 5.0 approach a purely technological view 
was enhanced to a broader societal perspective:

. from a technological to a solution-oriented process perspective understanding 
technology as an enabler to solve a societal challenge;

. in the COCOP case: to improve energy efficiency, reduce waste and emissions, 
reduction of rejection, ensure competitiveness in a global market, improving 
qualification and employability of the workforce;

. to new overall and comprehensive structural principles of the innovation system;

. in the COCOP case: to integrate the human competences, experiences, and require-
ments in the technological development within a co-creation process as much as 
possible;

. organised in a comprehensive social innovation process to shape the technological 
development with non-technological issues taking impact on diverse areas (work-
force, organisation, acceptance, mutual learning of developers and end-users) into 
account;
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. in the COCOP case: combining the technological development with a social 
innovation perspective (Schröder et al. 2020, p. 39). 

In summary, the practical insights indicate that a successful human-centred 
approach in the context of Industry 5.0 requires a combination of technological 
and social innovation. This is especially true regarding skills. In the Industry 5.0 
approach, the aspects of education and training thereby come more to the fore. In a 
first step, the assessment of the important digital future skills is of great importance 
to be able to teach them successfully and proactively. For the concrete and systematic 
development of training programmes, the right stakeholder groups must be involved 
not only with their competences but also with their responsibilities. 

8 Conclusion 

Industry 5.0 and Social Innovation is changing the view on Industry 4.0 technologies 
to a triple transition: Digital, Green and Social. The empirical results of the skills 
analysis and activities illustrated by recent projects underline that, from an Industry 
5.0 perspective, specific skills demand and adjustments are pushing Industry 4.0 to a 
more human-centric, resilient and sustainable industry. Concerning the three pillars 
of Industry 5.0, skills

. are evidently an essential part of human-centricity, needed to develop, implement 
and use technology primarily for the benefit of people/workers but also to unfold 
the full potential of innovations at the workplace,

. are needed at the workplace for improving reduction of waste and emis-
sions as well as for industrial cooperation reducing environmental pollution 
(sustainability),

. are the ground for better and constantly adapting and managing change 
(resilience). 

This includes also changing social practices:

. Considering impact of new technologies on future of jobs, business models and 
welfare right from the beginning of an innovation.

. Better integration of social and green priorities in technological innovation 
(technological development as a social innovation process).

. Close involvement of workers and people concerned in technological design and 
development, integrating their experience of the workplace.

. Empowerment of workers, proactive re- and upskilling.

. New human–machine collaboration and work division.

. Simultaneously developing technology and training, combining technological 
trends with pro-active skills adjustment. 

However, it has not to be forgotten that human and technological changes go hand 
in hand with organisational ones. The triangle ‘human-technology-organisation’
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(Dregger et al. 2016) has to be considered by looking explicitly at the interfaces 
between these three pillars. Therefore, Industry 5.0 is also socio-centred approach 
(Müller 2020) based on socio-technical work system performance. 

A deeper overview of the state of the art and preconditions for adding the Industry 
5.0 perspective (human-centric, resilient, sustainable) to Industry 4.0 related inno-
vations and implementations is needed, followed by an Industry 5.0 framework 
for engaging stakeholders, raising awareness, increasing acceptance, gathering and 
exchanging good practices, enabling policy and regulations, market conditions, 
development indicators, and others. This should also include an evidence-based and 
long-term management of the European Industry workforce and skills needs, which 
accounts for an inclusive working environment and empowered workforce strategy, 
in order to build a human-centric European Industry. 

Multi-level and multi-governance engaging all societal areas (industry, policy, 
research and education, civil society) is the needed ground for setting the scheme 
for a comprehensive social innovation process, engaging the willing stakeholders 
from all societal areas to develop an Industry 5.0 roadmap and movement for new 
social practices, skills and mindsets (especially in industry) within respective ecosys-
tems. Within such a social innovation process from the challenge and idea over 
related interventions to an implementation and institutionalisation industry-driven 
transition pathways for achieving human-centric innovation and a social, resilient 
and sustainable transformation to the Industry 5.0 approach should be developed 
(roadmaps). 
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1 Introduction 

In recent years, seven drivers of change for the industrial technological transformation 
in Europe have been identified (Murri et al. 2021),1 as follows: 1. Advanced manu-
facturing (Industry 4.0), 2. Advanced materials development, 3. Complex and global 
supply chains, 4. Market competition and over-capacity, 5. Life cycle design, pollu-
tion prevention and product recyclability, 6. Decarbonisation and Energy Efficiency 
and 7. Evolution of customer requirements. In this context, digital transformation 
is considered the key enabler directly impacting on advanced manufacturing and it 
transversally affects the pathway towards sustainability (Neligan 2018).
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Production processes can become more effective and efficient through the imple-
mentation of digital solutions at operation/company level, such as business informa-
tion systems in combination with measurement sensors, smart production services, 
tools from information, communication and automation technology (e.g. simula-
tion and forecasting models, self-learning assistance systems and diagnostic tools, 
or lab-on-chip systems for real-time analysis). As a consequence, the flexibility 
of production processes will be enhanced through the application of networked 
machines and components communicating with each other via the Internet and form 
Cyber-Physical Systems (CPS) (Iannino et al. 2019) and Cyber-Physical Systems 
of Systems (CPSoS) (Biedermann 2019). In addition, new additive manufacturing 
(AM) processes, such as 3D printing technologies, can improve resource efficiency 
by enabling customisation of components production; optimised component struc-
tures can lead to weight savings and waste reduction, resulting in lower life cycle 
costs. 

As far as the steel sector is concerned, current technological transformations and 
developments are expected to have a very relevant impact (Branca et al. 2020). The 
application of digital technologies in the steel production processes is mainly focused 
on advanced tools for the optimisation of the whole production chain (Maddaloni 
et al. 2015) as well as on specific technologies for product quality monitoring and 
optimisation (Damacharla et al. 2021), energy and resource efficiency (Matino et al. 
2019a, b) and CO2-lean production (Porzio et al. 2013). 

In addition, the social innovation represents one of the key factors for the effective 
way of developing and implementing this technological transformation (Colla et al. 
2017). This can be achieved by integrating workplace experience and demands, by 
upskilling the workforce and by improving working conditions and safety, creating 
qualified jobs and enhancing the workers’ competencies through the support of digital 
technologies. On the other hand, digital innovation can enable social innovation 
through knowledge sharing, cooperative work and networking. Nevertheless, one of 
the most relevant barriers to overcome to effectively implement these technologies 
is the lack of qualified personnel. 

As Energy Intensive Industries (EIIs) are responsible for about 8% of the European 
Union (EU)’s emissions (European Commission 2020a), to become more compet-
itive at global level, they have to manage energy transition, energy technologies 
for resilience and cost reductions. On this subject, the technological development 
represents a key aspect to reach their environmental sustainability through emission 
reductions and energy saving. In the context of the sustainable development, the 
EU has been committed to deliver on the 2030 Agenda for the Sustainable Devel-
opment Goals (SDGs), adopted by the United Nations (UN) General Assembly in 
2015 (United Nations 2015), as outlined in ‘Towards a Sustainable Europe by 2030’ 
(European Commission 2019a). In this context, digital technologies could positively 
affect the SDGs implementation through ‘green growth’ development patterns (Eteris 
2020), by using digital solutions in sustainability. 

After the Energy Union initiative (European Commission 2015), the European 
Commission (EC) launched the European Green Deal (EGD) for the EU and its 
citizens (European Commission 2019b). This ambitious objective reflects the EC’s
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commitment to transform Europe into the world’s first climate-neutral continent 
by 2050 as well as into a sustainable, prosperous, modern, resource-efficient and 
competitive economy according to ‘A New Circular Economy Action Plan’ (Euro-
pean Commission 2020b), which is one of the main building blocks of the EGD 
for creating incentives to promote circular business models. The EGD will have an 
important impact on process industries, as EU aims at becoming the world’s first 
climate-neutral continent, achieving net-zero greenhouse gas (GHG) emissions by 
2050, cutting GHG emissions, investing in cutting-edge research and innovation. 
Significant opportunities and challenges for EIIs can rise to reach a strong interna-
tional competitiveness (Lechtenböhmer and Fischedick 2020) as they are responsible 
for around 20% of total GHG emissions. Therefore, an integrated climate and industry 
strategy is crucial in their activities, as key element to implement the EGD objectives. 

Digitalisation, as a key factor affecting the technological transformation of EIIs, 
is fundamental to achieve the EU climate objectives, according to the European 
Green Deal (European Commission 2019b). In this context, green technologies, 
combined with EU initiatives, aimed at Digitising European Industry (European 
Commission 2016), including a better and growing use of technologies, such as Big 
Data (Brandenburger et al. 2016) and Artificial Intelligence (AI) (Duft and Durana 
2020). To this purpose, companies are committed to enclose sustainability into their 
business models for improving their corporate image and to save energy and mate-
rial costs, resulting in industrial resource efficiency (Matino et al. 2016, 2017a). 
On this purpose, research activities can help industries in renewing their business 
model and better account for environmental sustainability in their business ecosys-
tems (Arens 2019). Furthermore, the Processes4Planet (P4Planet) partnership aims 
at transforming European EIIs in order to achieve overall climate neutrality at EU 
level by 2050 (SPIRE 2021). In particular, the Process4Planet 2050 roadmap aims at 
reaching the transition to a climate neutral and circular society by both technological 
innovation and a holistic systemic socio-economic approach. 

As the EGD achievements depend on the horizontal, cross-sectoral integration 
of an industrial strategy implemented throughout the full value chain, the European 
steel industry needs a supportive regulatory framework to ensure its international 
competitiveness, during and beyond the transition towards CO2-lean production of 
steel (EUROFER 2020). On this subject, the agreement between EU steel industry 
and the EU institutions and governments can lead to set an action plan to a market 
for green steel in the period from 2021 to 2030. In this regard, the EU steel industry 
is committed to achieve the EU’s climate objectives by reducing CO2 emissions by 
2030 by 30% compared to 2018 (which equates to 55% compared to 1990) and by 
80 to 95% by 2050. 

The present work aims at analysing current and upcoming developments related 
to the digital transformation and Industry 4.0 in the steel sector, according to the 
four levers of the digital transformation (i.e. Digital Data, Automation, Connectivity 
and Digital Customer Access). In addition, digital technologies were presented as 
enabler of green technologies to achieve the climate objectives, and in accordance 
to the ‘Green Steel for Europe’ project (Green Steel for Europe 2022) and the Clean 
Steel Partnership (CSP) roadmap (ESTEP 2020). In the ‘Green Steel for Europe’
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an innovative approach has developed impacts to tackle the decarbonisation of the 
European steel industry. On the other hand, according to the CSP and its roadmap, 
digitalisation, as enabler, has been included among the six areas of intervention 
(CDA: Carbon Direct Avoidance, SCU-CCU: Smart Carbon Usage—Carbon Capture 
and Utilization, SCU-PI: Smart Carbon Usage Process Integration, CE: Circular 
Economy, their combination and Enablers) that aim at achieving the carbon–neutral 
steel production. In addition, the current and upcoming role of digital technologies 
as support of social innovation aims to improve safety and health of employees 
and to enable a new way of work within efficient plants to face the new challenges 
and to remain competitive and sustainable at the same time. In fact, the successful 
implementation of new technologies strongly depends on the human perspective in 
all steps of the applied technical solution, integrating and encompassing the context 
of social innovation. 

The centrality of human beings inside the manufacturing chain or in the neigh-
bouring community is highlighted in the context of Industry 5.0 (European Commis-
sion 2021a), concerning the transition towards a sustainable, human-centric and 
resilient European industry, where production respects the boundaries of planet and 
the centrality of workers wellbeing in the production process. In addition, Industry 
5.0 is based on the integration of social and environmental European priorities into 
the technological innovation (Paschek et al. 2019). 

However, technological achievements, from human labour centred production to 
fully automated way (Larsson and Lindfred 2019), have different impacts on the 
workforce: on one hand, relieving humans from monotonous and physically stren-
uous work to be replaced with creative work, and, on the other hand, increasing unem-
ployment and widespread workforce de-skilling. However, the impact of the digital 
technologies application on the low skilled workers is an open issue, which needs to 
be faced in the near future, with different approaches, such as up-, reskilling, reduc-
tion of ‘middle qualification level’ workers (polarisation), use of external personnel, 
etc. Further analyses of future impacts of digital technologies on the workforce 
(BEYOND 4.0 2022) suggest the combination of professional skills and digital skills 
on sectoral level and provide indications both for Vocational Education and Training 
(VET) systems and stakeholders at regional level. Furthermore, a first VET systems 
analysis has been performed in the ESSA project through the identification possible 
contributions from different systems in the member states, mainly focused on five 
case study countries (Germany, Italy, Poland, Spain, United Kingdom) (ESSA 2020). 

Started in January 2019 (see chapters “Introduction: The Historic Importance 
and Continued Relevance of Steel-Making in Europe” and “The Technological and 
Social Transformation of the European Steel Industry: Towards Decarbonisation and 
Digitalisation” for more information on the project). 2 

This chapter is organised as follows: Sect. 2 introduces digital technologies as 
enabler of green technologies. In Sect. 3, digital technologies as a support of the

2 The work presented in this chapter is part of the Erasmus+ Blueprint project ‘New Skills Agenda 
Steel: Industry-driven sustainable European Steel Skills Agenda and Strategy’ (ESSA) 
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social innovation are analysed. Section 4 discusses the future scenario for the metal 
sector. Finally, Sect. 5 provides some concluding remarks. 

2 Digital Technologies as Enablers of Green Technologies 

As highlighted in the EGD (European Commission 2019b), digital technologies play 
a fundamental role as enablers of new green technologies to achieve a sustainable 
ecological transition. Therefore, the development of both green and digital technolo-
gies aims at a twin transition (digital and green) as the main driver for the European 
industry’s competitiveness. For instance, digital technologies represent new opportu-
nities for monitoring air and water pollution as well as for monitoring and optimising 
energy and natural resource consumption. 

According to the SPIRE’s (Sustainable Process Industry through Resource and 
Energy Efficiency) new Vision 2050 (SPIRE 2018), the future of Europe will be 
based on a strong cooperation across industries in order to achieve physical and 
digital interconnection, through the development of innovative ‘industrial ecology’ 
business models addressing climate change and enabling a circular society. On this 
subject, developments in the future process industry will be crucial (Glavič et al.  
2021), such as climate change with GHGs emissions and ecosystems, energy with 
renewable sources and efficiency, (critical) raw materials and other resources, water 
resources and recycling, zero waste, Circular Economy (CE) and resource efficiency 
(Matino et al. 2019b; Rieger et al. 2021), supply chain integration, process design 
and optimisation (Colla et al. 2016), process integration (Porzio et al. 2014) and 
intensification, industrial ecology and life cycle thinking, industrial-urban symbiosis, 
product design for circularity, digitalisation, sustainable transport, green jobs, health 
and safety, hazardous materials and waste reduction, customer satisfaction, education 
and lifelong learning (Branca et al. 2021). 

Consequently, several benefits can be obtained, such as preserving the EU tech-
nological leadership through the maintenance of its competitive position, enabling 
innovative solutions (including technical, organisational, financial, etc.) and devel-
oping new business models and social practices, which can contribute to the sustain-
ability by reducing environmental impacts. Both Industry 4.0 and the CE aim at 
improving products and processes and optimising resource usage and costs. CE 
can drive the transition of manufacturing industries towards systemic sustainability 
(Bradford 2015) and Industry 4.0 can drive innovation and the digital transformation 
towards smart and resilient manufacturing industries. 

Digital technologies as enabler of green technologies can help at reducing natural 
resource exploitation, enhancing material and energy efficiency. In particular, they 
have a strategic role in increasing technological performances with the aim of 
reducing and optimising energy and materials consumptions along the steel produc-
tion routes. For instance, process optimisation and monitoring, as well as systems 
integration, are crucial for the optimal energy management along the steel produc-
tion (Colla et al. 2019). In addition, real-time monitoring ensures the product quality
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(Vannocci et al. 2019), leading to reduced by-products and waste production. Further-
more, the combination of novel tools for a rapid characterisation of solid and liquid 
slags, advanced models and complex data analytics and AI models can increase 
valorisation and reuse of slags, resulting in boosting the slag reuse and recycling 
(Matino et al. 2017b). AI-based predictive models can also be used for the opti-
mised maintenance and production scheduling. In this context, digital technologies 
effectively can support the transaction to the new green production. In this context, 
the International Energy Agency (IEA) technology Roadmap (International Energy 
Agency 2020) analysed key technologies and their integration in steel sector to 
achieve the ambitious goal of at least 50% of CO2 emissions reduction by 2050. 
On this subject, in a short term, the technology performance improvement in the 
current production routes will play a fundamental role, while, in the medium-long 
term, a new technological transformation based on carbon capture and storage/carbon 
capture, utilisation and storage (CCS/CCUS) and the substitution of carbon with other 
energy sources (i.e. hydrogen), will become increasingly important. 

To transform the EU into a prosperous, modern, resource-efficient and competitive 
economy, major technological developments in the EU steel industry will be in line 
with the recent European initiatives following the Green Deal strategy and strongly 
oriented towards the climate objectives in Europe in terms of low-carbon steelmaking 
(‘zero-carbon steelmaking’). For this purpose, a recent project, ‘Green Steel for 
Europe’ (Green Steel) (Green Steel for Europe 2022) aims at supporting EU towards 
achieving the 2030 climate and energy targets and the 2050 long-term strategy for a 
climate neutral Europe, through effective solutions for clean steelmaking to meet the 
decarbonisation of the European steel industry. The most promising technologies, in 
terms of CO2 mitigation potential, were identified in Deliverable D1.2 (Green Steel 
for Europe 2021a). In particular, along with currently addressed CO2 mitigation path-
ways in the European steel industry (i.e. Carbon Direct Avoidance (CDA), Process 
Integration (PI) and Carbon Capture and Usage (CCU)), the identified technologies 
are: Hydrogen-based Direct Reduction (H2-DR), Hydrogen Plasma Smelting Reduc-
tion (HPSR), Alkaline Iron Electrolysis (AIE), Molten Oxide Electrolysis (MOE), 
Carbon Dioxide Conversion and Utilization (CCU), Iron Bath Reactor Smelting 
Reduction (IBRSR), gas injection into the BF, substitution of fossil energy carriers 
by biomass, high-quality steelmaking with increased scrap usage. 

In addition, different barriers, such as technical, organisational, regulatory, or 
societal, and financial ones, (Collection of possible decarbonisation barriers, D1.5) 
(Green Steel for Europe 2021b) have been identified. On the other hand, significant 
investments and economic efforts will be needed up to 2050 for the decarbonisa-
tion technologies deployment (Green Steel for Europe 2021c). As a joint collabora-
tion among the steel industry and other stakeholders for achieving the Green Deal 
decarbonisation targets is crucial, the Clean Steel Partnership (CSP) (ESTEP 2020) 
initiative under the framework of Horizon Europe is associated with the creation of 
focused Public Private Partnerships (PPP). The CSP Roadmap provides six areas of 
intervention corresponding to the identified technological pathways and including 
digitalisation and skills as enablers for the implementation of the technologies and 
combination of technologies for carbon–neutral steel production. In particular, the



The Impact of the New Technologies and the EU Climate Objectives … 59

Fig. 1 Connection among 
the 6 areas of intervention 
for carbon–neutral steel 
production 

six areas of intervention (CDA, SCU-CCU, SCU-PI, CE, their combination and 
Enablers) are shown in Fig. 1. 

The ‘Enablers & support actions’ aim at integrating the most recent digital tech-
nologies, such as AI and digital solutions in industrial production as well as new 
measurement systems and digital tools for monitoring and control, by using Internet 
of Things (IoT) (Xia et al. 2012; Zhang et al. 2016) in the new steel production. In 
addition, further examples are represented by new predictive and dynamic models and 
scheduling tools, tailored to process planning, assessment and optimisation. Beside 
digitalisation also skills and competences are seen as a relevant enabler to unfold the 
full potential of new solutions at the workplace. 

Based on a technology ‘building blocks’ (BB) approach (see Table 1), each block 
represents basic actions for providing decarbonisation technologies, such as digital 
technologies for developing green technologies in different intervention areas, to 
reach the effective decarburisation of steel production.

For instance, under CE frame (BB9), a major contribution is expected through 
the definition of a common Life Cycle Inventory for residues, and design and devel-
opment of a tool for continuous monitoring of effects of circular approach/solutions 
on CO2 emissions. On the other hand, in the dedicated building block on ‘Enablers 
(skills, digitalisation) for clean steel development’, enablers are necessary for imple-
menting technical and organisational conditions to plan and manage a sustainable 
steel production. In this context, new technologies will be crucial for the integration 
of new digital tools for monitoring and control as well as the extensive use of Indus-
trial IoT (IIoT) approach. Such approach allows, for instance, fast integration of new 
measurement techniques into the set of data streams to be monitored and used for 
controlling process. For this purpose, Machine Learning (ML), AI techniques and 
Cybersecurity will play an ever-increasing role. In the standardised description of the 
Information and Communications Technology (ICT) and automation systems (see 
Fig. 2), the automation levels of Plant Control, Scheduling and Production Planning 
and Control are involved.

Additionally, it has been underlined in Colla et al. (2020) that a full exploitation of 
the potential of the data collected through all the steps of the manufacturing processes,
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Table 1 Building blocks contributions to the six areas (ESTEP 2020) 

Areas of intervention 

Building blocks 
(1–12) 

CDA SCU-CCUS SCU-PI CE Combination Enablers 

1. Gas injection Major Minor Major Minor Major Minor 

2. Metal oxide 
reduction 

Major Minor Major Major Major Minor 

3. Melting 
technology 

Major NO Major Minor Major Minor 

4. Adjustment 
production 

Major Major Major Major Major Major 

5. CO/CO2 
utilisation 

NO Major Major Minor Major NO 

6. Raw materials 
preparation 

Major NO Minor Major Major Major 

7. Heat generation Major Minor Major Minor Major Minor 

8. Energy 
management 

Major Minor Major Major Minor Major 

9. Steel specific CE 
solutions 

Minor Minor Major Major Major Major 

10. Enablers (skills, 
digitalisation) 

Major Minor Major Minor Major Major 

11. Low CO2 
emissions 
downstream 
processes 

Major Major Major Minor Major Major 

12. Innovative steel 
applications for 
low CO2 
emissions 

Major Minor Minor Minor NO Minor

in the light of the transformation of traditional plants and machineries into CPSoS, 
is only possible through a gradual transition from the classical pyramidal structure 
depicted in Fig. 2 to a flat and flexible architecture, such as the exemplar RAMI4.0 
(Schweichhart 2019). 

Process optimisation and monitoring, as well as systems integration, are impor-
tant for the energy management along the steel production. In particular, AI-based 
predictive models are used for optimised maintenance and production scheduling. 
This shows, as digital technologies effectively support the new green technolo-
gies, that they are also contributing to their development at early stages. On this 
subject, two current EU-funded projects, such as Retrofeed (Implementation of 
a smart RETROfitting framework in the process industry towards its operation 
with variable, biobased and circular FEEDstock) (Retrofeed 2022) and REVaMP 
(Retrofitting equipment for efficient use of variable feedstock in metal making 
processes) (REVaMP 2022) are focused on how digital technologies can support
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Fig. 2 Standardised description of the ICT and automation systems (ESTEP 2020)

to implementation of process improvements to achieve materials and energy effi-
ciency in the steel production. The use of renewable feedstock and industrial residues 
as a complement of the furnace feedstock supply (Retrofeed) and the management 
of feedstock variability and selection (REVaMP) in steelmaking are two different 
approaches on resource efficiency and low-carbon technologies in existing steel 
plants. In particular, in the Retrofeed project advanced monitoring and control 
systems and a Decision Support System for supervising retrofitting activities and 
evaluating the best retrofitting capabilities along the production chain have been 
developed. On the other hand, in the REVaMP project retrofitting technologies, based 
on sensors for the chemical characterisation of metal scrap, advanced monitoring 
and control of the melting process for the adaptation and the integration in existing 
processes have been applied. 

Further digital technologies as enabler of green technologies in the steel sector 
concern green recycling in the Electric Arc Furnace (EAF) steelmaking route. 
In particular, the introduction of the concept of ABSC (Activity-Based Standard 
Costing) integrated into Enterprise Resource Planning (ERP) and Manufacturing 
Execution System (MES) aimed at achieving an efficient production management 
in a digital environment (Tsai 2019), supporting smart manufacturing, such as work 
forecasting, status monitoring, Work In Process (WIP) tracking, throughput tracking 
and capacity feedback. Furthermore, ABSC as costing tool can enhance the busi-
ness operating abilities of quality, cost, delivery, service, resources and productivity. 
Additionally, an ongoing project co-funded by the EU Research Fund for Coal and 
Steel (RFCS), entitled ‘Optimising slag reuse and recycling in electric steelmaking 
at optimum metallurgical performance through on-line characterization devices and 
intelligent decision support systems (iSlag)’ (iSlag 2022), is focused on the improve-
ment of EAF slag valorisation, supporting good practices and exploring new recycling
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paths by integrating innovative measurement devices with modelling and simula-
tion systems. By developing decision support concepts and systems, which help the 
implementation of smart slag conditioning practices and optimal slag handling for its 
internal and external reuse and recycling, iSlag will provide operators with easy-to-
use tools to support Industrial Symbiosis and CE practices as well as to reduce slag 
disposal costs. A further ongoing RFCS project, entitled ‘Energy Management in 
the Era of Industry 4.0’ (EnerMIND) (EnerMIND 2022) aims at optimising energy 
management in steelworks by applying a pioneering software, based on a new IoT/ 
IIoT architecture, able to connect the energy market with the internal energy manage-
ment. Through innovative AI/ML models for anomaly recognition in energy manage-
ment this project aims at demonstrating the strong contribution of AI techniques in 
improving energy efficiency in the electric steelmaking route. 

3 Digital Technologies as a Support of the Social Innovation 

In order to design a ‘Green New Deal’ it is also fundamental to consider the tran-
sition as a key issue, and, over the last few years, progresses have been achieved 
in this direction. In particular, guidelines for a just ecological transition (Interna-
tional Labour Organization 2015) and for the Future of Work (International Labour 
Organization 2019) have been developed. 

On the other hand, social transitions will have a deep impact on industry. In addi-
tion, current European political priorities can affect industry. In particular, the EGD 
(European Commission 2019b) will need a transition to a more circular economy and 
a reliance on sustainable resources including energy and ‘Europe Fit for the Digital 
Age’ (European Commission 2020c) aims at increasing technological innovation in 
Europe, making digital a priority for Europe; the European Research Area (ERA) 
(European Commission 2020d) will promote research and innovation in Europe, 
while the new European Industrial Strategy (European Commission 2021b) and 
Skills Agenda (European Commission 2020e) will address skills shortages. Finally, 
the White Paper on a regulation of AI (European Commission 2020f), and the Euro-
pean Data Strategy (European Commission 2020g) highlighted the importance that 
EC ascribes to the social impact of digital technologies. 

In addition, up to now decarbonisation and climate adaptation efforts with climate 
and social justice have been mainly focused on (Bergamaschi 2020):

. creating new quality jobs and inclusive transition processes;

. building resilience activities for protecting groups most exposed to climate 
impacts;

. achieving the Paris Agreement objectives (Paris Agreement 2015) to ensure 
climate justice for people and future generations;

. recognising and addressing specific challenges faced by specific sectors, regions, 
cities and communities most vulnerable to change.
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In the next few decades, significant occupation changes will occur, as shown in the 
draft of National Energy and Climate Plan (NECP) (European Commission 2019c). 
In particular, new jobs will be required in the renewable sector and in the fossil fuels 
sector. In addition, in Energy Intensive Industries (EIIs), such as steel, cement and 
aluminium sectors as well as the car manufacturing industry, the employment land-
scape will change, due to the technological changes, and, consequently, new plans 
should be designed and implemented. In particular, the need for skills to achieve a 
carbon–neutral economy by 2050 and the zero-pollution goal (European Commis-
sion 2019b) represents a boost for EU governments to include workforce upskilling 
and reskilling for the energy transition into their National Recovery and Resilience 
Plans. These plans will outline all projects to be implemented up to 2026, and will 
have to devote at least 37% of the foreseen expenditure to green investments and 
reforms to contrast climate change and to achieve environmental objectives (Interreg 
Europe Policy Learning Platform 2021). In this context, the following aspects are 
crucial for the EU policy and support:

. stronger climate action under the European Green Deal to implement the Paris 
Agreement will need a review of EU targets on energy efficiency and renewable 
for 2030;

. actions to ensure adequate skillset of workers;

. the connection between skills and the new transformations is tackled in the 
Renovation Wave (European Commission 2020h), the Pact for Skills (Euro-
pean Commission 2020i) and the European Climate Pact (European Commission 
2020j), adopted by the European Commission (EC). 

Furthermore, fundamental aspects from a regional perspective are:

. setting up a dedicated structure in order to promote skills supporting the energy 
transition;

. establishing regional energy agencies to improve energy efficiency skills and to 
define the mission/focus of the dedicated structures;

. pushing for the fiscal measures adoption in order to carry out renovation works 
by project proposals on energy efficiency in specific sectors;

. introducing incentives in order to engage SMEs in energy efficiency activities and 
to support employment at regional level. 

As far as the steel industry is concerned, the application of digital technologies in 
all production areas is an ongoing process, although in some steel companies digital 
transformation is still marginal. Digital technologies, such as AI and AM, help to 
optimise resource efficiency and minimising by-products and waste. In addition, 
resilience refers to the development of high robustness in industrial production, to 
support against disruptions and to provide critical infrastructure in times of crisis. 
Significant improvements can be achieved in terms of process efficiency, product 
quality but also in socio-economic and environmental sustainability (Colla et al. 
2020). Furthermore, the European steel industry aims at achieving challenges to 
address workforce and skill demands to exploit the potential of new technologies 
(Branca et al. 2020). In this context, the implementation of digital technologies and
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business models aims to the adaptation to a changing market and to the improvement 
of performances, involving also employees. On one hand, designing a process, its 
equipment, and products can enable safety and health protection of employees. In 
particular, using process monitoring and control, automation, even robots can prevent 
contact with dangerous substances, fires and explosions, accidents at work, release 
heavy burdens, etc. On the other hand, digital technologies aim at releasing workers 
from process malfunctions, unexpected events, or accidents, by also considering a 
social innovation paradigm, combining technological with social innovation (Colla 
et al. 2017). An innovative system as a human–robot (Bauer and Vocke 2020) coop-
erative environment implementation in a harsh and complex workplace was recently 
studied, with important results from field testing of a robotic workstation to support 
steelworks operators in the maintenance of the ladle sliding gate (Colla et al. 2021). 
This can contribute to improve workers’ health and safety conditions as well as to 
promote upskilling of the technical personnel, particularly on digital skills. Further 
applications of the proposed solutions can be related to other types of sliding gate 
in the steelworks, aiming at reducing the number of operations that need human 
interventions. 

Digital innovation holds a strong potential for enabling and supporting the 
social innovation, through the facilitation of knowledge sharing, cooperative work, 
developments and networking. In the integration of digital technological innova-
tions within a social innovation process, digital technologies play a key role in 
supporting the collaboration, the knowledge sharing and the networking among 
various stakeholders, resulting in emerging skills and in the promotion of the 
upskilling process. 

Skills mismatch can be overcome by training activities ensuring that the avail-
able skillset better matches the skills requirements in industry. This is one of the 
approaches developed in the ESSA project (The ESSA Project 2022) as well as in  
two Horizon 2020 projects, such as SAM (Sector Skills Strategy in Additive Manu-
facturing) (The SAM Project 2019) and SPIRE-SAIS (Skills Alliance for Indus-
trial Symbiosis—a cross-sectoral Blueprint for a sustainable Process Industry) (The 
SPIRE-SAIS Project 2022). 

A top-10 of skills has been identified by the World Manufacturing Forum for 
the future manufacturing, including four digital skills, such as ‘digital literacy, AI 
and data analytics’, ‘working with new technologies’, ‘cybersecurity’ and ‘data-
mindfulness’, while the other six skills are more transversal and linked to creative, 
entrepreneurial, flexible and open-minded thinking (World Manufacturing Forum 
2019). Training and education activities should include:

. upskilling and reskilling regional schemes, based on identification of missed skills 
or skills that require upgrading;

. integration of energy efficiency skills into vocational education and training (VET) 
programmes;

. including such concepts into the offer of academic programmes. 

In addition, the study of science, technology, engineering, and mathematics 
(STEM) should be encouraged, as fundamental knowledge for developing sustainable
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technologies and processes in the context of CE. A recent analysis on the situation 
of the European steelmaking workforce (SpA CSM et al. 2020), in terms of most 
needed skills deals with current and future skills gaps also due to the increased use of 
digital technologies in steelworks and the lack of suitable educational programmes. 
The transition to CE and a sustainable society can be supported not only through the 
condition of new financial investments, but also through political agreements and 
regulations imposing restrictions on countries and companies. 

4 Future Scenario 

The future scenario for the metal sector will mainly concern digital technologies as 
drivers of a new way of work within efficient plants to tackle some crucial challenges 
in the next future. These main challenges are represented by the supply of raw 
materials and energy, plants adaptation for CO2 abatement, lack of skills due to 
the implementation of digital technologies and changes in steel consumption (ABB 
2019). 

In the future the steel industry will be ever more digitalised, making available 
vast amount of data from the whole production chain and even from the areas where 
steel plants are located. To improve the plants’ efficiency, the acquired data need 
to be properly managed and integrated along the production chain, including the 
resources optimisation and the equipment maintenance. In addition, the improved 
process automation will result in requiring plants’ operator intervention mainly for 
maintenance and the management of unforeseen situations. Furthermore, operators 
can be real time supported by augmented reality tools during maintenance activities, 
while wireless technologies can support the remote control and the real-time super-
vision of processes. Finally, advanced material tracking systems, based on digital 
technologies communicating the material’s properties, can support in identifying 
products along their life cycle up to their recycling. 

As the steel industry is one of the biggest GHG emitters, significant actions should 
be implemented to become a low-emitting and carbon–neutral industry. Modernising 
production facilities and energy systems and adopting new pioneering technologies, 
the steel sector could achieve the goal of 0.4–0.5 t CO2/t steel, reducing two-thirds 
of its current annual emissions (Holappa 2020). In particular, in the short term, 
improving energy efficiency by applying best available technologies in all process 
could decrease the emissions by 15–20%, while further reductions towards 1.0 t CO2/ 
t steel level are achievable via top gas recycling and replacement of coke by biomass. 
In addition, replacing hydrogen for carbon in reductants and fuels like natural gas 
and coke gas can decrease CO2 emissions remarkably, while more radical cut could 
be achieved by CO2 capture and storage (CCS). Furthermore, potential application of 
hydrogen as a fuel and reductant in ironmaking has been launched in several research 
programs. Finally, supporting the steel industry in its endeavour to increase the use 
of recycled steel (from 30 to 50%) in steel production will lead to higher share of 
EAF production, and strongly increasing demand for carbon–neutral electricity.
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The innovation process will enclose not only technological and economic features, 
but also environmental and social dimensions. This vision is aligned to the transition 
towards Industry 5.0 based on digital technologies supporting the social innovation, 
such as working conditions improvement and worker’s competences valorisation. On 
this subject, AI or robotics can contribute to optimising human–machine interactions, 
also avoiding strenuous jobs. Such transition has already started by harmonising 
Industry 5.0 with the paradigm of Industry 4.0 through research and innovation to the 
transition to a sustainable, human-centric and resilient European industry (European 
Commission 2021a). In this context, actions foreseen as next steps to Industry 5.0 
are, as follows:

. increasing awareness in industry;

. implementing a technological landscape to enable the transition from Industry 
4.0 to Industry 5.0;

. identifying existing actions and opportunities for the development of Industry 5.0 
across Europe;

. checking regulation barriers to innovation relevant for Industry 5.0;

. exploring open innovation and testing new forms of sharing research and 
innovation results (in line with the directives on competitiveness);

. promoting the hallmark features of Industry 5.0 as guiding principles for the 
development of common technology roadmaps under the Strategic Innovation 
Agendas;

. outreaching to other policy areas, as transition into Industry 5.0 will require a 
number of policy actions different areas. 

In the context of Industry 5.0, the integration of social and environmental European 
priorities into technological innovation and the shifting to a systemic approach are 
fundamental. In this regard, six categories to be combined with other ones, as a part 
of technological frameworks, have been identified: 

1. Individualised human–machine-interaction; 
2. Bio-inspired technologies and smart materials; 
3. Digital twins and simulation; 
4. Data transmission, storage and analysis technologies; 
5. Artificial Intelligence; 
6. Technologies for energy efficiency, renewables, storage and autonomy. 

In future scenario, further benefits of Industry 5.0 include attraction and retention 
of talents, energy savings and increased general resilience of industry. In particular, 
in the long-term, industrial competitiveness will be achieved, while in the shorter 
term coordinated investments in Industry 5.0 are required. The impact of digital 
technologies on the workforce of the future (BEYOND 4.0 2022) has been anal-
ysed (Kohlgrüber 2021). The project BEYOND 4.0 (Inclusive Futures for Europe 
BEYOND the impacts of Industrie 4.0 and Digital Disruption) analyses the impact of 
the new technologies on the future of jobs, business models and welfare. Its current 
achieved results are:
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. expectable skill gaps: basic digital skills are needed in 90% of all jobs, as only 
58% of individuals in the EU possess them;

. the impact on skill shortages for the digital future depends on the responsiveness 
of different national VET systems;

. the roles of education and training providers, but also of employers is fundamental 
to fill vacancies. 

These results from BEYOND 4.0 project can be useful to:

. combine professional skills and digital skills at sectoral level;

. train digital and transversal skills by employers, if not provided by VET systems;

. achieve a strong collaboration among relevant actors at a regional level;

. providing job opportunities for female and older workers, migrants for mitigating 
skill shortages. 

Improving working conditions in the steel sector is a crucial topic. On this subject, 
in a current project (WISEST 2021) advanced tools, based on enabling technologies 
application both to steelmaking processes and people, were developed, by consid-
ering interactions for assessing the whole system and for improving working condi-
tions and safety. In addition, ergonomics problems due to human–computer inter-
action, especially for the ageing workforce, were recently addressed (Optimasteel 
2021) by analysing advanced technological solutions with holistic systems. In partic-
ular, the ageing workforce and their difficulties in using the new technologies reverse 
mentoring, from young to old, particularly for the training on digital skills, is recom-
mended (SpA CSM et al. 2020). This is an exchange in knowledge between workers 
being the mentorship usually more focused on the training of the young workers by 
the older ones (e.g. elder people share their experience, young people their digital 
skills). 

Future research from the social innovation perspective should be mainly focused 
on the following topics (Howaldt et al. 2021):

. regional, cultural and social context of social innovation;

. possible and favourable outcomes and impacts of new practices, from improving 
living and working conditions of disadvantaged social groups to enhancing 
favourable social change;

. relationship to technological and business innovation in processes (e.g. the ‘socio-
digital transformation’, the socio-ecological transition, etc.);

. As impacts in the long-term on existing practices and institutions have hardly 
been examined so far, a specific focus should be set on the ambivalence of social 
innovations. 

In the next few years, the steel industry will face a deep transformation including 
a transition phase, which can increase employment by 2050, but, in a second phase 
might be characterised by a reduction of workforce, mainly due to the resizing of the 
plants and leaner processes (Antonazzo et al. 2021). Therefore, it is fundamental to
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anticipate changes, in particular on skills development. Planning ahead and strength-
ening social dialogue are crucial to ensure a good industrial transition. For this reason, 
some actions need to be taken:

. Securing talents by investing more resources in training, and including workers 
in the decision-making process;

. Training needs to address transversal skills (e.g. advanced digital skills, 
entrepreneurship, sustainable development and analytical thinking) for the green 
transition;

. Support of governments to a green and just transition;

. More engagement and collaboration with universities and research networks;

. Investing more resources in training on environmental awareness;

. Enhancing social dialogue, both at the company and at sectoral level;

. Establishing channels for workers to report their training needs and concerns 
concerning possible lack of skills;

. Anticipating changes both at the government and at company level, also involving 
regional authorities. 

5 Conclusions 

This chapter presents the analysis of the impact of digital technologies on the work-
force as well as the technological transformation and the EU climate objectives in 
the context of the European steel sector. The main developments funded by EU 
Research Programs achieved in the above fields as well as of the current literature 
were analysed. In particular, the chapter concerns the digital transformation as key 
enabler impacting on advanced manufacturing by increasing production efficiency 
and reducing the environmental impacts of the European steel sector. On the other 
hand, it is focused on how application of the digital technologies on the steel produc-
tion processes can provide advanced tools for the optimisation of the whole produc-
tion chain as well as specific technologies for low-carbon production. In addition, 
in the context of the technological transformation, the social innovation supported 
by digital technologies is analysed as key aspect not only improving working condi-
tions and competencies, and creating qualified jobs, but also facilitating knowledge 
sharing, cooperative work and networking. 

New digital technologies aim at optimising the entire production chain of the 
steel sector to improve the flexibility and the reliability of its production processes, 
to maximise the yield and to improve the product quality and the maintenance activ-
ities. In addition, they aim at improving energy efficiency and at monitoring and 
controlling environmental impacts of processes. This can be achieved through the 
application of new IT, automation and optimisation technologies, Predictive Main-
tenance, ML, Data Mining techniques and Knowledge Management and by the inte-
gration of all systems and productions units, through different processes including 
vertical, horizontal, life-cycle and transversal integrations.
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Based on an interdisciplinary approach, development and implementation 
of sustainable technologies include key enabling technologies and sustainable 
processes, supply chains and networks that promote higher efficiency, waste reduc-
tion, closed loops and eco-design. Consequently, the transformation of society from 
a linear to a circular economy will require changes in many areas of society, such as 
business, education, finance, politics, legislation, etc. 

In order to achieve the industry resilience, future research will be focused on 
innovative techniques, such as more modular production lines, remotely operated 
factories, use of new materials and real-time risk monitoring and management. In 
this context, digital technologies will enable resilient technologies, such as data 
gathering, automated risk analysis and automated mitigation measures, although 
this could produce industrial technical disruptions. 

Furthermore, digital transformation and climate objectives represent the main 
drivers for increasing energy and resource efficiency and contribute to keeping mate-
rials in use for a longer time. A further support for the industrial digital transformation 
and CE can be provided by exploiting synergies between the different EU initiatives. 
In last few decades, new relationships between environment and industrial compet-
itiveness have been mainly based on innovation-based solutions to achieve both 
environmental protection and industrial competitiveness. To this aim, policies and 
legislation represent drivers for companies to adopt measures and solutions for facili-
tating innovation. However, some specific regulations and policies, although encour-
aging the implementation of innovative measures in process industries, can also limit 
them. Therefore, it is important to have legislation and policies clear, consistent, and 
less bureaucratic, as well as economic incentives to overcome disadvantages for EU 
companies. On the other hand, the increasingly stringent environmental legislation 
represents a driving factor for the steel sector to implement digital technologies for 
coping energy demand, improving energy efficiency and adopting low-carbon energy 
systems. The transformation of processes through digital technologies (e.g., through 
the adoption of high-performance components, machines and robots to optimise the 
materials and energy consumptions) can help to significantly reduce emissions and 
improve resources efficiency, by optimising materials and energy consumptions. 

However, the workforce has to be integrated in such processes. The EU Industry 
5.0 approach is therefore not only highlighting a sustainable and resilient industry 
but the human-centric orientation, developing technology for the people and solution 
to societal challenges. New skills requirements, due to the possible impact of AI, are 
an example as well as advantages for both workers and companies, by attracting and 
retaining talented people, with consequent benefits for companies’ competitiveness. 
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Robotic Systems in the European Steel 
Industry: State-of-Art and Use Cases 

Marco Vannucci , Ruben Matino , Maria Maddalena Murri, 
Roberto Piancaldini , Antonius Johannes Schröder , and Dean Stroud 

1 Introduction 

In recent years, industry in general, and the steel sector more specifically, are at the 
centre of a series of technical, social and economic changes under the flag of Industry 
4.0 (Miśkiewicz and Wolniak 2020). Most of these changes involve the digitalisa-
tion of processes and products at different levels, possibly including the adoption 
of advanced Big Data and/or Artificial Intelligence-based tools, which can provide 
significant advantages in terms of productivity and socio-economic and environ-
mental sustainability of steel production, with relevant benefits for workers’ health 
and safety (Colla 2022; Brandenburger et al. 2016; Branca et al. 2020; Vannucci et al. 
2022; Colla et al. 2021a, b). However, for the complete integration of such technolo-
gies in the plant ecosystem and for a successful exploitation of new tools, some 
effort is required for managers and workers to update their skills and broadening 
their expertise (Branca et al. 2022). 

In this context, robotics is one of the most promising technologies to be applied 
on the steelworks, characterised by the potential to improve both the productivity of 
plants and the safety conditions of the workers. In addition, robots’ versatility allows 
their employees’ involvement in diverse tasks that leverage their different character-
istics. According to an estimation by The Boston Consulting Group (Ringel et al.
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2015), the greater use of robotics and computerisation will reduce the number of jobs 
in assembly and production, but the creation of new jobs, particularly in IT and data 
science, will increase. The ‘Re-finding Industry Report’ of the European Commis-
sion, it is stated that over 1.5 million net new jobs in industry have been created since 
2013 and a growth of labour productivity of 2.7% per year on average since 2009, 
higher than both the United States and Korea (0.7% and 2.3% respectively). 

Robots are already used to perform specific tasks at various stages of the produc-
tion pipeline. Many of them are part of manufacturing and assembly lines and operate 
in clearly defined areas. Conventionally, they are fixed to plant installations and 
perform recurring work to increase repeatability and product quality or operations 
that require the application of force or precision that are out of the human capabil-
ities. Robots are tasked with performing operations that are potentially dangerous 
to humans because of, for example, the environment in which such operations take 
place or the inherent risks of the operation to be performed. Such situations are 
very common in the steel production and using robots can help preserve the safety of 
workers. In these latter applications, the tough environment of the steel plant featuring 
high temperatures, dust, steam, and aggressive agents represents for industrial robots 
both an opportunity and an obstacle, requiring the use of special arrangement to 
survive and perform flawlessly the assigned tasks in a harsh environment. 

In the last decade, besides these stationary robots that have been used in the 
industrial setting for many years, the breakthrough evolution of technologies related 
to artificial intelligence (AI) has enabled the development of a new generation of 
mobile robots, capable of performing monitoring and inspection tasks by moving 
autonomously within the steel plant. This class of robots includes both ground 
vehicles (Unmanned Ground Vehicles—UGVs) and aerial ones, typically drones 
(Unmanned Aerial Vehicles—UAVs). In this context, there is potential for UGVs 
and UAVs to find countless applications by replacing humans in monitoring opera-
tions, reducing health risks and the number of accidents. Monitoring in these cases is 
a popular task. It can be related to product quality, abating the time of such activity, 
which is often determined by the difficulties of moving within the plant or reaching 
machinery or parts of it. In addition, when linked to maintenance activities, such 
operations will reduce plant shutdowns and increase safety and plant throughput. 

In this chapter, the state-of-the art regarding the application of stationary and 
mobile robotic systems in the steel sector is evaluated through an analysis of the 
relevant literature and projects in the European arena that exploit these technologies 
in the steelmaking environment by referring to two specific case studies for the 
identified macro-types of industrial robots. This paper highlights the opportunities, 
issues and challenges behind the use of robots in the steel sector, focusing not only 
on technical aspects but also on the human–robot interaction and on the changes 
requested to managers and operators to fully exploit these new technologies. 

The paper is organised as follows: in Sect. 2 a survey of the main application of 
robots in steel production is presented through an analysis of the literature on the 
state-of-art and the main research projects for both stationary and mobile robots. In 
Sect. 3, two use cases of successful research projects where such technologies are 
exploited in real industrial contexts are presented and discussed. Finally, in Sect. 4,
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some final remarks on this theme are provided together with the future perspective 
about the interaction between humans and robots in the steel plants. 

2 Use of Robotic Systems in the European Steel Industry 

Robots appeared in steelworks at the end of last century. In these early applications 
they were stationary robots, typically mechanical arms, to which repetitive and well-
defined tasks are assigned. Later, the development of technologies and the spread to 
other sectors of industry brought increasingly complex robots with a greater degree 
of autonomy to the steel industry as well. Recent years have seen a greater use of 
mobile robots with varying levels of autonomy not only for performing a specific 
task, but also in terms of freedom of movement within the plant. In this section, a 
review of the state-of-art regarding the use of robots in the steel industry is presented 
through an analysis of literature and projects in which they are involved. Given the 
two macro families of robots, this analysis is divided into two sub-sections, the first 
for stationary robots and the other for unmanned robots, both ground and aerial. 

Use of Robotic Arms in the Steel Industry 

Stationary robots have found wide use in the steel industry to replace human operators 
in dangerous work or to be performed in unsafe or unreachable locations. Part of 
this family is constituted by robotic arms with a variable number of degrees-of-
freedom (DOF) (typically 6) and complexity, equipped with different end-effectors 
and different level of autonomy, depending on the characteristics of the task and on 
their complexity. In most of the applications the task to be pursued by robots is clearly 
defined and their autonomy in terms of control strategy is limited to the task and takes 
advantage from other sensory systems or sources of information (Gerstorfer et al. 
2018). 

In the light of this consideration, many applications of robots in steelmaking are 
related to the casting process where their use can reduce human operators’ exposure 
to high temperatures or to the contact with liquid steel. An exemplar application 
of a robotic system equipped with a single multi-purpose manipulator demonstrates 
how different operations can be performed on the casting floor dramatically limiting 
the human intervention (Demetika et al. 2014). The main functionalities of this 
system include the identification and opening of ladle nozzles, shroud manipulation 
and tundish powder management, resulting not only in a safer operation for human 
operators, but in a better quality of the cast product as well. Another application 
exploits a six DOF robotic system with an integrated vision system for inspection 
purposes. In this latter work, the performance of the developed robot is analysed 
throughout several months of standard production both from the technical point of 
view and according to the user-experience (Hansert et al. 2016). The centrality of
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robots in the casting process is demonstrated in several review papers (Meisel et al. 
2014). 

Robots are used also for liquid steel sampling at different stages of the steel 
manufacturing chain. A 3 DOF robot, in which all three joints move in revolute 
form, is used to sample liquid steel from the electric arc furnace (EAF)—a task that 
would be very hard for human operators, considering the sensitive conditions around 
the EAF (Soltani 2010). In a similar application, the robot can be supported by a 
vision system to measure the steel temperature in a ladle during the casting process 
at different moments of the casting (Bian et al. 2022). 

Robots in steel plants are used also for performing tasks that are unfeasible for 
human operators such as material movement and transportation. For instance, a 
gripper for steel transportation is used which can move within the plant different 
types and sizes of steel materials using an advanced multi-purpose gripping-hand 
that adapts to the different shapes of the handled material (Biermann et al. 2022). 
Further, a two-arms 6 DOF robot is used for the steel-strapping process of coils. Using 
this kind of robot—apart from the clear advantages in terms of safety—allows the 
handling of coils of different dimension abating the processing time and speeding-up 
the whole manufacturing process and improves the user-experience because of its 
flexibility (Lee et al. 2012). 

Recent trends identify human–robot collaboration as a very promising technolog-
ical field of development for industrial applications, and steelmaking in particular. 
The advantage of this approach is clear and is based on the exploitation of the strengths 
of human operators and robotic systems, avoiding their respective limitations. In this 
paradigm, the robustness of robots is utilised, avoiding human exposure to risks and 
potentially dangerous situations. The robots’ precision, speed and ability to repeat 
well-defined operations will also be exploited. On the other hand, the knowledge 
peculiar to experienced human operators will be used to control the robots and take 
decisions in a real-time manner together with the ability to adapt to new situations. 

Although systems based on human–robot interaction have been already imple-
mented in different industrial fields (Dannapfel et al. 2018; Gopinath et al. 2021) 
with successful results, not only from the technical point of view but from the social 
one as well, reaching a high level of acceptability, applications of such approach in 
the steel sector are not yet familiar. In this context, it is worth mentioning the semi-
automatic cooperative robot designed to assist the building of the steel converter 
wall proposed in Ryu et al. (2012). The robotic system can transport and position 
refractory bricks in cooperation with a human operator understanding the human 
operators’ intention through a force/torque sensor. The interaction in this case avoids 
for operators any fatigue from movement of the bricks, which can lead to painful 
musculoskeletal diseases and grants the required precision for the bricks correct 
positioning. In addition, refractory brick construction becomes standardised so that 
it reduces the manpower and hours currently took in the same processes.
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Unmanned Ground and Aerial Vehicles 

In recent years, steel plants have proved to be an interesting field of application for 
the use of unmanned robots, particularly for tasks concerning product quality control 
and process monitoring—including structural inspection—of the plant. Such tasks, 
given the high productivity that is required, are essential to promptly identify eventual 
machine failures and ensure the continuous operation of plants and the maintenance 
of safe conditions for operators, as well as a high level of product quality. Using 
autonomous robots, which can move with certain freedom within the plant, reduces 
the time and cost of inspections, which, in this case, do not require actual plant 
downtime. In addition, most times, such robots have dimensions and movement 
capabilities that allow them to reach areas that are difficult for human operators to 
explore or that pose inherent risks due to, for example, height or high temperatures. 

Navigation systems make use of a heterogeneous sensor and leverage cameras, 
GPS data, LIDAR sensors (Bachrach et al. 2012). In addition, in the presence of more 
than one robot, such data and information are shared and progressively refined to 
have at a global level a clear picture of the environment in which they move. Vision 
systems have made great strides for object recognition because of the advancement 
of Deep Learning and in particular of Deep Neural Networks (DNN) for object 
recognition purposes (Ahmad and Rahimi 2022). This technology allows robots to 
promptly and efficiently analyse the scene as it is taken by the camera identifying 
the position and the type of all the objects in the environment. Finally, in the last 
years, several breakthrough algorithms have been developed to improve the trajectory 
planning capabilities of UAVs and UGVs. These algorithms are designed to work 
flawlessly on controllers with limited computational and power resources and often 
deployed on optimised firmware that allows the full exploitation of their capabilities 
(Herrera-Alarcón et al. 2022). 

The above-described technological advancements led to the deployment of UAVs 
and UGVs in many practical applications and to a blooming of literature works that 
discuss their achievements and issues. The steel industry has many characteristics 
that make it appropriate for the use of unmanned vehicles. 

First applications of drones and ground unmanned vehicles were related to agri-
cultural applications because of the greater simplicity of the context (larger environ-
ments, fewer obstacles) (Turner 2010). The monitoring capabilities of drones were 
exploited for checking gas pipes status (Rathlev et al. 2012) and for the assessment 
of the integrity of a photovoltaic field in through a swarm of UAVs (Grimaccia et al. 
2015), highlighting the aspects of collaboration among swarm drones and on the 
determination of suitable path planning strategies. Unmanned vehicles are used for 
the distribution of light parts (small tools) to human operators in an industrial manu-
facturing chain (Orgeira-Crespo et al. 2020). Structural assessment is the main topic 
of several literature works. For instance, UAVs are used to detect defects and the 
health status of steel structures through an integrated image analysis system. That 
work focuses on the predictive maintenance of the structures and the results show this
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approach is the best cost-effective and time-compressing solution for this purpose 
(Chen et al. 2019). 

While the literature on the use of unmanned vehicles in the steel industry is 
still sparse, there is an emerging array of projects in which the technology is being 
profitably adopted. In the recent EU-RFCS project DroMoSPlan, drones are used 
for monitoring different parts of the plant and processes related to steelmaking. 
DroMoSPlan is described more in detail in section “The DroMoSPlan Project” as  
an exemplar application of UAVs in the steel production. In another RFCS project, 
RoboHarsh, both UAVs and UGVs are used for different inspection tasks within 
a steel plant. In this project, the tasks pursued by different unmanned vehicles are 
deeply integrated with the maintenance strategies of the plant where drones and 
ground vehicles are assigned to complete periodic and continuous inspection tasks 
assessing process status and phases, product quality and safety issues within the 
plant. 

3 Use Cases 

In this section, two EU projects are presented as use cases where robotics systems 
are used in specific industrial applications. The aim is to put into evidence their 
achievements and an analysis of their impact from the technical and social point 
of view. The two projects involve respectively the two classes of robots previously 
identified, namely the stationary and the unmanned ones (basically UAVs and UGVs). 

The RoboHarsh Project 

The RoboHarsh project is an EU-RFCS funded project that perfectly highlights the 
benefits of using a robotic system in a harsh environment like a steel shop (Colla 
et al. 2021a; b), and the advantages conveyed by the involvement of the end-users in 
the early stages of the design of the robotic solution, according to a social innovation 
model (Colla et al. 2017). 

The solution developed in this project consistently reduces the need for human 
intervention in laborious works, and thus limits related health and safety risks. In 
particular, RoboHarsh addresses the problem of the maintenance of the ladle sliding 
gate during the continuous casting process. In this context, the ladle is a container 
where liquid steel is refined to obtain the desired chemical and physical charac-
teristics. More in detail, the freshly produced pig iron undergoes a decarburisation 
process before the next manufacturing phases. Subsequently, the ladle is used for the 
transport of the steel to the continuous casting machine. At this point, liquid steel 
flows through a tap hole from the ladle to the mould and the casting station, where 
it solidifies into semi-finished products as billets or blooms.
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The flow of liquid steel is regulated by a sliding gate on the ladle bottom, which is 
operated by a hydraulic cylinder. During the process, because of the solidification of 
the steel, the gate is subjected to wear and deposition of solid material, which makes 
necessary some periodic maintenance on the sliding gate. During maintenance, the 
ladle is transferred to a dedicated area where some skilled operators analyse the gate 
surface, clean it and eventually replace the refractory components. Cleaning requires 
the use of an oxygen lance and is usually performed by two operators, who assess 
the wear status of the refractory. Based on this visual analysis, operators decide 
whether to substitute the two refractory plates. Normally, this operation occurs after 
a few subsequent casts, e.g. 5 or 6. Plates replacements include the positioning of 
the new plates into the suitable location with high precision (some millimetres) and 
the application of an adhesive mortar layer to ensure a perfect fit. 

This operation takes about 30 min and exposes operators to a temperature around 
70 °C. In addition, it requires the use of force from the operators since the weight of 
each plate is about 20 kg. Overall, this whole task is quite complex since it requires 
both strength, precision (for plates placement) and experience for the assessment 
of the wear status of the sliding gate. In this framework a robotic system could be 
helpful for the completion of most cumbersome operations and for those that involve 
higher risks for human operators due to their exposure to harsh conditions and high 
temperatures. On the other hand, human operators are still necessary for operations 
that need precision and decision capabilities. The context is thus suitable for a coop-
erative human–robot environment where each agent (human or robotic) is on duty 
for the task that it can perform best. Based on this consideration, the maintenance 
operation was subdivided by technicians and plant personnel into elementary oper-
ations that were assigned to human operators or to the robotic system as depicted in 
Table 1.

The operations listed above are pursued on the original maintenance station that 
was adapted to the use of a robot in cooperation with human operators. This adaption 
process, as well as the selection of the hardware components, was performed by plant 
operators and technicians in order to consider all the relevant aspects of the design 
and implementation. Environmental factors, including plant conditions in terms of 
temperatures, dusts and operator safety and wellness, were also accounted. 

The main robotic part of the system is made up of an industrial ABB robotic arm 
with foundry protection with a 6 DOF manipulator having the handling capacity 
of 245 kg. The maintenance platform was slightly modified to host the robot arm 
and grant operators’ safety. Some changes to improve operators’ working conditions 
were performed also outside of the maintenance platform by using conveyor belts for 
the transportation of the refractory plates to the area and the handling of the oxygen 
lance. The workstation is depicted in Fig. 1.

The pulpit of the workstation is hosted in an air-conditioned container. All the 
main operations related to the movement of the ladle and the gathering of refractory 
can be pursued by the operators from inside the container. In addition, through a 
window, operators can perform some operations, such as applying the mortar on the 
plates, without exiting the container and exposing to risks or harsh conditions.
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Table 1 Sequence of operations to be pursued during a maintenance cycle associate to the operation 
mode (automatic or manual) 

Mode Operations 

Automatic – Picking and replacement of the mobile plate 
– Removal of fixed plate 
– Inspection of size and contour of the discharger hole to decide if replacement is 
necessary through robot vision system 

– Refractory removal 

Manual – Air cleaning of refractory nozzle 

Automatic – Verification of the cleanliness of the nozzle location through robot vision system 
– Picking and insertion of the mobile plate 
– Picking of new refractory nozzle 

Manual – Application of mortar layer on the discharger 

Automatic – Insertion of the new refractory nozzle 
– Verification of planarity 
– Graphite spraying on nozzle head 

Manual – Application of mortar layer on fixed plate 

Automatic – Location of the fixed plate on the sliding gate 

Manual – Closure of the sliding gate 

Automatic – Movement of the platform away from the ladle 
– Check the cleanliness of the tapping hole through a buffer tube 

Manual – Disconnection of hydraulic hoses; connection of the piston blocking the ladle 
rotation system 

Automatic – Ladle movement and rotation 
– Ladle unlocking and removal

Fig. 1 The RoboHarsh workstation including a detail of the robotic arm in operation
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Fig. 2 The tool warehouse of the RoboHarsh workstation 

During the maintenance cycle, the robot exploits different tools that are placed 
in an ad-hoc designed warehouse (see Fig. 2) and are used by the robot to handle 
the oxygen lance, to remove the material residues from the nozzle and to spray the 
graphite on the discharger head. Therefore, depending on the specific operation, 
which is being performed, and has been previously acknowledged by the operator, 
the robot picks, uses and releases the necessary tool(s). 

The robot leverages a vision system for inspection operations throughout different 
steps of the maintenance cycle. The vision system is encapsulated in a single protec-
tive container which incorporates a 2D vision camera IDS UI-5270CP-M-GL (P/ 
N: AB02037) (1/1.8'' 3.45 µm 2056 × 1542 Pixel) and a 3D laser scanner. The 
vision system communicates to the plant information system through a WiFi network, 
which allows a satisfactory band and avoids cables. The camera and 3D laser operate 
together, in particular the laser enriches the image provided by the camera with a 3D 
cloud of points. Both the image and the 3D cloud are pre-processed and denoised by 
using a suitably customised commercial software. 3D points are clustered by using a 
distance-based algorithm to identify the different basic elements of the sliding gate 
and allow the robot arm to operate. 

A lot of attention was paid to the design and development of the Human–Machine-
Interface (HMI) (see some screenshots in Fig. 3) to provide a smooth yet full expe-
rience to the operators. Through the HMI the operators can set-up the maintenance 
cycle in detail and monitor all the operations. Different cameras provide a set of 
images of the whole maintenance area on different screens and some additional 
screens show the main information provided by the robot during its operation. Oper-
ators interact with the robot through the touch screen that, for instance, allows to ask 
for more detailed information on certain tasks.

During maintenance, the robot is mostly autonomous but asks for acknowledge-
ments to perform specific operations, such as the replacement of the refractory. 
Similarly, a complete view of the sliding gate is provided to operators by the camera
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Fig. 3 Exemplar screenshots of the HMI of the RoboHarsh workstation

mounted on the robot, nevertheless operators can decide to manually inspect the area, 
stopping any robot activity and taking the control. 

Within the RoboHarsh project, the achievements of the installation of the 
described robotic system within a real steel plant were assessed in a twofold manner: 
from a technical point of view, by measuring the success rate of robot operations, 
and from the point of view of the impact on workers safety and acceptance. From the 
technical side, the operations minutely described in Table 1 and assigned to the robot 
have been grouped into macro-tasks and the success rate of each of them was calcu-
lated as the ratio between the number of operations totally completed by the robot and 
the overall number of attempted operations. The system was tested during one year 
of standard production. Moreover, other performance indicators were accounted: 

• the difference in terms of completion time between the fully manual and the fully 
automated operation, 

• the per cent reduction of exposure of human operators to harsh conditions. 

The assessment of the social impact of the developed robotic station was made 
by means of a survey and interviews targeting both the solution developers and 
the operators of the steelworks. The survey aims at assessing the health, cultural 
and motivational changes due to the technological enhancement of the maintenance 
process. 

The success rate of the robot macro-operations is reported in Table 2. According 
to the HMI set-up, in case of partial or total unsuccessful completion of the operation 
by the robot, the operator can complete manually the task. This is an important aspect 
of the human–robot interaction, ensuring the quality of the performance and showing 
that human intervention has to be an integrated part of new technological solutions. 
In this light, the results presented in Table 2 have to be considered as the worst case, 
since only the full completion of the task by the robot is considered successful while, 
on many occasions, the robot was able to perform part of the job, reducing the effort 
required to the human operators.
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Table 2 Success rate for the 
automated task within the  
RoboHarsh project use case 
(Colla et al. 2021a, b) 

Robot task Success rate (%) 

Tap hole opening 93 

Tap hole cleaning 50 

Removal of the mobile plate 99 

Removal of the fixed plate 99 

Inspection with the vision tool 90 

Insertion of the mobile plate 98 

Insertion of the fixed plate 98 

Extraction of the nozzle 95 

Insertion of the nozzle 95 

Graphite application 80 

In terms of maintenance cycle completion, the use of the robot slightly extended 
the task duration since the interaction with the machine brought in some latencies. 
However, such time difference is about 5 min which is considered tolerable. On the 
other hand, the use of the robot drastically reduced the exposure of operators to high 
temperatures. In fact, in case of successful completion of all the automatic tasks, 
such exposure time is reduced by 80% while in the worst case by 50%. 

The project was successful from the social point of view as well. One of the main 
outcomes of the survey is that all participants agree on the fact that robotic assistance 
increases health and safety by reducing physical and heavy weight activities, expo-
sure to high temperatures, and hazardous situations. In detail, the exposure to such 
conditions is perceived to decrease from 67 to 25% during the task. In addition, the 
system is acknowledged to make the job more interesting and to increase the level 
of the workers’ satisfaction. 

The DroMoSPlan Project 

The DroMoSPlan project is another RFCS-EU project where robots are used within a 
steel plant environment. In this case, it focuses on unmanned aerial vehicles (drones) 
and ground charging vehicles to support the drones during certain activities. The 
project was significant since it allowed an assessment of the applicability of such tech-
nology in a harsh environment, where UAVs and UGVs have to complete complex 
tasks and face diverse issues. Drones are basically used for monitoring purposes. 
The potential advantages in using drones in this context are many and include the 
ability to easily and quickly reach distant zones of the plant, to inspect areas that 
cannot be reached or are dangerous to humans (e.g. due to height or high tempera-
tures or harmful emissions). In addition, the use of robots may allow such tasks to 
be performed more frequently than it would normally be done by human operators.
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Within the project, 5 different use cases were identified and addressed. These 
tasks were developed and tested at the different partners sites and are related to the 
following areas: 

• maintenance: with a task pursuing the inspection of plant buildings’ (1) roofs and 
(2) chimneys, 

• environment: through a system for the (3) monitoring and (4) detection of chemical 
leaks, 

• safety: through a (5) video surveillance system based on the use of drones.1 

During the project, particular attention was put in the design of the drones in 
terms of hardware robustness in order to resist the steel-works harsh conditions. 
Drones are provided with a communication system that allows them to share infor-
mation with operators, ground components and among them. The UAVs are equipped 
with Pixhawk flight controllers that currently represent the state-of-the-art among 
open-source autonomous vehicles control systems and can be used for both UAVs 
and UGVs. The Pixhawk can be expanded and connected to other sub-systems 
for the wireless communication. In particular, in this case the SiK radio module 
was selected which provides a wi-fi serial interface commonly used for the trans-
mission of telemetry and commands between a vehicle and a ground station. The 
message exchange between vehicles includes information such as position with 
respect to a fixed reference system, velocity and acceleration, battery status and 
is used for coordination purposes. Besides standard equipment, the diversity of the 
addressed tasks requires the employ of different sensors (e.g. CO detectors, cameras, 
thermo-cameras) which are eventually mounted on the drones. 

On the operator’s side, missions are created and monitored through a ‘mission 
management’ software that operates through a web interface and allows operators to 
plan each mission step by step, monitor in a real time manner its execution and collect 
any relevant data during the tests for future analysis. The main algorithms for mission 
monitoring and drone control are developed and embedded in the vehicle architec-
ture through an open-source software (ROS—Robot Operating System, platforms 
libraries) and the Pixhawk flight controller with firmware of Ardupilot. 

The problem of drone autonomy was considered and led to the development of 
two technologies to address the needs inherent to the distinct applications. Different 
technologies for recharge (contacts and wireless) and different solution for drone-
station synchronisation (stationary and mobile platform) have been developed. The 
stationary solution uses the landing platform as a recharge station (see Fig. 4). 
The drone, once landed, automatically recharges its batteries by mean of electrical 
contacts and without the need to remove them. During the landing phase, the drone 
can exploit an infrared beacon in the middle of the platform for precision landings 
on the platform.

An alternative solution to the stationary recharging station is represented by a 
mobile station that implements a wireless charging technology. This solution is

1 This use case was not pursued because of regulations pertaining to surveillance of workers at 
work. 
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Fig. 4 The drone positioned 
in the stationary recharge 
station

supported by the communication between drone and station in order to synchronise 
the landing point when the drone battery level is getting low. With this synchroni-
sation, the recharging process can take place in a wide area of the mission scenario 
thanks to the mobility of the station. The mobile charging station is constituted by 
a UGV that comprises the charging box. The wireless charging system is made of 
two coils: a transmitting coil, mounted on the autonomous rover and a receiving coil 
mounted on a landing skid of the UAV. 

Several use cases were selected in order to demonstrate the effectiveness and 
feasibility of drones employed for monitoring tasks in steel plants. For this reason, 
the applications are varied and have distinctive characteristics and diverse issues. 
Use cases with main achievements and critical points are briefly described in the 
following. 

Plant Surveillance 

This use case concerns the use of one or more drones for the purpose of surveying 
specific areas of the plant, but was not tested because of regulations pertaining to 
surveillance of workers at work. The proposed task of the drone in this case was to 
move within a specific area and detect the presence of unauthorised persons. If so, it 
raises an alert to the attention of the security staff. While the system was not tested, 
the theoretical approach can be reported. 

The mission was to take place by patrol flights at random time intervals within 
the area of interest. In Fig. 5 an exemplar patrol path is represented, together with the 
location of the charging base for the drone. During the patrol, the drone reaches in 
sequence a set of pre-defined waypoints suitably located by operators to monitor the 
area and minimise the risks of collisions with building and cables within the plant. 
Waypoints are specified via their absolute coordinates while planning the mission 
with the previously described software component. When a new waypoint is reached, 
the drone rotates 360° on itself to check for the presence of intruders. When no person
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Fig. 5 Exemplar patrol path 
for the surveillance use case 

is detected, it heads to the next point. Between two flights, the drone reaches its base 
point where it is recharged. 

For this use case, the drone is equipped with an infrared camera whose images are 
processed by an object recognition algorithm seeking humans. The algorithm used 
is the well known YOLO and is based on a Deep Neural Network. In case of alarm, 
security employees are informed and, depending on the images they receive from 
the UAV, they can decide which steps to take next. 

Gas Pipes Inspection 

Within this task a single drone is used to check for the presence of CO leaks around 
the gas pipes of the steel plant. The task involves a human operator that brings the 
drone to the starting position for the inspection and supports the complete phase of 
the inspection in compliance with the EU regulations that do not permit completely 
autonomous UAVs operations. 

The drone is equipped with a CO sensor whose positioning on the vehicle was 
carefully determined during laboratory tests. With a constant flow rate of CO through 
a small opening, the landing gear beneath one of the rotors turned out to be the most 
efficient because of the redirected airstream. Since the gas pipes network extends 
throughout a large area of the plant, is distributed through different levels and due to 
the presence of structures, curves and other obstacles, a purely visual approach was 
developed for pipes recognition and tracking to favour the exploration and check of 
the pipes. These latter operations are performed via a customised segmentation algo-
rithm. Then, once the pipe is detected, the drone moves along it at a constant distance 
(obstacles permitting). In the ROS platform a dedicated algorithm customised to 
image processing is devoted to gas pipe recognition. Additionally, increased func-
tionality was implemented, such as distance measurement and localisation of the 
pipe segments. CO measurement is permanently active and warns the operators in 
case of exceeding threshold value.
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Fig. 6 Graphical user interface for the CO leak gas pipes inspection use case 

In this task the operator controls the drone (EU and workplace regulations make 
this mandatory). For this purpose, a dedicated smartphone app—of which an exem-
plar screenshot is shown in Fig. 6—was developed to allow the operator to continu-
ously monitor the drone behaviour and the outcome of the segmentation algorithm 
to be sure that pipes are correctly detected. In case of CO detection, the UAV rises 
an alarm and signals it to the operator. 

Roofs Inspection and Defects Identification for Maintenance 

This use case is related to maintenance of building roofs within the steel plant. The 
evaluation of the condition of a roof concerns not only the current state of preservation 
and possible damage due to weather conditions, but also the estimation of ageing 
rate. Using a drone for this task has some advantages among which a significant 
reduction in risk as the human operator is prevented from climbing on top of the 
examined buildings and moving on top of them (Stroud and Weinel 2020; Stroud 
et al. 2021). In addition, a drone can perform such an examination from different 
distances so as to have a better view of the roof surface. 

Within the project, the experimental activity was performed on the surface of a 
roof of 500 square meters. During one mission, the drone flies above the roof and 
collects several pictures of it (90 pictures for the 500 m2 roof of the test) which 
are then reconstructed into a 2D image of the whole roof (orthophoto) by using 
the software WebOpenDroneMap, an open-source tool for generating maps, point 
clouds, terrain and 3D models from aerial images. A reconstruction performed by 
this tool is presented in Fig. 7.

Operators can examine this reconstructed photo; however, the visual inspection 
of a single picture requires time. For this reason, an automatic classification system 
was developed. The classifier processes individual tiles of equal size taken from the
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Fig. 7 Reconstruction of the 2D roof image from the individual images taken by the drone during 
its flight

Fig. 8 Tiles representation of an examined roof associate to status classification 

2D roof image. For the training of the system, a set of tiles was manually labelled 
according to 4 classes, reported in Fig. 8: Defect, No Defect, Edge of roof, No Roof . 
Further, in order to increase the number of training samples, data augmentation 
techniques, including tile flip, reverse, pan and rotation were adopted. 

The model used to perform the classification task is a Convolutional Neural 
Network (CNN) with 2 convolutional layers and 1 dense layer fully connected. The 
input was the 64 × 64 pixel sized tile, and the output is made up of 4 nodes, one for 
each class. The model reached 98% of correct classification, proving a satisfactory 
result. 

Technical and Social Assessment 

The developed approaches have been tested during the project both at the level of 
individual subtasks (e.g. obstacle avoidance algorithms, chemical sensors, classifi-
cation algorithms, landing) and at the level of the macro tasks (use cases, except use 
case 5) passing all the validation tests and achieving satisfactory results that for the 
most part support the adoption of such technologies within the steel plant, which was 
one of the main purposes of the DroMoSPlan project.
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This technology has some potential to be successful in terms of social impact 
and acceptability, but the productivity gains are questionable (Stroud and Weinel 
2020; Stroud et al. 2021). During the project, different interviews were conducted 
to assess the impact of the exploitation of unmanned vehicles technologies on staff 
in terms of potential benefits and risks to the person. The result of this survey shows 
that the use of drones is acknowledged to potentially reduce the risks associated 
with a range of work processes, such as accidents (falls or slips when working at 
heights indoors; intoxication/poisoning when inspecting gas pipes, etc.). Further, in 
some circumstances, drones are also considered as saving both time and costs as 
they allow for immediate access to remote areas that, without using drones, require 
special equipment. However, they also create a range of additional work and training 
needs, e.g. data analysis from the sensors, which may slow the analysis process and 
not lead to the anticipated gains. The risks of health and safety stemming from drone 
crashes in outdoor areas are perceived to be less likely and so overall improvement 
in health and safety should be realised (Stroud and Weinel 2020; Stroud et al. 2021). 

4 Conclusions 

The analysis of the contributions in the literature, the research projects and case 
studies described in this chapter, highlight how digital transformation is at the heart 
of changes in the European industry and the steel industry in particular. In this 
context, we see an increasing use of robotic systems due, among the others, to the 
development of supporting technologies such as AI and sensors. 

Robots are increasingly integrated into production pipelines and are in charge of 
tasks of growing complexity. The industry currently uses both standard stationary 
robots and mobile ones with a certain level of autonomy in the movement and oper-
ation. The first of the two approaches is the one still most commonly used. In such 
applications, the aim is to have robots do heavy or dangerous work or work that 
requires exposure to uncomfortable environments. New emerging technologies are 
also driving the use of unmanned vehicles such as UAVs and UGVs, which have 
the potential to be autonomous—should EU and workplace regulations permit—and 
expand the range of applications with monitoring activities at various levels that also 
cover aspects of quality control and maintenance. These applications can be the key 
to increased productivity, quality and cost containment, as evidenced by the results of 
many research projects. In this scenario, an emerging theme is that of human–robot 
collaboration to exploit the best capabilities of both: accuracy, reasoning ability on 
the one hand; strength, ability to repeat a task repeatedly, ability to operate in hostile 
environments, on the other hand. 

In the projects mentioned and case studies described, the use of robots has brought 
the potential for multiple benefits in terms of productivity especially in terms of safety 
and risk reduction. From a social point of view, the use of robotic systems is also a 
success: because the robot is seen not as a competitor but as a collaborator who can
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help decrease the fatigue load and risks to which operators are subjected—it was not 
foreseen that the robots would replace workers in their tasks. 

In the future, it is foreseeable that there will be considerable growth in using 
robotic systems, both stationary and mobile, in the steel context given the character-
istics of the plants and processes. This growth will be driven by the unstoppable devel-
opment of associated technologies and the increasing competitiveness of the steel 
market, which requires continuous technological improvements, without neglecting 
the necessary safety aspects. 
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Anna Mowbray 

1 Introduction1 

The UK steel industry supported 33,400 direct jobs in 2019, a number which has 
declined over time—there were over 320,000 jobs in the industry in 1971 (Hutton 
et al., 2021), yet the industry has remained of vital importance to the communities 
that depend on it. Steelmaking has roots in many regions across the UK: in Scotland, 
the Northeast, Wales, Yorkshire and the Humber, and the West Midlands. After years 
of under-investment, many sites have closed, especially those in Scotland and the 
Northeast, leaving their communities devastated. 

This chapter sets out the story of the steel trade union, Community in the UK, 
from its earliest history to the present day, with a particular focus on the present day 
and the challenges of net zero and decarbonisation. The UK steel industry has faced 
successive waves of industrial change, weathering political changes as governments 
changed between the Conservative and Labour parties, and global changes including 
wars, climate change and a changing industrial landscape. The lessons of the UK 
steel industry have implications for national policy (and wider lessons for the UK 
and Europe) and in particular the approach to and importance of just transition, and 
the need for coordinated action to support industries and communities.

1 I am grateful to Roy Rickhuss and Alasdair McDiarmid for their time in sharing their experiences 
of the steel industry. I would also like to thank Maya Ilany and Kate Dearden for fruitful discussions 
and comments that led to the completion of the chapter. 
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2 Early History 

To turn iron ore into useful products like food packaging, bridges, and hospital beds, it 
must be transformed by skilled application of heat, carefully controlling the ration of 
iron, carbon, and waste material. For the earliest steelworkers, without technology to 
heat iron to melting point, the challenge was to incorporate carbon into the wrought 
iron they had smelted to make a stronger material. Evidence suggests they could 
already do so in the late Iron Age, Roman and early Medieval times (Lang 2017: 863). 
It took until the eighteenth century to take the first steps towards the European steel 
industry as we know it today. First, much higher temperatures were reliably achieved 
through the use of coking coal and with this development the challenge was inverted: 
how to take high carbon pig iron2 and reduce the percentage of carbon. Advances3 

such as crucible steelmaking (Fabián 2018) gave greater precision over this balance, 
and allowed the creation of stronger and less brittle steel, with particular success in 
the city of Sheffield. A step change came in 1864 when the first Bessemer converter 
was used commercially, allowing steelworkers to inexpensively decarburize steel 
(the ‘Bessemer process’). These developments made industrial-scale blast furnace 
steelmaking possible from the middle of the nineteenth century. 

As the sector industrialised the nature of work in the industry shifted. No longer 
could an individual craftsperson (or group of craftspeople) set up for themselves 
because of the capital required (Pugh, 1951: 9). Whilst work in the steel industry 
remained skilled the transition led to new demands for workforce organisation 
(Evans, 1998: 155). In the nineteenth century, the UK steel industry was world-
leading, driving the industrial revolution. By 1875 the UK produced almost half of 
the world’s pig iron and 40% of the world’s steel (Coats, 2020, p. 35), much of it 
produced in the Yorkshire region. In this context, unions began to spring up, usually 
on a small scale. In 1842 an early unionist, John Kane, tried unsuccessfully to form a 
union of steelworkers (Pugh, 1951: 32). Kane was eventually to succeed at founding 
a trade union, the Amalgamated Malleable Ironworkers, 20 years later (Pugh, 1951: 
11). Early unions were small and specialised and tended to wax and wane as strikes 
or wage negotiations took place (Pugh, 1951: 11). It was these early unions that were 
later to become the Iron and Steel Trades Confederation (ISTC). 

Conditions in the early steel industry are described by Arthur Pugh where he 
reflects on his own first job in the industry in 1894, transferring an ingot from the 
furnace onto rollers: 

‘… if by accident one of the narrow wheels of the bogie happened to slip between two of the 
iron floor plates, there would be a sudden stop, the ingot would fly off the bogie, up would 
go the handle, and unless the man at the end was smart he would be taken off his feet. The

2 Pig iron is so named because traditionally the liquid metal was run out into moulds carved into the 
sand, with a long channel and ingots at right angles to it which resemble a sow nursing her piglets 
(T. S. Ashton, Iron and Steel in the Industrial Revolution, quoted in Pugh 1951, 7).  
3 In Europe—crucible steelmaking was known in India from around the 1st millennium AD (Lang, 
2017, p. 862). 
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thing to watch was when the handle came back or you might get a bang on the head which, 
in the most lucky event, would leave a painful impression’ (Pugh 1951: 17) 

He was paid 4 shillings 6d. a shift for this dangerous work4 (Pugh 1951: 17). For 
people working in such conditions (and with the constant risk of wage rollbacks) 
unionisation was a necessity. 

3 The Twentieth Century 

A key challenge for the movement as the twentieth century dawned was inter-union 
competition. Despite typically specialising to represent specific types of workers, 
unions were regularly in conflict. This drove a desire for unions in the industry 
to unify. The first step towards this goal came in 1912 when the Steel Smelters’ 
Union and the National Amalgamated Society of Enginemen, Cranemen, Boilermen, 
Firemen and Electrical Workers fused together (Pugh 1951: 21). Then, in 1916, the 
British Steel Smelters, Mill, Iron and Tinplate Workers, the Associated Iron and Steel 
Workers of Great Britain, and the National Steelworkers Association, Engineering 
and Labour League carried out successful ballots to join into a confederation, known 
as the Iron and Steel Trades Confederation (ISTC), now Community. 

The ISTC had an unusual structure whereby a central association, would exist in 
parallel to the founding unions. Requests for transfers to the central association were 
higher than anticipated, and new members—including those in roles that were not 
traditionally unionised, such as chemists—applied to join the union in significant 
numbers. By the end of December 1917, there were 49,166 members of the central 
association, of whom 26,808 were new members, and 22,358 had transferred (Pugh 
1951, p. 263). Despite this success, the ISTC did not succeed in attracting all the 
unions it had wanted to. The Blast-Furnacemen’s federation pulled out of talks in 
1916, and two other unions failed to secure the majority needed in the ballot. 

Meanwhile, the steel industry was stretched by the war effort, facing the imper-
ative to produce as much as possible. Output increased to 10,000,000 tonnes per 
year in 1918 (Pugh 1951, p. 264). The war also saw shortages of steelworkers as 
men were called up to the front and an increasing number of women entered into 
the workforce (Pugh 1951: 266). At that time trade unions were instrumental in 
improving conditions in the steel industry. A key example is the pathbreaking 1919 
‘Newcastle agreement’ which set out the principle of 8-hour shifts. The steel industry 
was unusual in that the higher paid men agreed to take a pay cut to meet the costs of 
the third shift being brought on board (Pugh 1951: 285). Debates about the 8-hour 
day continued throughout the 1920s, but though there were to be some rollbacks the 
principle was firmly established, and throughout its history the ISTC would continue 
to advocate for reasonable restrictions on working time (Upham 1997: 239). 

As the war ended, demand for steel was reduced. During the 1920s the union 
and the industry both struggled. The UK steel industry was facing stiff competition,

4 Worth approximately £18.46 in 2022s money. 
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not least because the reparations that Germany was required to pay under the Treaty 
of Versailles included providing coal for free to France and Belgium (Peace Treaty 
of Versailles 1919), whose steel industries became significantly more competitive. 
Though wages in the steel industry were rising from 1921, unemployment was high. 
Of £112,926 of expenditure by the central association, in the 12 months to December 
1920, £102,721 was unemployment benefit5 (Pugh 1951: 318). 

The ISTC participated in the 1926 national strike, in sympathy with locked 
out coalminers, perhaps reflecting that mining strikes hurt the coal-dependent steel 
industry. Though steelworkers felt a great deal of solidarity for the striking miners, 
the ISTC was critical of the leadership of the mineworkers’ union (Pugh 1951: 402– 
403). Government reaction to the strike was severe: the anti-trade union backlash 
culminated in the Trade Disputes and Trade Union Act of 1927 (Novitz 2007: 494), 
later described by a Labour MP as ‘a vindictive Act, and one of the most spiteful 
measures that was ever placed upon the Statute Book’ (HC Deb (1931) cols 347– 
348). The act outlawed secondary strikes, made it a criminal offence to participate 
in unlawful strikes and placed limits on political levies collected by unions. 

As the decade closed, the Labour government won a general election in 1929 and 
sought to rationalise the steel industry. An inquiry was carried out and a delegation 
visited France, Belgium, Luxembourg, Germany, and Czechoslovakia. The conclu-
sion was that ‘in general wages and conditions of employment were inferior in the 
countries visited’ (Pugh 1951: 456) but the committee sought to learn from best 
practice abroad. Before progress could be made with reorganisation, the pressures of 
the Great Depression caused the Government to collapse. A National Government, 
with representatives of all parties, was formed in its place and would remain in place 
until the outbreak of the Second World War. 

Economic conditions improved over the 1930s, in part due to Roosevelt’s New 
Deal Policies in the USA. In 1934 ISTC membership was up a little, from 41,946 
in 1931 to 54,540 (Pugh, 1951, p. 503) and a few years later in 1937 the steel 
industry appeared to be in good condition. However, even with relative prosperity, 
there were groups left out. In March 1937 an article in the steelworkers’ journal, Man 
and Metal, argued for the sharing of work in the tinplate trade, asserting that ‘every 
possible means of persuasion have been tried to make the men who are working 
in the fully occupied plants realise that the full employment they enjoy is only 
possible at the expense of their fellow Trade Unionists who are left derelict outside 
the closed works gates’ (Pugh, 1951, p. 505). Nevertheless, the spirit of partnership 
with industry for which the ISTC prided itself was demonstrated well in Sheffield 
in 1939, when the employer Firth-Vickers had visited the USA and been alarmed by 
the state of competition it would face in the stainless-steel industry. The employer 
called a meeting with union officials explaining what he had seen—it was reported 
that the union representatives offered ‘intelligent’ and ‘technical’ questions (Pugh, 
1951: 543).

5 In return for their membership fees at this time, trade unionists could expect to receive a form of 
rudimentary social insurance, with the union paying benefits such as sickness and accident benefits. 
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4  World  War II and  Beyond  

The steel boom of the 1930s was in part in response to the evidence of Germany’s 
re-arming and fears of war. Consumption of steel was rising, particularly special 
steels from Sheffield which were used for plane engines (Pugh 1951: 542). The 
ISTC had 97,476 members by the end of 1940, (still short of peak membership of 
124,000 in 1920) but certainly much improved on the depression years (Pugh 1951: 
546). When war broke out, the steel industry was classed as essential and protected 
by reserved occupations. Essential works orders prevented affected workers from 
changing occupation but did provide them with a guaranteed wage (Pugh 1951: 558). 
Man and Metal expressed support for this policy and hope for what the post-war era 
would bring: ‘the opportunities the post-war world will offer for social advance will 
be unique in the history of mankind’ (Pugh 1951: 558). 

By May 1942 confederation membership of the ISTC exceeded 115,500 (Pugh, 
1951, p. 56). There were 15,000 steelworkers from the heavy section alone serving 
in the army and the steel industry was recruiting women to take on these roles 
(Pugh 1951: 562). These ‘women of steel’ remain a source of pride for Community. 
Questions addressed by the ISTC at the time included the question of whether workers 
in hot and thirsty jobs should be accorded extra sugar rations for their tea. There was 
a three-day strike at Llanelli because maintenance workers were not offered the 
supplementary sugar given to those on hot works (Pugh, 1951, p. 565)—quite the 
contrast from the subject matter of earlier disputes, but reflecting war-time concerns! 

As the war ended, the trade union backed Labour Party won a landslide victory in 
the 1945 general election and in 1946 a proposal for the nationalisation of the steel 
industry was put forward. The incoming Labour government also finally repealed 
the Trade Disputes and Trade Unions Act 1927, although it was not until 1951, 
when wartime regulations were finally lifted, that the status quo returned (Novitz 
2007: 494). In 1949 the Iron and Steel Corporation of Great Britain was formed, 
nationalising the steel industry. Both union and industry were flourishing. The union 
was headed by a strong executive which alone could authorise strikes, and to whom 
officials reported. The most significant problem for the industry at this time was 
keeping up with demand, high both domestically and internationally (Upham 1997: 
6). 

From this time, a rather unusual dispute resolution mechanism was devel-
oped, which persisted for many years. A ‘neutral committee’ would be established 
containing two representatives for either side of the debate. None of the parties 
involved would work at the firm relevant to the dispute; such transparency quite 
regularly ensured swift resolution of issues (Upham 1997: 7). These structures, estab-
lished under a nationalised industry, were retained as the industry came into and out of 
private hands, resulting in relatively strong and persistent industrial relations struc-
tures, in stark contrast to the oscillating ownership structure of the steel industry, 
which privatized in 1953 (Upham, 1997: 27) and renationalised in 1967. Unfor-
tunately, failure to adequately invest in the industry characterised both models of 
ownership throughout the twentieth century, concerning steelworkers whose industry
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was facing increased competition from abroad.6 Though industrial steelmaking was 
born in Britain, her dominance of the trade was by this stage long gone. 

Roy Rickhuss, General Secretary of Community Union since 2013, argues that 
debates about the merits or demerits of nationalisation have long failed to account for 
the constant pace of investment and technological change required in the industry 
to maintain profitability. In a privatised industry, when the hard times come there 
are motives to get challenging businesses off the balance sheet. In the public sector, 
industry must compete for state investment with health and education.7 

5 Modern History 

By the 1970s, the steel unions were negotiating from a position of strength with the 
British Steel Corporation. But the steel industry itself was not strong, running at a 
loss. Upham describes a ‘long agony of steel’ beginning at this time (Upham 1997: 2).  
In 1979 Margaret Thatcher became Prime Minister of the United Kingdom, bringing 
an end to the post-war consensus where political parties in the UK were largely 
in agreement on major issues such as close regulation of industry and the welfare 
state. Thatcherism advocated free markets, deregulation, privatisation, and sought to 
make labour markets more ‘flexible’ including through marginalising trade unions. 
Thatcher’s battles with the coal mining unions are well known in the UK, where there 
was a yearlong miners’ strike from 1984−1985, which was ultimately unsuccessful. 
Fewer people, however, are aware of her earlier conflict with steelworkers. Though 
there was a gathering threat to jobs in the steel industry (Upham 1997: 127), when 
the steel strike broke out it was about pay. 

It was the view of the unions that the government had provoked the strikes. Govern-
ment documents from January 1980 show that Bill Sirs of the ISTC had told the Prime 
Minister that it ‘seemed to him that the Prime Minister and Sir Keith Joseph (Secre-
tary of State for Industry) were repeating BSC’s view of the dispute, so much so 
that it had seemed to him that there might have been a meeting between Ministers 
and the corporation’ (The National Archives (TNA) PREM19/308 f38, 1980). There 
was a widespread view that the pay offer, in the context of 17.99% inflation (Office 
for National Statistics, 2022) was deliberately and provocatively low. Many in the 
industry at the time believed that the Prime Minister herself was not looking for 
a strike, but that there were others in the Cabinet seeking to provoke action from 
steelworkers.8 

The steel strike lasted three months, but steelworkers suffered substantial hardship 
during that time. The timing of the dispute was not in the workers’ favour, as steel 
was stockpiled over the winter. It’s said that Bill Sirs, at the time General Secretary, 
was in his office in Gray’s Inn Road during a demonstration in London. Striking

6 Interview with A. McDiarmid, 20th August. Oxford. 
7 Interview with R. Rickhuss, 11th August. Oxford. 
8 Interview with R. Rickhuss, 11th August. Oxford. 
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steelworkers, who believed that the union was not acting sufficiently to represent its 
members’ interests, barged into the office and confronted the General Secretary.9 At 
the time questions of solidarity were central; no surprise given the interconnectedness 
of the steel industry and the mining industry. Whilst such political messages were of 
paramount importance to the ISTC’s staff and NEC (National Executive Committee), 
the level of importance to the lay steelworker was less significant. 

The dispute around pay was eventually resolved with an 11% increase on gross 
earnings and a 4.5% minimum bonus guarantee (Upham, 1997, p. 147). However, 
Roy Rickhuss, a young steelworker during the dispute, argues that the conflict had 
always been more substantial than that, and was fundamentally about restructuring.10 

Though there was a theoretically successful resolution of the dispute, there were plant 
closures both before and after the strike. This cut the steel workforce dramatically, 
with deep human cost (Smith, 2018; Beebee, 2020). 

The industry was privatised for the final time in 1988, with British Steel Corpo-
ration listing publicly as British Steel Plc (Upham 1997: 217–18). However, indus-
trial relations remained broadly well-structured thanks to legacy institutions that 
continued despite privatisation. As well as strong Dispute Resolution committees, 
a ‘bible’ of agreements known as ‘The Heritage’ gathered together the dozens of 
agreements that had been made between the unions and the government. This set out 
a framework upon which industrial relations were conducted.11 

By the late 1980s, ISTC membership seemed to have stabilised at between 41,000 
and 42,000 (Upham, 1997, p. 228), about a third of its peak. But the worst reductions 
in headcount were yet to come. In the winter of 1989, the first signs of trouble in 
the economy were sighted. In 1990 a spate of closures struck the industry across 
all regions including the steel and tube works at Clydesdale in Scotland, FH Lloyd 
Engineering Steel in the West Midlands, Raine and Co. in the Northeast, and Brymbo 
in Wales (Upham 1997: 235). Then, in May 1990 British Steel announced plans to 
shut the Ravenscraig hot strip mill in Scotland, which was once the largest such mill 
in Western Europe, would lead to a loss of 770 jobs in a steel-focussed community 
(Upham 1997: 236). However, events were advancing, and market forces placed the 
whole of the steelworks at threat. In 1992 the Ravenscraig works closed in its entirety 
(Upham 1997: 237). This was partly driven by the economic climate, but many in 
the ISTC saw this as punishment by Thatcher for the earlier strike. Ravenscraig 
represented the end of steelmaking in Scotland, and the loss, not only of livelihoods, 
but of an industry which engendered a deep sense of identity and pride (Moss, 2001). 

Despite this challenging environment, there were some opportunities for the 
ISTC to grow, including through amalgamation. On the 22nd of February 1991, the 
Amalgamated Society of Wire workers formally merged with the ISTC following 
a successful ballot (Upham 1997: 233). The ISTC was also becoming more demo-
cratic. In 1993 Keith Brookman became the first General Secretary of the ISTC to be 
elected by a ballot of the membership (Upham 1997: 248). In 1997 the New Labour

9 Interview with R. Rickhuss, 11th August. Oxford. 
10 Interview with R. Rickhuss, 11th August. Oxford. 
11 Interview with A. McDiarmid, 20th August. Oxford. 



106 A. Mowbray

government swept into power. Whilst much legacy anti-trade union legislation was 
retained, the Blair government did not bring in further legislation and developed the 
revised Central Arbitration Committee (CAC) process through which recognition for 
trade unions could be secured (Simpson, 2007: 289) making it easier for workers to 
secure representation. 

A key development at this time was the merger of British Steel Plc and Koninklijke 
Hoogvens, a Dutch company, in 1999 to form the Corus Group. The main disputes 
at this time were around plans to bring together the engineering and production 
teams. For the unions this caused two kinds of problems. First, management sought 
to impose headcount reductions, and second, the move created a recurrence of inter-
union conflict.12 Though there were multi-union collective bargaining arrangements, 
which continue to the present day, team working brought about significant conflict 
as members from the craft unions would be supplanting production workers under 
this model. 

Other blows also struck the industry, especially in Wales. In 2001, the Heavy 
End at Llanwern closed for good and in 2002 Ebbw Vale steelworks closed (Stroud 
and Fairbrother 2012: 655). Though the remaining part of the Llanwern plant has 
survived, it has done so with a fraction of previous employment levels (Stroud and 
Fairbrother 2012: 655). A visitor to Ebbw Vale can immediately note the impact 
the steel industry has had on the town: even the houses were built by the British 
Steel Corporation. For Roy Rickhuss, without steel, it is ‘a town without a heart’.13 

However, some struggling businesses were rescued: for example, in 2003, Allied 
Steel and Wire, based in Cardiff, which had historically been a private company was 
bought out of receivership by CELSA, a Spanish company. 

In response to plant closures, the Steel Partnership Training scheme was set up. 
Later renamed Communitas, this arm’s length body supported workers as they left 
traditional industries. The partnership retrained thousands of redundant steelworkers 
into everything from running their own businesses to horse dentistry. Alasdair McDi-
armid, Community’s Operations Director, recalls that this approach represented the 
core of the ISTC’s values—even if members lost their jobs the union would not 
abandon them.14 Match funding from the European Social Fund meant that the costs 
donated by companies through paid release from work could be doubled, facilitating 
high quality training. However, despite these positives, closures of traditional indus-
tries meant the loss of unionised jobs with strong collective bargaining frameworks. 
This innovative approach to the union’s learning work was part of the reason for 
the choice of union name when in 2004 the ISTC merged with The National Union 
of Knitwear, Footwear and Apparel Trades (KFAT) to create Community, a union 
which represented people not only in the workplace but also in their communities. 

In 2007 Corus group was acquired by Tata who (many believed) overbid for 
the company in a brutal bidding war with CSN. Tata paid £6.2bn for the company 
(Bream and Leahy, 2007), valuing it at around 9 times annual earnings. Tata’s shares

12 Interview with R. Rickhuss, 11th August. Oxford. 
13 Interview with R. Rickhuss, 11th August. Oxford. 
14 Interview with A. McDiarmid, 20th August. Oxford. 
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fell sharply when the news broke, with analysts fearing it would be overextended. 
Meanwhile, Corus shares boomed as investors expected Tata to deliver cost savings 
and improved profitability. 

In the wake of the 2007 financial crisis, the steel markets were volatile. While the 
steel industry had always been cyclical, following 2008 business cycles that had previ-
ously been measured in years could change over the course of months.15 This steel 
crisis left the industry in a state of instability that has not fully abated 14 years later. As 
a result, most steel companies attempted to restructure their businesses. Restructuring 
programmes with titles like ‘fit for the future’ and ‘weathering the storm’ resulted 
in extensive job losses.16 To their credit, union reps managed to achieve the restruc-
tures without any compulsory redundancies. Instead, older members approaching 
retirement took the opportunity to leave on a voluntary basis.17 

A defining trend in recent years has been fragmentation, as the industry splintered 
through sell-offs. Whilst fragmentation was challenged at the time, it was apparent 
that employers were not willing to invest in plants that they did not see as part of their 
core businesses or strategic long-term vision. Given the pace of change in the steel 
industry, plants would quickly have become unprofitable without ongoing invest-
ment. For Alasdair McDiarmid (Operations Director, Community Union), divest-
ment may realistically have been the only way for surviving plants to continue to 
get the investment they needed to be profitable.18 In 2011, the fragmentation of Tata 
Steel UK began with the Redcar plant sold to SSI. The sale was seen as a hopeful step 
forward, as in 2009 the plant at Teesside had been mothballed. Rescue seemed secure 
when the plant was bought by the Thai company SSI, and production restarted. 

Then in 2015, crisis hit Redcar. The plant’s owner disappeared as the business 
fell into liquidation and the plant was closed (Arnold 2020). The business model 
had entailed making steel in the UK and shipping it to Thailand to be rolled. Some 
commentators argued this was not a sustainable model from the start, but it had 
worked, for a time, until steel prices fell. Community argued that a rescue could have 
been attempted by separating the plant in the UK as a standalone and using rolling 
facilities in the UK. Estimates suggested that for a cost of about £20m the Conserva-
tive government could have secured the coke ovens and the furnace.19 Instead, tragedy 
struck the community in Redcar in just the same way it had hit plants like Raven-
scraig in the past. Steel unions have long warned that communities are devastated 
when a key employer is removed from an area. 

The SSI crash was devastating, showing that even today communities remain 
dependent on steel. In Redcar, regional salaries fell dramatically—calculations based 
on ONS data show that median gross weekly earnings fell from £531 before the 
closure to £496 afterwards, a reduction from 4% below the national average to 15% 
below it. Serious harm was done to people’s mental health and there were many cases

15 Interview with A. McDiarmid, 20th August. Oxford. 
16 Interview with R. Rickhuss, 11th August. Oxford. 
17 Interview with A. McDiarmid, 20th August. Oxford. 
18 Interview with A. McDiarmid, 20th August. Oxford. 
19 Interview with A. McDiarmid, 20th August. Oxford. 
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of family breakdown. The jobs that former steelworkers moved into were predomi-
nantly self-employment and service jobs, generally un-unionised, and significantly 
more insecure than the jobs left (Coats, 2020, pp. 42–46). This tragedy occurred 
despite significant efforts from the government to support workers in the sector— 
£80 million was invested in reskilling, retraining and redundancy payments (Coats, 
2020, p. 46), and there was a good example of the principles of social partnership 
that unions like Community have been promoting. 

Whilst it is not clear that the government fully learned the lessons from the collapse 
of the SSI site, there is evidence that it wanted to avoid lightning striking twice. Later, 
in 2016, the Scunthorpe-based long products business was sold to Greybull (British 
Steel 2020) and the engineering steels business in South Yorkshire was acquired 
by Liberty in 2017.20 For the unions, this entailed moving into multiple sets of 
negotiations and industrial relations structures. But, when the same threat appeared 
in 2019 in Scunthorpe and it seemed the business was heading like Redcar towards 
liquidation, the government stepped in to provide an indemnity to the official receiver, 
which meant they were able to keep the business trading whilst a buyer was found. 
Eventually British Steel was acquired by the Chinese steel company Jingye (British 
Steel 2020). 

Notably, the steel unions argued that the success of this rescue exposed the lie 
that no government intervention could have been attempted in21 Redcar. In subsequent 
years steel companies have continued to look for opportunities to divest assets, and 
the legacy of 2008 continues. Yet, for all it has faced in the past, the new set of 
challenges that the steel industry is facing today dwarf any that it has faced before 
i.e. decarbonisation. 

6 Unions and Steel in the Net Zero Future 

Community and the other steel unions have never shied away from acknowledging the 
urgency of the climate crisis (Community Union, 2021). Human-caused emissions 
are driving global temperatures up. To stop catastrophic global warming and climate 
change, it is imperative that the global community reduces its carbon emissions. 
Since its earliest days, the steel industry has been fuelled by carbon rich materials, 
charcoal in antiquity, coal since. Now dramatic changes in manufacturing methods 
are needed to make steel in a way which emits far less carbon. 

At the same time, to manage the green transition the world will need steel. Steel 
will be an essential part of the supply chain for everything from electric automotives 
to wind turbines (Azevedo et al., 2022). Many of the green industries of the future 
can simply not be delivered without steel. Decarbonisation of the UK domestic 
steel industry is thus essential not least because of the emissions associated with 
transporting steel, the only alternative to domestic production. It has been estimated

20 Interview with A. McDiarmid, 20th August, Oxford. 
21 Interview with R. Rickhuss, 11th August. Oxford. 
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that transport costs alone meant that the carbon emissions associated with importing 
steel from China were fifty times that of steel produced in the UK (UK Steel, 2021: 
6). 

Significant investment is required to ensure that the industry reaches its net zero 
targets. The year 2021 represented a pivotal decision point for the UK government 
and for the steel industry as a whole. In March 2021 Secretary of State for Business, 
Energy and Industrial Strategy, Kwasi Kwarteng resurrected the Steel Council, which 
had fallen into disrepute mainly because of a failure to agree on objectives amongst 
employers.22 The resurrection gave steelworkers hope that the industry’s future would 
be taken seriously in a year where the UK government’s decision to host the COP26 
conference placed its own climate policies in the international spotlight. COP itself 
also created an opportunity, disappointingly not seized, to set out a meaningful plan 
for the steel industry. 

One of the areas of consensus is the importance of competitive energy prices to 
the future success of the steel industry.23 Unions and industry argue alike that any of 
the technologies that will replace the existing technologies will require significantly 
more electricity than blast furnaces. For many years the UK steel industry has suffered 
a competitive disadvantage on electricity prices, sometimes paying double the price 
paid by producers in France or Germany. 

Furthermore, the steel industry is the backbone of communities. Lessons learnt the 
hard way from Ravenscraig to Redcar show the tragic human consequences if steel 
is lost. The energy price surges of 2021−2022 have stretched the finances of both 
workers and steel companies to the limits, threatening the UK’s Net Zero targets. This 
is disappointing given that the transition has the potential to create and protect steel 
jobs. Newer technologies like Hydrogen and DRI (Direct Reduced Iron) steelmaking 
will require significant investment and strategic thinking about the direction for the 
UK (Spatari et al 2021). Yet underinvestment has characterised the history of the 
UK steel industry, so serious change must be made to achieve a result that supports 
future industrial success as well as protecting good jobs, and communities. 

7 Conclusions 

Reflecting on the number and variety of challenges UK steel workers have faced 
over the years, what is remarkable is their great resilience despite continued patterns 
of underinvestment and failure to protect and support the industry to adapt. As a 
trade union, we have been proud to put forward workers’ voices throughout that 
history, ensuring that government and employers recognise their impact on people 
and communities. Without the constant focus of unions on protecting their members, 
improvements to conditions in the UK steel industry would not have been achieved 
and efforts to help communities through industrial change would have been weaker.

22 Interview with A. McDiarmid, 20th August. Oxford. 
23 Interview with A. McDiarmid, 20th August’. Oxford. 
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As European steel industries continue to face substantial challenges, it’s impera-
tive that a co-ordinated effort is directed towards achieving net zero. Lessons from 
the past must be learnt to ensure communities are not harmed as the economy tran-
sitions—no communities should face the fate of Ravenscraig or Redcar. It is more 
essential than ever that workers’ voices are heard, throughout this process and that 
governments, employers, and unions work together as the industry takes on perhaps 
the greatest challenge it has ever faced. 
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Aiming for Industry 4.0: The Case 
of the Czech Republic 

Roman Ďurčo, Marcel Pielesz, and Dana Sakařová 

1 Introduction 

The production of base metals is a global industry and in that sense its situation is 
largely defined by global political, economic and environmental trends. This is a 
segment that significantly transfers the consequences of world development to local 
economies and local labour markets. It is, moreover, an energy-intensive industry and 
therefore dependent on the development of the global energy market. Raw materials 
processed by the industry are geographically unequally available and are subject to 
global trade, hence also dependent on non-locally influenced factors. As such, there 
are significant and varied implications at national and regional levels for metals 
production, including with the Czech Republic. 

The metallurgical industry in the Czech Republic is mostly located in the Ostrava 
region and its vicinity. Coal, which was discovered under Ostrava and Karviná, started 
the creation of the lower Vítkovice area—today a national cultural monument—and 
the establishment of the Vítkovice Ironworks, Nová huť (recently Liberty Steel), 
Třinec Ironworks (Třinecké železárny), steelworks and tracks production company 
Bohumín and other firms related to steel production, such as those related to the 
engineering industry and others similar sectors. Hence, in this chapter, we focus 
discussion on the Ostrava region, which is called the Steel Heart of the Republic. 

Beyond this, the principal focus of the chapter is on the process of automation in 
the Czech Republic’s steel industry, and its very gradual transition to Industry 4.0
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D. Sakařová (B) 
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technologies. It represents a case of how the transition is taking place in a much-
changed industry since the communist era and accession to the European Union (EU). 
First, we begin by situating the steel industry in the Republic with a discussion of the 
emergence of the Ostrava region as the heart of the Czech Republic’s steel producing 
region, and its subsequent decline but also its place as the centre of post-industrial 
and industrial transformation, and in this sense presenting a case for technological 
transition, i.e. Industry 4.0. 

2 Ostrava: The Steel Heart of the Czech Republic 

As usual, those who want to understand today must know the past. In the case of 
Ostrava, this is doubly true. Its fate was lined up for many decades in the second half 
of the eighteenth century, when rich coal deposits were found in the Ostrava region. 
The rapid growth of the agglomeration started in 1828 with the establishment of 
ironworks in the village of Vítkovice. By the second half of the nineteenth century, 
Ostrava had already become one of the most important industrial centres of the 
Austro-Hungarian monarchy thanks to coal mining and ironworks. 

However, the greatest expansion of Ostrava did not begin until the communist 
coup in 1948 and the subsequent orientation of the Czechoslovak economy to the 
development of mining, steel and other branches of heavy industry. Its massive 
support led to the rapid swelling of the city. While in 1950 Ostrava had a population 
of about 215,000, twenty years later there were already 300,000 people living in 
this city. To illustrate the situation: during the 1980s, the Ostrava industrial area 
accounted for 86% of hard coal mining, 82.5% of coke production, 66.8% of pig 
iron production and 60.3% of steel production nationwide. Half of the economically 
active people were employed in the industry here. The socialist planners anticipated 
that the North Moravian metropolis should accommodate half a million people and 
conceived the city accordingly. As the economic geographer Ondřej Slach from the 
Faculty of Science of the University of Ostrava says, the fundamental problem of 
Ostrava is encoded in its history, in that “for some 150 years it was built not for 
people but for industry” (Faculty of Science, 2023). 

The economic downturn that followed the fall of the communist regimes in Central 
and Eastern Europe hurt Ostrava in particular. The disintegration of the Council for 
Mutual Economic Assistance in 1991, and thus the collapse of the market in which 
these countries traded, led to a drastic decline in the economic output of the post-
communist countries. Of course, industrial centres such as Ostrava suffered the most. 
Workers were laid off in large numbers. If in 1989 OKD mining company employed 
112,000 people, six years later the number of employees decreased to 42,000 and by 
2003 it had fallen to only 17,500. Today, OKD employs just about 1,200 employees. 
A similar reduction in the number of employees also affected the company Nova Hut. 
In 1989 it had 23,000 employees, in 2003 only 12,000 were left and the company 
currently employs only about 7,500 people. Třinec ironworks underwent similar
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developments as it reduced employment from 24,000 employees in the late 1980s to 
currently only about 6,800 employees. 

The transformation of the industry to one that was much smaller in terms of 
workforce became fully apparent after the fall of the communist regimes in Central 
and Eastern Europe. Gone are the days when miners and steelworkers were a coveted 
group. It is not for nothing that during the industrial heydays, it was said: “I am a 
miner, who is more?” The average monthly wage of the miner in 1988 was just 
under 7,200 Czechoslovak crowns, which corresponded to two and a half times the 
then country-wide average income. Experienced front-line miners could even earn 
around 10,000 crowns, which was a lot of money for that time, given that the directors 
of industrial companies earned an average of just above 7,000 crowns a month at 
that time. Today the situation is completely different. The miners earn about 30,000 
crowns gross a month, but if their wages had grown at the same rate as the average 
salary in the Czech Republic after 1989, they would be earning more than twice that 
amount. 

3 The Black Lungs of the Republic 

After 1989, Ostrava faced a situation for which it was not built. It became an industrial 
city in post-industrial times, and people started to leave. In 1990, it had about 331,000 
inhabitants while today, only 289,000 people live in it. The process of population 
decline has not slowed down. On the contrary some 27,000 people have left just in 
the last decade. 

This is a big problem for Ostrava in the future. The city was planned for half a 
million people, and the transport network and the entire infrastructure were designed 
accordingly: ‘The city must learn to manage more efficiently. Although the city’s 
population is shrinking, the infrastructure costs are still the same’, says sociologist 
Lubor Hruška (cited in Kain 2018) head of the scientific team who created a multi-
volume monograph on the development of Ostrava called The Industrial City in a 
Post-Industrial Society. 

The most common explanation for the decline in the population in Ostrava is that 
economic development has stopped and the city has been economically left behind. 
But according to Slach (cited in Kain 2018), it is more complicated: 

It is often said that people leave Ostrava for economic reasons, due to deindustrialization. 
But if you look at the hard data, Ostrava, from an economic point of view, when it measures 
the unemployment rate, added value per employee, R&D expenditure and several other indi-
cators, it is one of the most successful regions in the Czech Republic. Economic development 
is not as bad as it is sometimes presented, and the economy is not the only reason why people 
are disappearing from Ostrava, 

According to Slach, the aging of the population also plays a big role. Like almost 
anywhere else in the country, birth rates have fallen in Ostrava after 1989 and while 
the number of pensioners is increasing. If in 1990 Ostrava was by far the ‘youngest’
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of the large cities in the Czech Republic, today it is the ‘oldest’. If nothing changes, 
according to Slach, an average of 2.4 pensioners per child will live in Ostrava in 
2045. 

The fact that economic reasons may not have a major impact on the depopulation 
of Ostrava can also be seen in where people go to when they leave Ostrava. If the 
reasons for their departure were only economic, they would be completely outside 
the region, but this is not the case. According to a new analysis of the migration of 
Ostrava residents, which was prepared by Lexxus Norton for J&T Bank (cited in 
Kain, 2018) a total of 66.5% of ‘leavers’ remain in the region. This is also confirmed 
by the data available to Ondřej Slach. Of the total of 42,000 people who have left 
Ostrava since 1990, about 70% have settled (and remain) in its immediate vicinity. 

4 ‘Post-Industrial’ and Industrial Transformation: New 
Opportunities? 

In an effort to find an answer to the question about its future, Ostrava has one advan-
tage. The situation in which Ostrava finds itself is nothing new in the international 
context. Ostrava thus can learn from other places who have experienced similar 
developments. The German city Dortmund, for example, which for many decades 
was one of the country’s largest industrial centres, has experienced heavy industry 
downturns. In the 1980s, coal mining and steel production became less profitable and 
70,000 people lost their jobs due to closure of mines and industrial plants. At that 
time, the city bet on education, science and research. And it did well. The Technical 
University, already founded in 1968, flourished and has currently more than 30,000 
students. A technology centre for companies focused on biomedicine or nanotech-
nologies has also been set up nearby, employing almost ten thousand people, many 
of them highly qualified. 

Dortmund tried hard to change its image and get rid of the reputation of a dirty 
industrial city. A lake (Phoenixsee) was created on the site of the former steelworks, 
on the shores of which luxury housing has grown. The listed building of a former 
brewery was renovated for 50 million euros and reopened as a centre for artists. In 
2010, Dortmund was even awarded the Capital of Culture of the EU. 

Ostrava also has a chance to have a good future if it invests in education and 
bets on research and development, information and communication technologies, 
but it should certainly not turn its back on its industrial tradition, as Hruška notes 
(in Kain 2018): “Ostrava will probably never just be a city of services, industry 
will always play a big role here. It will not only be a heavy industry, but it will be 
a light engineering industry, automated production”. Slach agrees: “I am sensitive 
when someone says that Ostrava is a post-industrial city, because that is not true. The 
industry still employs around thirty% of the people here. Even reindustrialisation took 
place here between 2004 and 2008. Industry grew throughout the region.” According 
to Hruška, Ostrava would flourish even if Mittal ceased to exist. “It would lead to a
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further outflow of population, but in general, Ostrava has already taken a different 
path, the key is for Ostrava to become a modern city with a quality environment 
based on people who want to achieve something.” 

As far as the steel industry in the region is concerned it experienced a significant 
decline in production in the context of the global economic crisis of 2008–2009. Since 
then, there has been some gradual improvement in the situation in both the Czech 
Republic and Europe, but production is around 90% of 2007 levels and production 
volumes are not expected to return to 2007 levels or higher levels (Steel Union, 
nda). As in the whole of Europe, the Czech steel industry is characterized by some 
degree of overcapacity and the situation leads to relatively high pressure to maintain 
competitiveness, especially in the context of the inflow of cheap steel from China 
and India. Despite these facts, the recent annual performances, for example, in 2017 
and 2018 of the Czech steel industry, are evaluated to be successful (Steel Union, 
nda). The Czech and European economies showed positive development as demand 
for and price of steel increased. 

A successful strategy seems to be to try not to compete with Chinese and Indian 
cheap steel production, but to increase the added value of the product in terms 
of the introduction of modern technologies position (e.g. special wires and heat-
treated high-quality bar steel in the case of Třinecké železárny, which thanks to 
this approach is able to maintain a good market position). This direction requires 
companies to invest heavily in equipment upgrades, technology development and 
production greening. In this regard, the role of research and development is irre-
placeable, investment in research and development is one of the main global trends 
in the field of metal production in recent years. 

Technological innovation will be key for the industry and those looking to stay 
ahead will invest in developing these capabilities. This is especially true for industries 
facing very challenging market conditions. Metal fabrication is a very competitive 
environment, and research and development is key to keeping businesses abreast. 
Manufacturers are increasingly aware of the importance of continuous development 
and innovation, and understanding which new technologies open up new produc-
tion possibilities and new capacities. Cooperation between metal producers and the 
metalworking industry is also of particular importance to the success of research and 
development. 

Iron metallurgy is a separate field of intelligent strategy. In this area, research 
and development is seen as a key element of the path to achieving and maintaining 
competitiveness. The research activity here should be aimed mainly at new sophisti-
cated products in response to the requirements of the customer industries, especially 
in the form of higher quality standards, flexible response to the demand for new prod-
ucts and innovation (e.g. offering a lighter material while maintaining the mechanical 
properties of the original). Other research topics are light alloys, cellular materials 
and composites, extreme alloys and composites, new and improved steels, advanced 
superconductors, development of combination alloys, biocompatible metallurgy, 
metal structures and technological units, metallurgical semi-finished products of
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copper and alloys, development of new and increasing parameters of existing auxil-
iary materials (chemicals, oils, etc.), new types of refractory materials, incl. their 
coatings for casting new types of alloys. 

Research and development of new technologies in metallurgy are also supported, 
which enable an increase in productivity, a reduction in production costs including 
reduction of energy and material consumption. These new technologies will lead not 
only to improved product properties but also to cost savings, increased productivity, 
speed and flexibility, reduced environmental impact and improved workplace envi-
ronment, including higher work safety. The key to all technologies is a combination 
of skills in materials science and a deep understanding of the manufacturing process 
and the technical equipment used. There is a fairly strong awareness among Euro-
pean metallurgical industry leaders that without major investment in innovation, the 
competitive position of European metal production will continue to deteriorate. 

Among other things, this leads to pan-European and national subsidy initiatives to 
support the development of the sector, especially in terms of research, development 
and innovation (e.g. the ‘Metallurgy Europe’ program for the years 2012–2022 or at 
the national level the inclusion of metallurgy in the areas of intelligent specialization 
of the Czech Republic within research and development support programs). On the 
other hand, however, the ever-increasing emphasis on ecological production within 
the EU (Green deal) creates significant pressure on the industry and worsens its 
relative competitive position on the world market, and some protectionist measures 
on the international trade scene, specifically, for example, the introduction of import 
duties in USA. We need more investment, action and support from the European 
Union, Member States and companies to make this just transition effective. The 
transition to a low-carbon economy depends on sustainable and resilient industries. 

In short, the industry provides 30 million high-quality jobs across Europe and 
delivers solutions to decarbonise our economy. However, it requires a supportive 
policy at EU, national (Czech Republic) and regional levels (Ostrava). A just tran-
sition is not free, but the costs of bad transitions are much higher for individuals, 
regions and society in general. Achieving climate goals in a fair and inclusive way 
requires higher public spending, but potentially brings long-term savings to society. 
An important aspect in achieving the transition is the second of the twin challenges 
(decarbonisation being one): Industry 4.0 and the development and insertion of digital 
technologies. 

5 Industry 4.0 

For many years, many developed countries have been engaged in the advent of the 
Fourth Industrial Revolution or Industry 4.0 (see Fig. 1 below), which is funda-
mentally changing the nature of industry, energy, trade, logistics and other parts of 
the economy and society as a whole. The Czech Republic aims to be part of this 
transition:
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Fig. 1 From industry 1.0 to industry 4.0 [study of Třinec steelworks nda] 

For Czech Republic and its high dependence on manufacturing industry there is nothing 
more important than not to let pass the train in something what the Germans called Industry 
4.0. We need to develop this comparative advantage as much as possible. In reality we are 
not missing the money to develop further. But we need to put the money into areas that feed 
us, where we can do something, and to present it as perishable result”. 

(Zámečník 2015). 

The aim in this section of the chapter is to provide key information related to the 
topic of the fourth industrial revolution, show possible directions of development 
and outline proposals for measures that could not only support the economy and 
the industrial base of the Czech Republic, but also help prepare the entire society 
to absorb this technological change. This is the only way to ensure the long-term 
economic attractiveness and competitiveness of the Czech Republic. 

The digitalisation of the economy takes place in a wide range of sectors. These 
include sectors such as electronics, electrical engineering, machinery and equip-
ment construction, tool manufacturing, automotive, energy, chemical and pharma-
ceutical production, metallurgy and steel, information technology and telecommuni-
cations, industrial automation, radiocommunications, but also maintenance, banking, 
financial and marketing services, business activity, consulting services, advertising 
activity, software development, agriculture, environment, health, nutrition and others. 
Thus, Industry 4.0’s goal is to bring a complete digital interconnection of all levels 
of value-added creation-from product development to logistics. This means radical 
change and forward-looking investment planning in large and small businesses. 
Innovation, flexibility and productivity should all be redefined in Industry 4.0.
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Fig. 2 Product identification-simplified production flow at Třinec steelworks a.s. from primary 
production to the final product [study of Třinec steelworks, nda] 

Industry 4.0 is a term for a set of specific technological trends, which are the 
result of intensive development in the field of ICT, increasing computing capacity and 
higher possibilities of interconnection of ICT with physical systems. According to 
many experts, these trends will completely transform the face of industrial production 
and this change will also affect the production of metals and metal products (see 
Fig. 2). 

Businesses will be strongly forced to introduce and implement Industry 4.0 tech-
nologies due to global megatrends, two of which are a lack of skilled labour and 
increasing global competition, particularly in terms of prices. These trends will 
lead the sector to further implement automation, including automation of assembly 
and setup of machines and parameters and their automatic adjustment in real time, 
monitoring of product lifetime, etc. 

The introduction of Industry 4.0 requires large investments by companies, inten-
sive use of R&D results, investment in state-of-the-art technologies, radical innova-
tion solutions, quality and portfolio optimization of production. As for the future of 
the monitored industries, it is expected that they will move towards higher value-
added products and sophisticated products. As such, Industry 4.0 makes claims to 
bring huge productivity gains and increased flexibility of series size (from individual-
ized 1-piece production to huge series where interconnection allows flexible logistics 
and communication) [Naujok and Stam, 2017]. In so-called smart factories, which 
will continuously monitor and regulate the production process using digital tech-
nologies, production costs will be reduced (higher work efficiency), waste will be



Aiming for Industry 4.0: The Case of the Czech Republic 121

reduced and decision-making processes will be speeded up. One of the key resources 
in the future will be the know-how for smart factories. 

In addition to a direct impact on production processes and technologies, the 4th 
Industrial Revolution can be expected to affect the production of metals and metal 
products indirectly through an impact on the demand for metals in terms of certain 
new features or new use in new segments. The major developments that can be 
observed at a global level in the metal industry today include automation, introduc-
tion of systems using big data, robotics, the Internet of Things, connected factories, 
collaborative centres, remote monitoring and control and streamlining of complicated 
processes through data analysis (see Fig. 3). 

Data-driven technologies enable higher production accuracy and higher repeata-
bility. Automation, which is already present to some extent in metal production (CNC 
machines, programmable presses), will continue to gain importance in the form of the 
Internet of Things. The use of sensors and large data sets allows the implementation 
of predictive maintenance. All available machine status information will be available 
at all times and used automatically. Sensors and smart chips are getting smaller and 
easier to install, which applies to all kinds of products, not just machines. Intelligent 
tools provide feedback on state and processes, such as vibration, to IT staff who adjust 
the process. All equipment and tools in the factories will have to be equipped with 
such features in the future. Together, these technologies will completely map produc-
tion from start to end. The introduction of real-time process monitoring (sensors and 
continuous calculations) will allow to regulate parameters (e.g. temperature) in indi-
vidual phases. To put it simply, it will be enough to insert a piece of metal, program

Fig. 3 Manufacturing execution systems management [study of Třinec steelworks, nda] 
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the device, and at the end the completely finished product falls out according to the 
specified parameters without the need of manual entry. Automated storage systems 
for material storage will also play a role—higher storage capacity, density of access 
and process transparency. Storage systems can be linked to production, where the 
material is fed automatically. As a result, it is a continuous automatic process from 
raw material to final product. 

The combined effects of Industry 4.0 technology will generally reduce the price 
of production, reduce material consumption and increase production capacity. In the 
US, material consumption has already decreased by 4% (waste reduction) in this way, 
while production capacity has increased by up to 20% in some companies. After-sales 
services and pre-sales management have also improved with algorithms that better 
predict customer behaviour. Investing in these areas will enable companies to reduce 
spare parts costs, increase yield and increase accuracy (part size consistency). It is 
a realistic precondition for both the production of more advanced products in many 
ways and a higher adjustment according to customer requirements and customer 
support. 

It is anticipated that such developments will bring more jobs for highly qualified 
technicians and data analysts and higher wages, but existing employees must also be 
retrained. However, it is also assumed that the development of digitalisation will to 
some extent reduce the number of employees (or help to solve labour shortage) in 
companies thanks to automation, integration of multiple machines, robotics, analytics 
and the possibility of remote control. The main driver will not be the effort to reduce 
costs through layoffs or low wages, but the effort to increase reliability, efficiency 
and productivity that can be achieved with digital technologies. 

Trade unions not only in the Czech Republic, but also in the whole Europe should 
closely follow all these trends and their impacts on employment. New jobs will be for 
sure created but we should follow where are they created. We do not want to reach 
the situation that new jobs are concentrated only in some countries or regions while 
those where original jobs were disappearing are confronted with deindustrialisation, 
which can lead to poverty or another unbalanced situation within the EU. We fully 
support the European slogan: “Nobody should be left behind”. This slogan concerns 
people/workers; companies, industries/sectors but also EU countries. 

6 Industry 4.0 and the Czech Republic 

The extent to which businesses in the Czech Republic currently consider the trends 
in Industry 4.0 to be relevant for them from their point of view is very diverse. It 
depends on the nature of production, the size of the company and the context of its 
supplier-customer relations. Large-scale manufacturers usually already have some 
degree of automation and robotics in place. For producers of small series, for single-
piece and custom-made production, the trends have been slow to emerge. Further, a 
significant part of metallurgical enterprises of the Moravian-Silesian region indicate
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that a significant proportion of manual labour is irreplaceable in their production also 
in the future (Association of Industry and Transport of the Czech Republic, nda) 

The reality of the vast majority of Czech companies in industry is far from this 
vision, but these are real concepts that are being discussed extensively in the profes-
sional field, especially abroad. Even when they will not be fully developed in the next 
few years, it is a direction whose timely capture can determine the future competitive-
ness of the industry as a whole, especially if other competitive advantages (e.g., labour 
costs) weaken. Some sources mention that for metal production is the connectivity a 
key for the future, or that the 4th Industrial Revolution may bring a "renaissance" of 
metal production. Last but not least, digitization has the potential to make the metal 
and metalworking industry more attractive to younger generations. 

The full development of some technologies of Industry 4.0 in production (not 
only in the Czech Republic) is hampered by the hesitation of companies due to the 
lack of robust evidence and procedures on how to use the amount of data collected. 
The whole area is under investigation. Some companies are interested in installing 
sensors on older equipment they own. Producers of production technologies are 
therefore hesitant to install sensors. However, as soon as there is solid evidence of 
benefits and data utilization practices, it is likely that the mainstream will begin to 
move more strongly in this direction. 

The Czech Republic is one of the countries with the longest industrial tradition and 
our ambition is for its future to remain connected with industry. As example you will 
find concrete projects implemented in Třinec Steelworks in 2017–2018 (See Fig. 4). 
The Fourth Industrial Revolution brings a number of challenges, but especially a 
unique opportunity to ensure the long-term competitiveness of the Czech Republic 
in a global competitive environment. We live in exceptional times and our ability to 
seize this opportunity will have an impact on the quality of life of generations.

In what follows we identify a range of issues to be addressed in the context of 
Industry 4.0 and the future of the Czech Republic steel industry:

. Readiness of companies to implement robotic technologies is currently 
weaker in older companies: Where it is necessary to invest in the renewal of 
older technologies, little support from the state through funds and guarantees from 
banks (harsh conditions). New companies are mostly based on new technologies. 
One of the important conditions for the use of all possibilities of technological 
development is a sufficiently strong ICT infrastructure, which is evidenced for 
example, by the speed of the Internet connection available to the company.

. Research, development and innovation / new materials and technologies: 
Investment in research and development is one of the main global trends in metal 
production in recent years. Technological innovation will be key for the industry 
and those who want to stay ahead will invest in developing these capacities. This 
is especially true for the steel sector, which is facing very challenging market 
conditions. Metal production is a very competitive environment and research and 
development are the key to keeping companies from falling behind. Manufac-
turers are increasingly aware of the importance of continuous development and 
innovation, that new technologies open up new production possibilities and new
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Fig. 4 Selected planned automation projects [study of Třinec steelworks, nda]

capacities. Cooperation between metal producers and the metalworking industry 
is also of particular importance for the success of research and development.

. Employment in industry, age structure of employment: It is a well-known 
fact that the Czech economy, like almost the whole of Europe, is facing an aging 
workforce. Industries are even worse off in this respect, as the physical demands 
of work tend to lead to early retirement and especially heavy industry is failing 
to attract young workers despite rising wages and the transition to new modern 
technologies. Demographic development is one of the most frequently mentioned 
topics in the context of the labour market. The metal industry is one of the first to 
lose labour due to lower numbers of young people. Many operations have a higher 
average age and risk leaving outgoing generations of experienced workers with no 
one to replace. The demographic trend has been compounded in recent years by 
a record high employment rate, with fewer jobseekers in the labour market than 
reported vacancies, and the fact that younger generations prefer career choices 
other than heavy industry or metalworking.

. Educational structure of employment, education of employees in digital tech-
nologies: Unskilled employees are entering, who need to be retrained for existing 
professions, and it is also necessary to provide training for existing employees in 
new technologies, low subsidy programs for training and retraining for companies.

. Estimation of impacts on professions and skills: There is a realistic assumption 
that some professions will disappear during the transformation of the industry, 
but new professions will also emerge, but with higher qualifications and higher 
wages.
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. Machine Learning/Artificial Intelligence: Machine learning and artificial intel-
ligence provide better insight into processes and data for their optimization. 
Analytical procedures are shifting from more reactive (analysing previous events) 
in the past to predictive and prescriptive analytics in the future. This allows for 
higher sophistication of artificial intelligence technologies along with a decrease 
in the price of sensors and computing power. Based on this data, it will also be 
possible to make qualified decisions concerning, for example, the strategic posi-
tion in the value chain. By enabling machine learning to identify the internal 
processes and activities that contribute most to the achievement of production 
goals, machine learning will also affect the quality of products and services 
provided. Artificial intelligence is still in its infancy in metal production and 
is only being accepted very slowly. However, this type of production is charac-
terized by a number of repetitive tasks that artificial intelligence in combination 
with robotics can easily take over.

. E-mobility: The projected transition to e-mobility is also causing some uncer-
tainty in the sectors under review, which will significantly affect demand of the 
main consumers of metal industries. Electric motors are simpler than internal 
combustion engines and contain fewer parts. In general, efforts for lighter cars 
with lower fuel consumption result in demand for lighter parts and new progressive 
materials, reducing the need of steel.

. Environment: Environmental issues, climate change and efforts to mitigate envi-
ronmental pollution affect the metal industry in several ways (Green deal and Fit 
for 55). Climate protection policy in Europe is being transformed into a practical 
form, for example through emissions trading. The development of their prices 
is a variable that significantly affects the situation in the steel segment and its 
competitiveness. If the prices of allowances continue to rise, there is a risk that 
steel production in the Czech Republic will no longer be profitable and will be 
moved to third countries outside the EU, where environmentally friendly tech-
nologies are used and CO2 production is not limited in this way. Current trends 
in targeted environmental regulations are described as potentially liquidating for 
the Czech and European steel industry. 

7 Conclusions 

The production of basic metals and steel is crucial for Europe and its member states. 
Today it is defined by global trends and geopolitical developments. Industry 4.0, 
digitization, the transformation of the entire sector towards greater sustainability and 
greening is also affecting the steel industry in the Czech Republic. Due to the concen-
tration of steel industry especially in the North Moravian region, i.e. in Ostrava, these 
global trends have an impact not only on the steel companies themselves, but espe-
cially on the employees and their families. The transformation of the steel industry in 
the Czech Republic and its preservation in a given locality means providing a future 
perspective to the entire region and its inhabitants, as well as to related sectors.
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The steel industry is one of the sectors that has been dealing with issues of 
its sustainability for many years. Considerable sums are invested in innovation, in 
research and development, and at the same time, it is and will be necessary to invest 
in people, in the employees of the future who will have to master new technologies. 
Considering that it will be a considerable investment, it will be necessary to involve 
in future educational activities not only steel companies, but also individual states, 
training and education providers, so that these correspond to the current requirements 
for an educated workforce of steel and metallurgical companies. At the same time, it 
will be necessary to introduce concepts of lifelong learning on the part of employees, 
who will have to continuously respond to new concepts and production changes that 
are constantly coming. 

Even in the future, the steel industry will probably have to deal with unequal 
conditions on the global market, unfair competition, overcapacity, protectionism, 
problems with the supply of raw materials, however, thanks to an educated workforce 
and investments in research and development, which will ultimately lead to the 
production of green steel in the EU was to maintain a competitive position on world 
markets. The transformation of the steel industry and our future will therefore depend 
on a sustainable, stable and resilient EU industry and a skilled workforce. 
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Recruitment and Training 
and the Dynamics of Digitalization 

José Ignacio Alonso Osambela 

1 Introduction 

The current digital and technological transformation affecting the European steel 
industry is having an impact not only on the industrial processes but also on all the 
processes related to people. Within this transition, some of the most important aspects 
are those related to Recruitment and Training. For a simple matter of generational 
replacement, the candidates and the newcomers on board are coming with dramat-
ically different expectancies than those responsible for hiring decisions. Moreover, 
the ways these candidates participate in the recruitment processes have nothing to 
do with what was commonplace not so many years ago. 

The hiring process in the 1990s was paper-based. The post was advertised in 
the newspapers and the candidates had to apply by post. This made the process 
necessarily manual and much slower than nowadays. At the same time, companies 
are looking for standardized methodologies that allow them to take the best hiring 
decisions regardless of the experience of the recruiter. In addition, it is very important 
what the companies do when the candidates are hired. Not everybody reaches 100% 
of the requirements from the beginning and, even so, the job function changes and 
evolves in time. The job’s evolution, or even change, takes place faster and faster if we 
compare it with the last decades, almost at the rhythm of technological changes. As 
such, we might say, digitalization has come to the world of People Talent Management 
to improve it. 

The demographic evolution is having an important impact on companies’ People 
Departments. What used to be known as the age pyramid is becoming something 
different because of longer life expectancy and extended working life. According to 
age distribution evolution, we are moving from a world populated by young people
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to a world where life expectancy is progressively increasing. The consequences of 
the demographic change have an impact on several fields, such as environment, 
workforce, and resources. In this chapter, we focus on the workforce. 

An important part of the people in our companies are non-digital natives that are 
slowly being replaced by newcomers born in the age of smartphones and the internet. 
I say slowly because the evolution of employment in the steel industry has seen in 
Europe a dramatic decrease in the last 50 years. Nowadays, there are just 327.000 
direct jobs in the sector.1 In this context, it can be assumed that the turnover is low 
and consequently the ageing is high. According to the data, the challenges are mainly 
in 2 areas: hiring and learning and development. 

First, hire the right people according to our needs in a VUCA world (Volatility, 
Uncertainty, Complexity and Ambiguity) where the candidates depending on their 
age may be non-digital natives. If we look at unexperienced candidates, we need 
to be aware of the formal training that they are currently receiving from the educa-
tion system (VET or University) and to what extent this education matches with the 
company’s needs. The talent market is a global one now. So, it is necessary to share 
our opportunities globally. We have to raise the internal awareness of the importance 
of the Hiring Function in the Steel Industry. The Quality of the Hiring Function 
is possible throughout robust recruiting processes. Standardization decreases ambi-
guity, guesswork, and guarantees quality. We need to work with the necessary digital 
tools. It is about new recruitment versus old-fashioned recruitment processes. Linked 
to the hiring process, we have to take advantage of social networks to share our 
Employee Value Proposition, which is related to young people’s aspirations towards 
their jobs. 

As regards learning and development, as a starting point, we need to explain 
clearly to the newcomers what we expect from them. Companies have to develop 
the skills according to the identified gaps. Every process that we define to assess 
the performance of the employees according to the identified skills needs has to be 
done at the right cost considering the budget availability. The development must be 
done with the best available trainers to guarantee quality. The best trainers of internal 
talents are normally in-house. Working with the necessary digital tools is another 
necessity and training and digitalization go hand in hand. 

In what follows, I focus on the hiring process itself and the main challenges to 
be faced by the companies to success in this important field. Second, I focus on 
the importance of quality and what does that mean in this context. Thereafter, we 
highlight the learning and development as another priority to take into account.

1 Source https://ec.europa.eu/growth/sectors/raw-materials/related-industries/metal-industries/ 
steel-sector-careers_en. 

https://ec.europa.eu/growth/sectors/raw-materials/related-industries/metal-industries/steel-sector-careers_en
https://ec.europa.eu/growth/sectors/raw-materials/related-industries/metal-industries/steel-sector-careers_en
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2 Hiring: Hire the Right People 

“You can train a turkey to climb a tree. But I’d rather hire a squirrel.” This saying 
is true in a world more or less stable. Due to an increased speed of new forms of 
digitization, there is an evolutionary change in the world of work. As a result, the 
demands for highly qualified professionals are rising. The question is, how do we 
find the right candidates that are already sufficiently trained to face our needs in the 
steel industry? 

The current industrial processes and the technology applicable in the steel industry 
are in a permanent evolution. The training programs formally designed in modern 
educational centres simply cannot keep up with the speed of this evolution. So, if we 
cannot meet all our needs with non-experienced professionals, we have to look for 
candidates currently working in the industry. Considering the demographic changes 
and digitalization, qualified professionals in the industry are scarce, especially in 
some departments such as maintenance or engineering. If we look at the market, we 
could find out that semi-qualified workers need to refresh their knowledge to meet 
our needs. 

Apparently, we could believe that because of the non-digital native issue, this 
reskilling and upskilling is a difficult job. However, our experience reveals that 
employees are shifting their perception of reskilling/upskilling from it being a valued 
opportunity to being an essential step in remaining employable or even to find internal 
development paths in the current company. Moreover, if we look at the increase in the 
share of the population using internet it is very clear that in Europe we do not have 
to be afraid of considering reskilling, especially in digitalization, as a real opportu-
nity that we have to take. In our experience, the employees expect the organization 
to teach them the new skills that are going to be needed. Thus, it is a Company’s 
responsibility to establish the way to assess the performance and the development 
needs. 

3 Educational Centres (VET / Universities) 

The companies are eager to establish partnership agreements with VET institu-
tions/Universities to collaborate in the training of the students consistently with 
current industrial needs. In turn, the companies are open to help educational insti-
tutions to develop the training programs in order to align them with business needs. 
There is a clear opportunity for improvement in the gap between the current educa-
tional programs and the professional functions to be covered. Committed production 
managers in our company highlight that universities and VET centres are missing 
opportunities by not working hand in hand with companies, taking advantage of 
their production lines as actual testing laboratories to put in practise their theoretical 
lessons.
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Universities and VET institutions are full of professionals that when focused 
on companies needs can do a very good job. Their capacity to gather the concepts 
and transform them into methodologies and training processes is something really 
appreciated in the industry. The rhythm in the companies makes it almost impossible 
to take time to design “how” to develop people´s skills. This is where the educational 
centres can add more value. The mismatch between formal education and companies’ 
necessities is nothing new. What is probably new is the growing distance between 
the schools and the companies, because of the speed of digitalization. 

There are very important initiatives to address this issue. The European institutions 
are perfectly aware of this opportunity and consequently, we can see strong programs 
related to this such as the ESSA project (as a principal focus for this volume—see 
Chaps. 1 and 2 for more information on the project). 

4 Searching for the Candidates 

If there is a common scarce resource nowadays, it is time. This is not any different 
in “People Departments” in any industry, steel sector included. That is why it is 
normal to think that when we are talking about hiring, we have an important need 
to do it fast, today better than tomorrow. The pressure that the line managers put on 
the recruiters is proportional to the speed at which the business is moving. In those 
circumstances, it is easy to believe that any shortcut can be welcome, but… it does 
not work. When we are dealing with such an important task, hiring, HR partners 
must make the supervisors understand the necessity to act in due time, not before. 

One typical temptation is to hire in the local labour markets. Depending on the 
function we are aiming to cover, it can work but in a more and more globalized context, 
those offering posts and seeking talent might open their minds to candidates located 
further afield. Searches over greater distances are possible today and much easier 
than some years ago, when it was much more difficult to find relevant information, 
and job opportunities were traditionally shared across paper media, e.g. newspapers. 

There are many opportunities to explore the internet and the candidates are now 
more open to work in a different geographical area if the project is worth taking 
(depending on the culture). Companies need to open their search channels to these 
digital environments either by learning themselves how to do it or by means of third 
parties. A recommendation for HR Departments could be to manage these strategic 
tasks internally if they can. The hiring function is one of the most important ones in 
our HR Departments, so it makes sense to drive it with internal resources. There are 
also different ways to do it according to local culture. 

The more we enlarge the pool of candidates when we start the hiring process, 
the more likely will be the success of finding the perfect candidate. It will be more 
feasible to find a better candidate if we start from a pool of 1000 than if we have to 
count on just 10 of them in the first stages of the recruitment process. When we share 
these thoughts with our recruiters, they consider this as something just aspirational, 
especially in certain geographical areas where mobility is not an option. We need
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to have our minds open to embrace candidates from unexpectedly far away cities. 
Young people are moving for different reasons than previous generations and mainly 
for the sake of the project or the purpose more than for pure geographical matters. 

However, there are many barriers to the mobility of people: language, local poli-
cies, and economic reasons for instance. Some of them are manageable some others 
are more challenging. But what is clear is that the world is becoming more and more 
connected and even now that we have just suffered heavy restrictions because of 
Covid-19 we can foresee that globalization is not going to stop because of mobility 
issues. The conclusion then is that globalization can be an opportunity. 

5 Quality First 

When talking about hiring, excellence should be the standard. The costs of hiring 
are huge and the costs of bad hiring are even larger. It is not acceptable to hire fast 
because the business is in a need to cover a position quickly. The HR people must 
feel comfortable challenging their counterparts if for any reason the priorities are 
not clear enough for them. In addition, it is not acceptable to face a hiring process 
without a robust methodology behind it. Some managers used to believe that they 
were the best recruiters because they had a very good gut feeling, and they trusted 
their instinct. Obviously, this is a misconception. 

We need to consider many things before we face a hiring process. It is fair to know 
that it takes time. And it is one of the most important decisions in a business context 
comparable to the decision process of buying an asset of 500.000 e (to compare 
apples to apples 500.000 e is the investment required when we hire someone who 
will stay 20 years in the company at a linear gross yearly salary of 25.000 e). The 
costs of hiring are high; however, they are only the tip of the iceberg, compared with 
the costs of hiring badly. 

Quality is also associated with standardization. It is not fair to treat people differ-
ently in a different department or site within the same company. The same is appli-
cable to the recruiting function. That means that the hiring process needs a robust 
design and better if it is shared throughout the business. To do so it is necessary 
to involve the right people, namely the future users of the design/system. Adopting 
agile ways of working implies taking into account the opinions and suggestions of 
final users (normally the Human Resources professionals) to build the process itself. 
It will give them a higher sense of ownership and will provide valuable input to the 
final design. 

Cultural change is on top of the aspects that need to be considered when we 
plan an upgrading of our hiring process. The most perfect process with the perfect 
training and communication plan, supported by the best tools in the market, can 
derail if we naively believe that people with different backgrounds, local business 
needs or different cultural roots will embrace it spontaneously. It is not possible to 
standardize any process without digitally supported sub-processes. The more data we 
manage, the stronger should be the digital system that is behind it. It is not only the
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candidate´s information but also the different stages of the process, and the people 
that are participating in different moments. This generates more and more data that 
needs to be available. If we add information to the hiring process, that information 
must be accessible in the smartest possible way. 

In any hiring process, we need to start defining who has to approve it; then, we 
must follow up with the internal agreement with the line manager regarding what 
exactly is the request. Once these steps are clear we must first search the market 
with a clear enough job posting in as many channels as possible. The idea is to build 
the biggest possible pool of candidates to increase the possibility of finding the best 
one. The screening process and data generated need digitalization, otherwise it will 
be impossible to manage. Once we have the shortlist of candidates, the documents 
generated in the interview phase must be shared in a single storage place available 
to all the stakeholders. Obviously, this process is a digital one. The final decision-
making processes and every support document will be digitally shared, as well as 
the welcome and induction process. 

The recruitment process does not finish once the candidate is on board. The first 
day of the newcomer’s employment is the moment when we are going to check how 
good we have been in the hiring process. It is possible to measure the unexpected 
turnover, which is one of the key performance indicators in the recruiting function. 
If we do not measure what we do in HR Departments, we will not be taken seriously. 

6 New Recruitment Processes Versus Old Recruitment 
Processes 

Not many years ago, you could find the following characteristics related to the hiring 
function: 

The process was based on paper (curricula stored in paper in a file cabinet), part 
of the recruitment process was outsourced (or it all if the company was not big 
enough), and access to recruitment portals was done outside the company’s systems. 
It was also possible that the hiring request had no specific job description behind 
it. Regarding the role of Hiring Managers, they could share with the recruiter just a 
vague idea about their expectancies and not be challenged by the HR Department. 
Regarding the candidates, most of them were local, thus very little mobility. 

The interviewers had no specific guidelines about the interview itself, mainly 
depending upon their experience and the decisions were taken by one or a maximum 
of two people. The consequence of this could be a high (not wished) turnover. At 
the end of the day, the results of these practices were uncertain. Nowadays the best 
practices in modern companies are based on these new principles: A hiring request 
with an approval workflow (digitally supported). The existence of the Job Descrip-
tion/Job Profile at the beginning of the hiring process once it has been approved. 
This Job Description has to be reviewed through a formal contact with the Hiring 
Manager to fine-tune the search. The publication of the offer internally and externally
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(Corporate WEB, Job Boards…) is the next step. The fact that we offer internally 
every job opportunity is crucial to improve internal talent development and internal 
opportunities. The screening of candidates in the internal database plus candidates 
from Job Boards is an important part of the process. 

Apart from the interviewers’ point of view, it is more than recommendable to 
count on some surveys (cognitive, values, behavioural and emotional intelligence) 
to generate data. These surveys will be a powerful tool to compare objectively the 
different profiles. In the interview, it is necessary to check the competences identified 
in the profile. All of this will take us to a more robust decision based on different 
criteria. Last but not least, special relevance has the welcome and induction of the 
new professional. All these process requirements are possible if HR professionals are 
granted digital support. There are many solutions in the market to perform the hiring 
process in the companies. Depending upon the available resources, the systems have 
a different level of integration, but it is always necessary to do this in a digital way. 

When it comes to the hiring request, it is necessary to have a clear idea from the 
beginning. We have to make the approval process easy and agile. It will be necessary 
to have the whole database of our people integrated with the hiring process platform 
in order to make it as smooth as possible. The job description with the competences 
associated to that function should be available electronically to make a smooth hiring 
process. Not doing it this way will mean we have to define the job every time we 
need to hire and this delays hiring. 

When we talk about job description, we are not thinking of “rocket science”. We 
need to know “briefly” the mission of the position/function, the main magnitudes 
associated, the environment of the position, who this professional is going to interact 
with, the competences associated (just 10 to 15 competences) and of course the 
accountabilities and educational/experience background requested. The competences 
in the job description are the base for preparing the interview. We need to explore 
the candidate´s expertise based on the competences that are relevant. The dialogue 
with the potential newcomer is about the facts that justify that the candidate has the 
necessary competences. 

If the job description is good enough, we would have done most of the designing 
part of the hiring process. Otherwise, we will have to fine-tune it with our internal 
customers to gather the information missing to know exactly what skills we are 
looking for. The involvement of the hiring manager from the beginning and digital 
documentation of the briefing about her/his expectancies will save time in the future 
and will guarantee to do it well at the first trial. To have this conversation as a standard 
is not a “nice to have” part of our hiring process. HR professionals do not have 100% 
of the information needed to do the right recruiting. When the hiring manager is 
aware of the importance of this part, he/she becomes our best ally in this crucial part 
of our job. 

Until this moment, we have not published any offer externally. Each of the previous 
steps require a robust digital system. All our recruiters or managers involved in the 
hiring will need to be experts enough to participate without no major headache. 
Is it possible? It has to be! There is a cultural aspect that needs to be managed.
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Moreover, it is necessary to know that this process will be applied for non-specialized 
professionals and it is necessary to make it accessible. 

Talking about the next steps, once we have a very clear idea of what type of 
professional we are looking for, we need to make it as visible as possible within 
the organization and outside. It is important not to forget the internal offer: to offer 
internally first, or simultaneously, all our hiring opportunities is not only good practice 
but a source of good news many times. It is always important to take into account 
that the necessity rises when it is urgent. Therefore, the pressure on the recruiters and 
the push of the hiring managers will be our business as usual. This is not obviously 
a good practice but it is a matter of fact. A way to avoid this is to include in the 
Strategic reflection a special chapter related to talent needs. It could be deployed at 
the most detailed department level and we could plan the talent hiring in advance. 
The more automated the next steps are, the faster recruitment goes, and the easier 
we will provide the business with the much-desired candidate. 

The job offer should come from a good job description and will reflect what the 
candidate needs to know about us and mainly the tasks to be done once he/she joins 
the company. It is not so unusual to see nowadays people that have no clear idea 
about what the company wants them to do. It is a basic, not only for recruiting but 
also for development. If we cannot have the job description as the reference, we will 
never know how to assess the performance of our people and what direction has to 
be taken to provide development actions. 

7 Taking Advantage of the Social Networks to Share Our 
Employee Value Proposition 

Companies are more and more transparent, not only because of the fast way to 
share information but because of the possibilities offered by the World Wide Web 
to make them closer to customers or candidates. Facebook, LinkedIn, Instagram, 
and company portals are normally sites where the main messages have to be shared. 
Candidates can find out if a company matches with their expectations according to 
what the company shares about itself on social networks. Good candidates do the 
homework in advance and study what the company can offer before they formalize 
their application. The talent is having the opportunity to decide what a company can 
offer and it is good for everybody. 

The company institutional page has to be updated and the follow up of the impact 
on the market is a must in any communication department. The employee value 
proposition or even the employer value proposition are powerful tools to develop the 
appeal of a company. The messages have to be easy to understand and necessarily 
close to the actual reality. The word of mouth is still alive but in a different channel. 
There are many possibilities to let society know who we are and recently born 
functions like Community Manager make it possible. It is not a one-shot deal but a 
daily activity that has to be integrated as business as usual.



Recruitment and Training and the Dynamics of Digitalization 137

8 Learning and Development 

As stated, the ending and starting point of the recruiting process is the first day of 
employment. It is a must to share with the newly hired workers what the company 
wants them to do and what they are paid for. This is as simple or as complicated as 
to have a good job description, which has to be public and easily accessible to the 
professional but also to everybody else. And this document is not an isolated one. 
The job description has several links with other parts of the cycle of people’s life: 
recruiting, development, performance, talent and succession. So, it is clear that either 
it is shared with the same and single point of access or the whole people architecture 
would not work. 

None evolving jobs are a thing of the past. It is necessary to close the skills gaps 
assuming that they will exist sooner or later. In our VUCA World, the jobs can 
change so they must be updated. A number of people need to have access to the 
job description and they need to have the possibility to enrich it collaboratively. Of 
course, the approval workflows have to be taken into account but it must be open 
enough to always have a fresh version adapted to the reality. With the job description 
as the starting point it is necessary to establish a routine of gap analysis between 
the competences identified and the professional performance. This analysis must be 
paperless. The system has to work for the supervisors not the other way around. If 
supervisors have easy access and intuitive tools they will use them. 

The tool needs to have all the information at the same moment of the assessment. 
The supervisor and the professional need all the information available while they 
hold their assessment interview and discuss about the competences and the grade to 
which that competence is developed. Once we have identified the development needs, 
the next step is to design the development plan. Learning is traditionally associated 
with classroom training activities. In our experience, those types of development 
actions are less effective. On the job experiences or involvement in projects is by far 
the main source of development. Coaching and mentoring actions would be the next 
in order of importance. 

We not only rely on the classic learning in a classroom. In our experience, people 
integrate the learnings better if they do it on the job. If we go for job experiences 
it is not necessary to be very sophisticated, a simple multiskilling matrix can be 
a very good tool to guarantee the development of our people and a way to reach 
our business needs. The day-to-day business requests professionals to be able to 
work in different roles. A multiskilled team could work smoothly in situations of 
absenteeism or people dedicated to different projects. What supervisors want is to 
have the flexibility to arrange the shift easily with the people that they have on board. 
Programmes such as excel are not the solution, we need tools connected with our 
previously defined job descriptions to have the possibility to monitor in real-time 
how our inventory of talent is aligning with the multiskilling matrix. 

Coaching has moreover, to be a tool to be spread. There is no better coaching 
session than in person. Having said this now we know that it is also possible to save 
time and money by doing it remotely. We could have the best coaches if we are
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brave enough to start doing it in front of our screens. And the possibilities to explore 
aggregated information coming from a major database of coaches will provide better 
raw material to take decisions in development areas. Where are the best available 
trainers? They are normally in-house. The problem is that our people have the knowl-
edge but they are not the best trainers because of the lack of a “train the trainers” 
methodology. In a nutshell, we have the best trainers with non-confirmed training 
skills. 

The natural and fast temptation is to outsource this important activity. It means 
an important investment that has no return for the simple reason that the expertise as 
trainers is not developed in-house. It can be another interesting action to teach our 
experts on the methodology of training. That is actually a profitable business. It is 
not only that we save money in the long term but also an interesting consequence for 
the development opportunity that we provide to our people, just by showing others 
how good they are in their respective responsibilities. 

And this part is not very digital related, but the opposite. People are starting to 
miss the traditional training where it was possible to socialize, network and learn with 
more presence. It is always possible to combine remote training and take advantage 
of digital communications to create blended programs where part of the audience is 
in one room while others are split in different locations. Virtual training, synchronous 
or asynchronous training activities, self-paced development actions, this is becoming 
more and more the trend in the digitalization of the training activities. It is important to 
find the right approach and keep face-to-face training when necessary. Some benefits 
of classic training are difficult to provide with digitalization. It is important then to 
decide what type of training is good depending upon the development objectives. 

Without any doubt, our recent experience with the Covid-19 pandemic has brought 
some beneficial news. We have learnt to work remotely in an incredibly short period of 
time. At the same time, we see that we can improve productivity by reducing face-to-
face meetings. There are other positive side effects like the possibility to democratize 
development activities like coaching by doing it remotely. The possibility to launch 
synchronous or asynchronous training programs for a bigger number of attendees by 
doing it with social distance (teams, zoom….) is another unexpected positive result. 
Some of these opportunities need development. 

Remote working needs a long-term policy to make it possible even after pandemic 
times. It has been confirmed that it is good and positive for companies and profes-
sionals, so it is worth it to dedicate time to set the principles. With a special focus on 
digital skills and digital resources, it is necessary to define the polices accordingly 
(kpi´s, meetings, collaborative work). It is necessary to provide our people with the 
necessary tools to work in this new context where not everybody is under the same 
ceiling. 

There is one risk: the inflation of non-productive remote meetings. The fact that 
it is possible to make them easier than ever means that it is necessary to think twice 
before inviting someone to our meetings. It is like a natural evolution from the 
analogic way of doing things to the digital one. It was possible before but maybe the 
pandemic has forced companies to do it in an agile way. What started as a temporary 
solution is becoming a long-term one. It is incredible the time we are saving by doing
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things differently. A virtual coach session allows the coach and the coachee to be 
working in a different task until the very last minute before the session. Just because 
of that, it is worth it. 

A side effect has to be taken into account: The disengagement sensation that can 
affect remote workers might eventually appear either in a coaching activity or in 
remote training. Thus, it is necessary to train the coach and the trainer in techniques 
to keep the people engaged. It is no longer convenient using boring powerpoint 
presentations with the trainer reading an impossible to see slide with plenty of small 
characters. Presenting with passion is now more necessary than ever. 

9 Conclusion 

In this chapter, I have reflected on my experience of the recruitment process within 
a major steel company and the challenges and opportunities brought by an increas-
ingly digitized human resources process, and a changing steel industry. The ESSA 
project flags up the latter challenges in terms of skill needs and wider developments 
of digitalization and decarbonization: the twin challenges referenced often in this 
volume. It is important that steel companies respond effectively to recruit and train 
the best talent—we know that the industry struggles to recruit young people because 
the industry image is poor—and utilize all new digital recruitment developments to 
good effect. 
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The Cold Rolling Industry: Demographic 
Changes and Further 
Challenges—Impacts on the Workforce 
and Current Status of the KaWaGi 
Project 

Martin Kunkel and Nicole Rudolf 

1 Introduction: The Cold Rolling Industry in Germany 
and Europe 

The cold rolling industry is a steel manufacturing industry and it has developed into 
an innovative and modern supplier industry over the past decades. It is primarily 
characterised by small and medium-sized companies (SMEs) especially in Germany 
(European Commission 2020), but also in Europe and they are mainly family-owned. 
The Fachvereinigung Kaltwalzwerke e.V., the German Cold Rolled Narrow Steel Strip 
Association, and the CIELFFA, the European Federation of the National Associa-
tions of Cold Rolled Narrow Steel Strip Producers and Companies, comprises SMEs 
as three quarters of its membership.1 The cold rolling industry is of enormous impor-
tance for the automotive industry, for mechanical engineering and for general metal 
processing. The automotive and automotive supply industry alone accounts for more 
than half of the shipping volume of the member plants of the Fachvereinigung Kalt-
walzwerke e.V., followed by general metal processing with a quarter of the total 
demand for cold-rolled strip steel. About 15% of the production volume flows into 
mechanical engineering and the electrical industry.2 

1 Own calculations of the Fachvereinigung Kaltwalzwerke e.V. based on membership numbers and 
structure. 
2 Own calculations of the Fachvereinigung Kaltwalzwerke e.V., .
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Cold strip or cold-rolled steel strip is a flat product that has undergone a cross-
section reduction of at least 25% by cold rolling and is wound up into a roll (coil). It 
has a significantly higher stability than untreated steel and enables the production of 
perfectly fitting precision parts. As a semi-finished product, highly specialised cold 
rolled strip is an important starting product for a wide range of processing options 
in the above-mentioned customer sectors. It is used in cars, for example, in seat 
rails, windshield wipers and as parts in the engine and transmission. Cold strip is 
also used in construction and furniture fittings, as hinges and as running rails in the 
construction and furniture industry, to name just a few further possible applications. 

A look at the delivery volume of the member plants of the Fachvereinigung Kalt-
walzwerke e.V. and the CIELFFA shows healthy growth over the past years. The 
shipment volume recovered in the years following the steel crisis in 2009, which 
meant a dramatic drop in demand for the entire steel industry and amounted to 
around 2.13 million tons for all CIELFFA members in the year 2018. Only the year 
of crisis in the automotive industry in 2019 and the economic slump in 2020 due to 
the pandemic led to a drop in the shipment volume for cold rolling mills in 2020 by 
around 13.5% in 2020 compared to the previous year.3 With their global orientation 
and international competitiveness, the cold rolling industry generates a stable export 
volume, which developed for German mills in the past years with an almost constant 
share of around 30 to 35% in proportion to the total shipment.4 

In the following, we first outline the cold rolling industry with its special position 
in the value chain as well as the challenges it is facing today and in future. We hereby 
describe the effects of digitisation and demographic changes in cold rolling mills. 
Secondly, we present the project KaWaGi which has been launched as a response to 
these challenges. Here we describe some exemplary project results of the age structure 
and stress analyses, followed by an overview and outlook of possible personnel 
development projects. 

2 Challenges in a Modern Supplying Industry 

It is to mention that the cold rolling industry as an independent supply industry has a 
sandwich position in the market. Especially the automotive sector has very powerful 
customers with its OEMs (Original Equipment Manufacturer) on the one hand. On 
the other hand, cold rolling companies buy their raw material mostly from large steel 
producers. For the predominantly independent and medium-sized companies in the 
cold rolling industry, this position is often associated with difficulties in asserting 
their own interests, whether in price negotiations or with customer requirements.

3 Own delivery statistics of CIELFFA. 
4 Own delivery statistics of Fachvereinigung Kaltwalzwerke e.V. 
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In addition to this position and the resulting difficulties the cold rolling industry is 
currently confronted with two problems or challenges5 :

. The demographic change in the workforce means that the competitiveness of 
companies must be secured with older employees. Important fields of action are 
the age-appropriate design of work processes in order to maintain employability 
and competitiveness.

. Technological development such as Industry 4.0 leads to changes in forms of work 
and requires new competitive strategies and new customer–supplier relationships. 
This makes targeted qualification measures necessary, for example. 

The challenge for companies is to use the development potential of digitisation and 
to implement a health-promoting work design. The aim from the cold rolling perspec-
tive is to promote the ability of employees to work and to ensure the competitiveness 
of the cold rolling industry in the face of demographic change. 

The cold rolling industry as a supplying industry depends above all on innovative 
product development and production without friction losses in order to survive on 
the market. New developments and trends on the market require constant adaptation 
of the products to market requirements. Here the transformation to electric power 
trains in the automotive sector for example forces cold rolling mills to adapt products 
and to develop new applications. 

3 The Status Quo in Cold Rolling Mills and the Need 
for Action 

Cold-rolling companies show highly demanding working conditions. Especially in 
production, working conditions are extremely demanding, physically and cognitively, 
due to continuous shift systems and the complexity of the production processes. 
A large part of the employees work in alternating and night shifts as well as in 
weekend work. At the same time, the industry is characterised by a high proportion 
of older employees.6 The demographic change is also and above all evident in the 
steel industry and steel processing industry (Hans-Böckler-Stiftung 2007).7 High-
quality and innovative products as well as the smooth running of the underlying

5 Cf. Fachvereinigung Kaltwalzwerke e.V., BIT e.V.: Projektskizze – Die Herausforderungen des 
demografischen Wandels in der Kaltwalzindustrie gestalten innovative Unternehmen und gesunde 
Beschäftigte gemeinsam, p.3 https://www.fv-kaltwalzwerke.de/index.php/das-produkt-kaltband. 
6 The proportion of the age group 50 plus is disproportionately high. In two cold rolling member 
companies, examined as examples, the average age is between 48 and 50 years. The share of those 
in the age of over 50 is between 57 and 59 percent. 

Cf. BIT e.V.: Intermediate results of analysis of exemplary age structures from cold rolling mills, 
KaWaGi-project, Presentation and Excel-File, 06.05.2021, 30.05.2021. 
7 Cf. BIT e.V.: Den demografischen Wandel in der Eisen- und Stahlindustrie gestalten -– eine 
Handlungshilfe zur alter(n)sgerechten Arbeitsgestaltung, p.13; Cf. Hans-Böckler-Stiftung (2007): 
Die Eisen- und Stahlindustrie im demographischen Wandel, Projektbericht, p. 14 et seqq. 

https://www.fv-kaltwalzwerke.de/index.php/das-produkt-kaltband
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processes and services are in turn dependent on qualified employees. Technological 
developments such as ongoing digitisation processes are leading to a change in forms 
of work and workloads—causing an increase in the requirements and qualifications 
of employees.8 

Against the background of demographic change, the change in work design and 
the necessary adjustment and expansion of the qualification level of the workforce 
is under pressure from several points of view9 : 

– The proportion of company top performers is increasingly focused on a growing 
proportion of older employees in cold rolling mills. 

– The participation rate of aging employees in inhouse-company training tends to 
fall from the fifth decade of life. 

– The health burdens in continuous shift systems affect, above all, an aging 
workforce. 

– The comparatively low attractiveness of the industry (the steel industry in general 
and the cold rolling industry in particular) for young professionals exacerbates the 
personnel problems in the industry. The challenge of recruiting enough qualified 
junior staff is made even more acute by the fact that the cold rolling industry is not 
well known and that smaller cold rolling companies in particular lack professional 
recruitment strategies. 

The challenge for the cold rolling industry is above all to secure the employability 
and the innovative potential of their aging workforces by personnel development 
measures which should also focus on semi-skilled and unskilled workers as well as on 
those with disabilities. In this way, the industrial jobs in this sector are to be preserved 
in the long term and the locations of the cold rolling mills are to be strengthened as 
industrial locations. In order to master these challenges the project KaWaGi which 
is described in the following has been launched. It uses work-scientific knowledge 
and instruments that have been tried and tested in practice. 

4 Project KaWaGi in Cold Rolling Mills 

The project KaWaGi10 is carried out in cooperation with the Vocational Research and 
Consulting Institute BIT e.V., Germany. The project duration was from April 2019 to 
September 2022. It is funded by the German Federal Ministry of Labour and Social 
Affairs and the European Social Fund. Beside several foundries, five German cold 
rolling mills have been participating in the project. In these cold rolling mills, the age

8 Cf. Fachvereinigung Kaltwalzwerke e.V., BIT e.V.: Projektskizze – Die Herausforderungen des 
demografischen Wandels in der Kaltwalzindustrie gestalten innovative Unternehmen und gesunde 
Beschäftigte gemeinsam, p.4, https://www.fv-kaltwalzwerke.de/index.php/das-produkt-kaltband. 
9 Cf. ibid., p.4. 
10 KaWaGi stands for the German title‚ Kaltwalz- & Gießereiindustrie Kompetent, attraktiv und 
wettbewerbsfähig durch Arbeitsgestaltung und Innovation‘. 

https://www.fv-kaltwalzwerke.de/index.php/das-produkt-kaltband
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structure, the need for qualifications and age-sensitive burdens are to be surveyed 
and evaluated. The aim is to successfully counter the demographic and technological 
change in the cold rolling and foundry industry. The following instruments form the 
basis of the project.11 

(1) An age structure analysis shows how the age of the workforce is developing. 
It also becomes clear which key personnel are leaving, when it is leaving and 
which personnel policy measures are necessary in order to keep the practical 
knowledge in the company. In connection with the qualification requirement 
analysis, it can be identified whether and which core competencies are lost when 
older employees are leaving the company. Moreover, the analysis can show 
whether an unforeseen failure of individuals endangers important production 
and service processes. 

(2) The skill requirements analysis is used to determine the current status of the skills 
of the employees on the one hand. On the other hand, the present qualification 
requirements and future developments are described and evaluated. Above all, 
this analysis should also specify the requirements caused by the advancing 
digitisation. In addition to the need for qualification, it also becomes clear which 
employee potential is not being used. A workload log is intended to provide 
information on whether and, if so, which job change could make sense. 

(3) A stress analysis provides information on physical and mental stress which can 
have health-endangering effects for the workforce. 

The project includes the internal target groups, who bring in their experience 
and their qualification wishes and concerns, such as employees, executives, human 
resources managers, specialists in occupational health and safety and members of the 
works council. There are various fields of action and measures which are important, 
like health- and learning-promoting as well as age-appropriate and participation-
oriented work design with appropriate qualification measures. Furthermore, the 
project intends to establish and promote an appreciative leadership culture and lead-
ership behaviour on the management level. On the worker’s level, an increase in 
operational flexibility and the ability to change jobs should be achieved by devel-
oping new key qualifications and competence resources. Hereby the development of 
aging and health competence on all levels is relevant too. Therefore, the project also 
focuses on measures of occupational health promotion. Finally, it must be checked 
and ensured that measures are sustainable.12 

11 Cf. Fachvereinigung Kaltwalzwerke e.V., BIT e.V.: Projektskizze – Die Herausforderungen des 
demografischen Wandels in der Kaltwalzindustrie gestalten innovative Unternehmen und gesunde 
Beschäftigte gemeinsam, p.5-6; BIT e.V.: Den demografischen Wandel in der Eisen- und Stahlin-
dustrie gestalten -– eine Handlungshilfe zur alter(n)sgerechten Arbeitsgestaltung, p. 9-10 https:// 
www.fv-kaltwalzwerke.de/index.php/das-produkt-kaltband. 
12 Cf. Fachvereinigung Kaltwalzwerke e.V., BIT e.V.: Projektskizze – Die Herausforderungen des 
demografischen Wandels in der Kaltwalzindustrie gestalten innovative Unternehmen und gesunde 
Beschäftigte gemeinsam, p. 6-7https://www.fv-kaltwalzwerke.de/index.php/das-produkt-kaltband.

https://www.fv-kaltwalzwerke.de/index.php/das-produkt-kaltband
https://www.fv-kaltwalzwerke.de/index.php/das-produkt-kaltband
https://www.fv-kaltwalzwerke.de/index.php/das-produkt-kaltband
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Total 

Fig. 1 Total age distribution of all employees in per cent of an exemplary small cold rolling mill 

5 Exemplary Age Structures in Cold Rolling Mills 

Project results of the age structure analyses excellently show the progressing demo-
graphic change in cold rolling mills. In the project the age structures of three cold 
rolling mills have been evaluated, one small company with 30 employees and two 
medium-sized companies with 61 and 270 employees. The average age in the two 
examined smaller companies is 48.2 and 49.9 years. The share of those over 50 is 
59 or 57% and around one-third of the staff is going to retire in the next five to ten 
years. This presents a high risk of loss of experience and knowledge and a need for 
action. 

The age structure in the larger cold rolling mill with 270 employees is not as 
strained as in the other two companies. The share of employees older than 50 is 35% 
and the average age is 44.3 years.13 

The following example of one exemplary small cold rolling mill makes the 
problem of the aging workforce very clear. It shows the age distribution in three 
selected work shifts in this company. The work area of the company shown below 
works from Monday to Friday in 15 shifts. The following chart shows the overall 
age distribution of the exemplary cold rolling company. It has 30 employees, 57% 
of whom are over 50 years old. The average age amounts to 49.9 years (BIT E.v. 
2021a) (Fig. 1).14 

The following charts show the detailed age distribution in three work shifts 
(Figs. 2, 3, 4, and 5).

The above-mentioned figures of a small cold rolling mill show a relatively high 
share of employees older than 50 years. In shift 3 the proportion even amounts to 
71%. Due to the aging workforce and the retirement of older people in the near future 
such a company is working with an extremely tight staffing level. The problem may

13 Cf. BIT e.V.: Intermediate results of analysis of exemplary age structures from cold rolling mills, 
KaWaGi-project, Presentation and Excel-File, 06.05.2021, 30.05.2021. 
14 Cf. BIT e.V.: Interim report on the results and activities of the KaWaGi project, 23.02.2022, p.1-2. 
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shift 1 

Fig. 2 Age distribution in shift 1 

shift 2 

Fig. 3 Age distribution in shift 2 

shift 3 

Fig. 4 Age distribution in shift 3
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Shift 1 Shift 2 Shift 3 Total 

Proportion of 

employees older than 

50 years 

57% 50% 71% 57% 

Amount of employees 7 8 7 30 

Average age in years 51.6 51.9 51.8 49.9 

Fig. 5 Age distribution in three selected work shifts of small cold rolling mill

be compounded as it becomes increasingly difficult to recruit suitable workers. The 
age structure analysis is a very important instrument and informing fields of action 
for the personnel planning and development in the company, especially against the 
background of the demographic change.15 Cold rolling mills get a comprehensive 
overview of the composition of their workforce in terms of age. The analysis enables 
indications of employment risks, possibly also in connection with working days lost 
due to illness. 

6 Relatively High Stress Levels for Older Employees 

If employees do the same job for many years, the result is age- and work-related 
wear and tear. In some examined companies this aspect leads to double-digit sick 
leave rates, especially in the case of age-centric workforces and due to long-term 
sickness (BIT E.v. 2021a).16 In addition, stressors from the working environment 
(e.g. noise, heat, high temperatures in summer, insufficient lighting, smoke and dust) 
have a demanding effect. For this reason, companies participating in the KaWaGi 
project are supported within the project in setting up or optimising an inhouse occupa-
tional rehabilitation management17 or if necessary, in developing and implementing 
sustainable integration measures for employees who have been ill for longer than 
6 weeks. The aim is to offer support at an early stage to people who are already 
ill and to reintegrate them efficiently into working processes. This is an important 
contribution to remain competitive also with an older getting workforce.

15 BIT e.V.: Den demografischen Wandel in der Eisen- und Stahlindustrie gestalten -– eine 
Handlungshilfe zur alter(n)sgerechten Arbeitsgestaltung, p. 7, 9. 
16 Cf. BIT e.V., Interim report on the results and activities of the KaWaGi project, 23.02.2022, p.2. 
17 The inhouse occupational rehabilitation management, called BEM – Betriebliches 
Eingliederungsmanagement in German is legally anchored in Sect. 167 Paragraph 2 of the Ninth 
Book of the Social Code (SGB IX) in Germany. It stipulates that an employer must offer a BEM to 
all employees who are uninterruptedly or repeatedly unable to work for more than six weeks within 
a year. 

Cf. Federal Ministry of Labour and Social Affairs, https://www.bmas.de/DE/Arbeit/Arbeitssc 
hutz/Gesundheit-am-Arbeitsplatz/betriebliches-eingliederungsmanagement.html. 

https://www.bmas.de/DE/Arbeit/Arbeitsschutz/Gesundheit-am-Arbeitsplatz/betriebliches-eingliederungsmanagement.html
https://www.bmas.de/DE/Arbeit/Arbeitsschutz/Gesundheit-am-Arbeitsplatz/betriebliches-eingliederungsmanagement.html
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Negative aspects of the management culture such as insufficient employee partic-
ipation in changes at their own workplace, insufficient feedback on the quality of the 
work (“nothing said is praise enough”) or frequent time pressure lead to a feeling of 
lack of appreciation. Here, too, the KaWaGi project comes into play by providing 
targeted training for managers and by drawing attention to any leadership deficits. 
Moreover, tight staffing levels combined with high levels of sick leave increase 
workload and time pressure. As a result, there is less time for induction, training and 
qualification of the employees. This in turn has an impact on the quality of the work 
results and can lead to lower availability of machines and systems (through more 
time required for troubleshooting e.g.). 

7 Holistic Risk and Stress Assessment in Cold Rolling Mill 

With the holistic risk and stress assessment, deficits in the working processes that 
lead to high physical or mental stress on employees and managers become visible. 
The physical stresses are associated with the individual activities in a cold rolling 
mill and they are categorised in three risk classes in a workplace register (see figure 
below). The analysis has been carried out for an exemplary cold rolling mill (BIT 
E.v. 2021a).18 

The following risk classes with respective colours and abbreviations are used in 
the model. 

risk class 1; no overstress/overstress is unlikely 
risk class 2; possible/probable overstress 
risk class 3; overstress is very likely 

X no stress in this activity 
Assignment to one of the risk classes follows the use of specific analysis tools 

that are appropriate for the stress under review. Different physical and mental stress 
categories require different instruments with often unique scales that are used and 
afterwards translated into the risk classes. 

For categories like for example lifting, holding, carrying and moving of loads 
the amount of the load and the duration of the handling of the load are evaluated. 
This is done by observations and measurements that lead to an assessment of the 
stress and the corresponding risk class while other categories like different mental 
stressors additionally need interviews or questionnaires to capture the amount of 
stress associated with a work activity and translate the results into a risk class. These 
results are afterwards recorded in a holistic workplace register. 

The following table is an exemplary part of a workplace register where only the 
stress levels for different physical activities at different facilities are shown. The 
complete register would show all the physical and mental stressors recorded for 
every work activity (Fig. 6).

18 Cf. BIT e.V., Interim report on the results and activities of the KaWaGi project, 23.02.2022. 
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Fig. 6 Workplace register in an exemplary cold rolling mill 

The figure shows that all five work activities offer enough opportunities for load 
changes within the shift and a good sequencing of load types. But there are still 
some high risks associated with operating the furnace or the shear. A high risk from 
locomotion by walking, climbing and crawling can result from missing opportunities 
to sit even for a short time during a shift. Operating the shear is associated with high 
stress due to the manual handling of loads. 

8 Results of the Analysis of the Qualification Matrix 
and from Company Feedback 

By evaluating the already existing qualification matrix and by further feedback 
from the exemplary company, it becomes clear that many activities are semi-
skilled activities. Only limited formal qualification is needed for such activities. 
Employees are often trained on the job while benefiting from the experience collected 
while executing these activities. This constellation leads to considerable differences
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between novices and long-term employees in the efficiency and efficacy of execu-
tion. Many, especially long-term employees have a wealth of experience due to their 
many years of work at their workplace. However, the flexibility of these employees, 
measured by the number of different work activities they can perform, is limited. 
There are also health-related restrictions of some employees. Overall, the activi-
ties are not very conducive to learning and there are hardly any opportunities for 
development. 

In summary, the situation can be described as follows (BIT E.v. 2021a)19 :

. There is a high average age among employees, especially at the belt furnaces.

. There are some employees with reduced performance and a high level of sick 
leave.

. There are high individual workloads on several machines and a high physical 
strain on employees.

. There is further stress caused by the working environment (heat in summer, drafts, 
dust).

. In general, the work involves little room for manoeuvre and hardly any 
opportunities for development.

. There is psychological stress (e.g. caused by the lack of participation, the partly 
low appreciation of work, one-sided feedback on the quality of work).

. Frustration, demotivation and partial resignation of the employees are conse-
quently noticeable. 

9 Personnel Development Projects Can Help to Master 
the Demands of the Future 

Working in a three-shift system with high physical and work-related psychological 
stress and few development opportunities make these jobs less attractive, also for 
young professionals. However, the companies involved in the project urgently need 
these younger workers. Regular job rotation can be an approach to reduce one-
sided burdens and enabling development careers. In addition, training concepts are 
developed in the framework of the project that enable new employees to be trained 
quickly. Personnel development concepts should, initially as a pilot project, reduce 
one-sided physical strain and lead to flexible use of employees in different activities. 
It is also being examined to what extent a rotation to related work areas would open up 
further development opportunities for employees and improve the attractiveness for 
young specialists and managers. Qualification matrices which are linked to the age 
structures and tailored to the respective needs of the companies have been developed 
and adapted within the project. In order to get employees more involved, to appreciate 
their experience and to promote cooperation on a level playing field with managers, 
moderated working groups serve to jointly develop and test tailor-made measures 
to reduce physical stress. Parallel to these activities already described, managers

19 BIT e.V., Interim report on the results and activities of the KaWaGi project, 23.02.2022. 



152 M. Kunkel and N. Rudolf

are supported within the project in reflecting on management deficits perceived by 
employees and in changing their management behaviour (BIT E.v. 2021a).20 

Overall, the participating cold rolling mills should learn to master the described 
requirements themselves in the sense of ‘helping people to help themselves’. Internal 
actors get a holistic view of the interaction of stress and dangers, qualifications and 
age structures. They gain experience of how stress factors from the work system 
can be determined and assessed together with employees and managers through 
questionnaires, interviews and observations. In short: the participating plants are 
beginning to strengthen their own organisational resilience. The Vocational Research 
and Consulting Institute BIT e.V. accompanies the plants in this project and process. 
It qualifies, advises and coaches project employees, managers on different managing 
levels, the workers’ council, specialists for occupational safety, Human Resources 
managers in the participating cold rolling mills by conducting training courses and 
workshops on all these aspects (BIT e.V. 2021b).21 

The described KaWaGi project is a good example how the cold rolling industry is 
meeting demographic change and the challenges of increasingly demanding working 
conditions in cold rolling mills. In order to be able to continue to survive in interna-
tional competition, small and medium-sized companies in particular have to make 
optimum use of human resources and undertake personnel development measures. 
Not only does the company benefit from this, but also every single employee, as 
unused skills and potential are recognised and employee satisfaction is promoted. 
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Attracting Talents to the Steel Industry 

Veit Echterhoff, Peter Schelkle, and Stefan Cassel 

1 Introduction 

The transformation of the European steel industry is to be led by science, technology 
and innovation and requires social consensus. To succeed, the industry requires the 
right people who will drive these changes and ensure their success: the steelworkers 
of the future. In this decade, the steel industry workforce is undergoing unprecedented 
demographic change. The age structure in most European steel-producing companies 
is such that more than 25% of the workforce will leave the industry in the period 
2020–2030. To ensure competitiveness attracting talents to the EU steel industry is 
vital. 

In the following, we use the term ‘talents’ in a broad sense, i.e. we will neither 
reduce the term to a specific European Qualifications Framework (EQF) level nor 
age group. Rather, the term describes a group of people usually with high academic 
attainment that possesses the necessary knowledge, skills or expertise to move any 
organization forward. Likewise, ‘talents’ also describes people who have the ability to 
swiftly acquire new knowledge, skills or expertise if this is required. This definition is 
oriented by Echterhoff and Schröder (2015) who delivered in their study a corporate-
oriented description of the term talents. The term refers to a junior manager identified 
by their company to be promoted within the next two years (by 2025). Usually, 
these employees are informed of the trajectory program for their personal career and 
participate in specific development measures. 

The following describes at first the challenges for the EU steel industry and 
secondly workforce labour potential in the EU. For the competitiveness of the
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industry, there is a strong need to attract qualified future employees. Recommenda-
tions to attract talents are made against the backdrop of talents’ needs and demands, 
obstacles and success factors. 

2 Challenges for the EU Steel Industry 

The European steel industry acts in a highly competitive market. The European Steel 
Technology Platform (ESTEP) describes the vision for the EU steel industry up to 
2030 anticipating major changes, many of which will be driven by new scientific and 
technological developments including digitalization, evolving customer and stake-
holder demands, and the industry’s response to the ambitious European climate goals 
leading to new processes and new products (ESTEP 2017). 

The ambition of the European steel industry is to become the most advanced steel 
industry in the world. Having already halved energy usage and CO2 emissions since 
the 1960s, the self-conception and mission of the industry is to help the EU to reach 
its Paris Agreement climate change commitments. With the support of an adequate 
regulatory framework the aim is to achieve at least 80% of carbon reduction by 
2050. This ambition is fully aligned with the EU Green Deal initiative (European 
Commission 2022). This requires a paradigm shift with regard to the established steel 
production routes. For the traditional steelmaking route there is, however, no commer-
cially applicable technology currently available to achieve such deep CO2 reductions. 
However, promising innovations and demonstration projects aiming to significantly 
decarbonize steelmaking are under way. Using direct reduction by hydrogen seems 
a promising approach to reduce CO2 emissions at a minimum. The way forward 
will also depend on the further development of supportive and sustainable policy 
frameworks such as carbon border adjustment mechanism that helps to balance the 
requirements for deep CO2 reductions in the European steel industry with global 
steel trading arrangements. 

The mid-to-long-term goal of achieving carbon neutrality is just one source 
of pressure for EU steel companies. The last two decades were characterized by 
increasing worldwide steel production capacities that led to growing imports in the 
EU, which in turn led to overcapacities in the EU steel market. Another source of 
pressure is the fact that key customers of the steel industry, e.g. the EU automotive 
industry, are forced to transform their products or business models, which has knock-
on effects on the steel sector. Finally, imported raw materials prices for steelmaking 
have become more volatile in recent years. 

The way forward for EU steel companies is ambiguous: due to the high pressure, 
there is a strong need to reduce costs to remain competitive. Besides the two signif-
icant spheres of activity, ‘energy transition (costs)’ and ‘EU legislation’, staff costs 
in the steel industry constitute a significant share of fixed costs compared to some 
global competitors. It is becoming obvious that the industry will work on reducing 
fixed costs by permanent rationalizations that will inevitably reduce the total number 
of workplaces. At the same time, to meet future challenges without ignoring the
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demographic challenges that the industry is already facing, new highly qualified 
employees—new talents—have to be recruited. 

3 Development of Workforce Potentials in the EU 

The European steel industry has seen its workforce decline by 40.000 employees 
(from ~370.000 to ~330.000) within the last 10 years. (EUROFER 2019). However, 
due to decreasing fertility rate in the last decades (currently 1.5 in the EU), the 
age group younger than 45 years will continuously decrease and the share of older 
people will increase. The organizational demographics within most of the EU steel 
companies that have been shaped by successive waves of restructuring over the last 30 
years, will lead to increasing workforce gaps in the steel industry caused by the great 
number of employees who will retire in the coming years (European Commission 
2021). 

A shrinking workforce means losing expertise, which forces the European steel 
industry into more intense talent attraction efforts. Since the war for talents is over— 
talents have won—the graduates’ expectations have to be taken into account more 
than ever. Losing talents to other industries is a serious threat for steel companies and 
the aforementioned demographic trends in Europe amplify the threat even more. The 
analysis of those facts and figures reveals several barriers to the attraction (and reten-
tion) of talent, but also sheds light on opportunities upon which this recommendation 
paper will focus. 

4 Needs and Demands of Future Talents 

Taking both the scarcity of adequately skilled labour and the strong need for new 
talents in European companies, including steel companies, into account makes it 
necessary to focus on the expectations and needs of future talents, and to consider how 
the steel companies in the EU can meet these expectations and needs. To understand 
the needs and expectations of new talents, the ESTEP Focus Group ‘People’ and 
EUROFER have conducted an EU-wide survey that generated 268 responses from 
talents already working within steel companies (Echterhoff and Schröeder 2015). 

The survey was designed to shed light on the values, ambitions and needs of the 
survey respondents. The results show that talents prefer individually tailored career 
development, demand modern company cultures and leadership styles that align with 
their needs, and value enhanced support in developing managerial competencies. 
The survey results suggest that to avoid skill shortages in the future, it is essential 
to proactively respond to talents’ needs and expectations and to develop suitable 
work-life balance models. 

Another project, ‘Steel Sector Careers’ (European Commission 2021) disclosed 
profound research outcomes concerning the image of steel careers, current skill
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needs, skills gaps and future skill needs. The project conducted interviews and run 
questionnaires with 2917 steel stakeholders (i.e. 2000 STEM students on the image of 
the steel industry, 197 steel industry professionals on current and future skill needs) 
in 65 steel companies or steel-related institutions across 28 EU member states. The 
essence of the results is that direct work experience in the steel industry is still 
key to gain knowledge about the steel industry. Without direct experience outdated 
perceptions and only little knowledge about the industry is usually predominant. A 
promising aspect, however, is the fact that a number of respondents have expressed 
interest in knowing more about it, either through apprenticeships or visits. 

5 Obstacles and Success Factors 

Looking at the obstacles and success factors for future employee recruitment for the 
steel industry, it should be differentiated between internal and external factors: some 
topics can be driven directly by companies; others have a larger, overall societal and 
political background and thus can only be influenced indirectly. 

One of the most important issues in the assessment of success factors and obsta-
cles is the image of the steel industry. Historically, the steel industry has always been 
associated with a high contribution to air pollution due to carbon dioxide emissions. 
But gradually, starting with massive efforts to contribute to environmental protection 
in the last decades of the 20th century, reality has changed. Today, the European 
steel production is much cleaner thanks to state-of-the-art filter methods. Even the 
product ‘steel’ has developed into a high-tech product with completely new appli-
cation possibilities. In particular, this was achieved by investing heavily in research 
and development, which has also created a large number of attractive and innova-
tive jobs. Unfortunately, these developments in the steel industry towards high-tech 
products and modern employers have not always been sufficiently communicated. 
Public perception is generally characterized by a mix of an obsolete old image and 
a lack of knowledge, which acts as an obstacle to hiring new employees. 

Another obstacle is the decreased number of employees in the European steel 
industry. This has mainly been caused by declining production rates in the EU due to 
global overproduction. Moreover and unfortunately, industry downturns seem more 
appropriate to catch the attention of public media. 

With a negative public image and an uncertain economic future, the steel industry 
in the EU does not look like a prospering and attractive place to work to potential 
future employees even if they have a personal affinity to steelmaking because a secure 
job and a good economic outlook are important criteria when choosing an employer. 

With these obstacles in mind, it is particularly important to highlight the positive 
opportunities and chances for a career in the European steel industry, to counter-
balance and hopefully change negative public perceptions about it. Thus, the steel 
industry needs to step up its efforts in communication with the public and with 
potential candidates and to send a clear message: The European steel industry is a 
high-tech employer with state-of-the-art production facilities, strong research and
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development departments, and develops sustainable solutions for its customers. For 
better and more sustainable products in our future world, steel, due to its complete 
recyclability and versatile properties, is and will remain indispensable. 

The European steel industry has a great opportunity to create exciting and inno-
vative jobs and to communicate the upcoming innovative technological develop-
ments. The steel sector has much to offer: the production plants are already largely 
fully automated. At present, significant investments are made to digitize production 
processes. Digital control, digital tracking and predictive maintenance are just a few 
examples. The resulting job and development opportunities offer an extremely attrac-
tive working environment, especially for IT graduates, who rarely think of the steel 
industry as a potential employer. 

Another starting point for emphasizing the opportunities in the steel industry is 
the changeover in the blast furnace to the injection of hydrogen and the associated 
production towards carbon-free steel. This offers a clear opportunity to speak directly 
to STEM graduates who prefer to work in sustainable ‘green’ companies. It can also 
contribute to shed the public image of the steel industry as ‘dirty’. 

More generally, steel companies need to improve their communication with the 
target group of potential new talents. To overcome these negative perceptions it is 
observable that visits and internships of students and other target groups at steel 
production are a promising approach. Changes in mindsets and heightened interest 
in the industry can be seen during such visits and visitors are more likely to leave 
with a much more positive image of the steel industry. Anyway, in that context, it is 
worth mentioning that the steel industry offers various opportunities e.g. by providing 
vocational education in several professions leading to individual career paths. 

This direct engagement and communication with STEM talents that centres on the 
use of the production facilities as showcases of innovation is definitely a promising 
approach to present the opportunities of the steel industry. As an ‘internal’ success 
factor, the European steel industry can implement this form of talent engagement on 
its own. 

6 Concluding Recommendations 

Attracting talents to the EU steel industry is vital for the future of the industry. Consid-
ering the present analysis, recommendations can be made on different levels. Within 
companies, we see opportunities to turn existing employees into talents through 
personnel development and to retain existing talents. As the labour market turns 
more and more into an employee market, in which potential talents are scarce and 
they can choose their future employers, it is paramount for steel companies to be 
attractive employers for future talents. This situation has evoked the concept of 
Employer Value Proposition (EVP). EVP is used for employer branding and is the 
magnet that attracts job candidates. The direction of employer branding is outside 
the organization and to attract potential talents.
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Company Level 

Company culture: The big question is whether the company culture fits the needs 
and aspirations of talents and potential talents. Hence, attention needs to be paid 
to company culture. Company culture is a generic term that describes the devel-
opment and status quo of leadership, decision-making, internal processes, relation-
ships between colleagues and groups, its originated values and attitudes furthermore 
reflected in terms of corporate social responsibility. It is not easy to obtain an unbi-
ased picture of the existing company culture, although it is crucial to understand 
contexts and situations. Changing company culture is even more difficult and, if it is 
to be done, changes need to be implemented carefully and sensibly. 

Leadership: The available evidence suggests that talents prefer to assume responsi-
bility, like to be visible within the organization, favour working on projects, and wish 
to receive constant feedback (Echterhoff and Schröder 2015). To attract and retain 
talents, the leadership style within a company should accommodate and reflect these 
aspirations. 

Working conditions: Work-life balance and individual health have become more 
and more important in recent years. Future-oriented forms of work, e.g. mobile 
work and flexible working time are becoming more and more usual and accepted. 
Recently, intensive mobile or home working during the corona pandemic was eye-
opening for lots of former mobile work critics to see and learn that it can be a 
way to go for administrative employees without experiencing reduced outcomes. 
Besides transparent compensation and benefits on the market level, personnel devel-
opment/learning programs and career opportunities are appreciated when they reward 
individual performance. 

Digital skills: Digital skills are an integral part of almost all job profiles on the 
shop floor and the production process of steel is high-tech and supported by state-
of-the-art technologies that involve big data streams. Besides recruitment strategies 
for new staff, also up- and reskilling of the existing workforce (e.g. by using the 
gamification paradigm) should be considered, including identifying talents with a 
lower formal qualification (non-academics) but high workplace experience. 

The regional eco-system approach: Another priority is to re-establish, or reinforce, 
the attention of steel companies towards local communities. Without being nostalgic, 
the steel companies should become the employer of choice for local youngsters again. 
Looking at the growing importance of work-life balance and sustainable transport 
solutions (commuting at near 0 km), living in the proximity of the workplace will 
be of great importance in the near future. This, however, implies solving significant 
environmental and behavioural issues, not only in terms of Carbon emissions. Finally, 
the concept of “fidelity to the company” and vice versa “fidelity to the workers” 
should be considered again. 

Cooperation with schools/universities: It is promising to build up a network with 
universities and even schools to have direct access to future talents while raising the 
corporate image. Through direct contact or through contact via social media, it is 
possible to attract and engage the target group. This contributes to the reduction of
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prejudices and can raise awareness, especially when the target group participates in 
company events or visits production sites. 

Sponsoring and external communication: It is well known that the decision where 
to apply for a job is influenced by family, friends and the peer group of job seekers. As 
the public perception of the steel industry requires improvement, external commu-
nication and sponsorships are important channels to attract attention to steel compa-
nies as future workplaces. For example, in recent months many EU steel companies 
have communicated their approach to and contribution towards carbon-neutral steel-
making. This has already had a big impact on the image of the steel industry that we 
have not seen for a long time. 

Steel Association and Organization Level 

Steel-related associations and organizations are important players to support the 
attractiveness of the industry: 

Work on a better image: Steelmaking is on a transformational pathway. Production 
processes will increasingly decarbonized in accordance with the European climate 
goals. Furthermore, steel is of infinite recyclability and the basis of various high-tech 
products such as electric cars and wind turbines that Europe wants to keep producing. 
Steel associations and organizations are important actors that can play a vital role in 
improving the public perception of the steel industry. 

Addressing policy makers: European youth is influenced by the ‘Fridays for future’ 
movement. It is of utmost importance for associations and organizations to engage 
European and national policy makers to raise awareness that the steel sector can 
contribute sustainably and ecologically to the European value chain. Policy makers 
need insights in order to promote the steel industry as a choice for talents. 

Working together and build up networks: Associations therefore need to keep in 
touch with the European steel companies, R&D organizations and other partners 
to build up networks. Working together can generate new views and ideas that can 
help to overcome organizational blindness and inertia. Therefore existing networks 
like the European Steel Skills Alliance (ESSA)1 or the Skills Alliance for Industrial 
Symbiosis in the Process Industry (SPIRE-SAIS)2 and projects (like the previously 
mentioned Steel Sector Careers project) can be used as a platform to be further 
extended.

1 Refer to Chaps. 1 and 2 for a brief overview of the project. 
2 The SPIRE-SAIS alliance will address possible skills shortages in the Energy Intensive Industries 
while providing EU citizens with the necessary skill sets for future job profiles. The project will 
address updating of the curricula, qualifications, knowledge and skills that are required to support 
essential cross-sectoral collaboration and Industrial Symbiosis activities (Processes Planet Research 
Association 2022). 
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Sponsoring of students for events: Talents need to get in touch not only with the 
steelmaking process but also with steelmakers and industry representatives. Engi-
neers from steel companies are usually best placed to attest and explain the attrac-
tiveness of steel and the steel industry as they are able to fluently recapitulate the 
high-speed development of process efficiencies over the last decades or to describe 
a future hydrogen scenario. Thus, associations can serve as platforms of exchange 
between students and engineers, bringing together those who are passionate with 
those who are interested. In that context, it could be worth sponsoring students e.g. 
by distributing ‘wild cards’ to participate in steel events free of charge. 
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Preparing for a Digital Steel Industry: 
What Challenge for Skills Formation 
Systems? 

Luca Antonazzo, Dean Stroud, and Martin Weinel 

1 Introduction 

Since the beginning of industrial society, innovation has always been central to indus-
trial revolutions. What is currently considered to be the 4th industrial revolution (also 
referred to as Industry 4.0) relies on innovations such as ICT and robotics (bridging 
the 3rd and 4th revolutions), and recent concepts, such as the Internet of Things, 
Cyber-Physical Systems, Cloud Computing, Big Data and Artificial Intelligence. 

Although Industry 4.0 has a core production dimension, it is also a social 
phenomenon and is changing the way work is organised, along with how goods 
and services are produced and supplied. While there is perhaps a consensus within 
politics, industry and academia that these technological and organisational changes 
have profound implications for the kind of skills, competencies and qualifications 
that are needed in the future, there is less agreement about what the future of work 
is going to look like and how jobs are going to be changed. As Martinaitis and 
colleagues (2021) pointed out, three scenarios have coexisted in the academic liter-
ature: deskilling (Braverman 1974), upskilling (Acemoglu 2002; Goldin and Katz 
2008) and polarisation scenarios (Goos et al. 2014; Autor 2015). While the first 
suggests that segmentation, standardisation and automation of work have gradu-
ally caused a deskilling of labour across occupations, the second scenario offers a
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much more optimistic view where technological progress results (almost determinis-
tically) in a higher demand for skills and qualified workers (Skill-Biased Technolog-
ical Change or SBTC). The third scenario maintains a less monotonic relationship 
between technology and skills, offering evidence that the mid-skills segment is the 
one most affected by technological substitution, consequently increasing relative 
opportunities in the low- and high-skills end. 

The divergence in the literature highlights how the exact outcomes of these 
processes are still uncertain and open to investigation. However, it is largely undis-
puted that as industries adapt to extensive automation and digitalisation, the compo-
sition of jobs will gradually change. With polarisation or upskilling being the most 
likely effect, workers will be required to possess wider and qualitatively different 
skillsets from what was the case in the past. 

In this chapter, we discuss the implications of such processes for the European 
steel industry and the response of vocational education and training (VET) systems to 
emerging skill demands. This chapter draws on the findings of the Erasmus+ project 
‘Blueprint “New Skills Agenda Steel”: Industry-driven sustainable European Steel 
Skills Agenda and Strategy (ESSA)’ (please refer to Chaps. 1 and 2 of this volume 
for an overview of the project) and on the discussion of institutional models and 
response types previously elaborated in Antonazzo et al. (2021). 

The ESSA project had a Europe-wide focus and primary data were generated 
through semi-structured interviews and questionnaires in five countries (Germany, 
Italy, Poland, Spain and the United Kingdom). Overall, we collected 60 responses 
from steel companies’ representatives (HR managers, production managers, training 
centre managers), VET providers, trade union representatives and steel industry 
experts. The interviews were conducted between April 2020 and March 2021. Due 
to the Covid-19 pandemic, the interviews were conducted remotely and usually lasted 
between one and two hours. 

In the remainder of this chapter, we first introduce the concept of institutional 
models and institutional complementarities (Hall and Soskice 2001; Amable 2009), 
and then we present our findings on emerging skills needs in the ESSA case study 
countries. Finally, we look at recent reforms introduced in three of the ESSA case 
study countries (Germany, Italy and the United Kingdom) to respond to skills chal-
lenges. In doing so, we aim to draw attention to the fact that to support the steel 
industry’s transition to 4.0, VET policies need not only to address skills gaps but 
also to consider the interplay between the reforms newly introduced and pre-existing 
institutions. This interplay can result in a disconnect between policy expectations 
and outcomes, as we will try to show. 

2 Why Do Institutions Matter in VET? 

In the social sciences, an institution is understood as ‘a set of behaviours patterned 
according to one or more variously codified and differentially enforced rules’ (Burke 
2011, p. 321). Within the Varieties of Capitalism (VoC) framework adopted here (Hall
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and Soskice 2001), institutions are described as ‘a set of rules, formal or informal, 
that actors generally follow, whether for normative, cognitive, or material reasons’ 
(Hall and Soskice 2001, p. 9).  

Societal institutions are shaped by their historical path. Once considered in their 
joint combination (this concept is referred to in the literature as ‘institutional comple-
mentarity’), institutions are deemed to make up coherent models, which can differ 
deeply from one another. The idea of institutional complementarity entails that, in 
such coherent models, the presence of a specific set of institutions in one sphere of 
the economy can raise the returns from corresponding institutions in other spheres 
(for instance, consider the relationship between labour market regulation, industrial 
relations and skills formation). 

The concept of institutional complementarity is at the core of VoC. Hall and 
Soskice distinguish between Liberal Market Economies (LMEs) and Coordinated 
Market Economies (CMEs). The first, exemplified by countries like the United States 
and the United Kingdom, is characterised by the primary role of market competition in 
regulating the relations between firms, and in other spheres of the political economy. 
This is argued to lead to short-termism in economic strategies, investments seeking 
high returns and short payback and to be associated with low levels of trust between 
firms (and between firms and other actors). CMEs, usually exemplified by Germany, 
are characterised instead by a more pervasive regulation and strategic interaction 
over economic dynamics. Here, firms are strongly linked with one another through 
sectoral associations and engage in more strategic forms of interaction with social 
partners. Opposite to LMEs, the institutional setting of CMEs encourages companies 
to adopt longer-term strategies and to be less dependent on financial markets and their 
fluctuations. 

From a skills perspective, it is maintained that employment protection and coor-
dinated wage bargaining in CMEs tend to encourage workers to commit to a lifelong 
career and to develop more specialised skills. In LMEs, instead, the absence of such 
institutions seems to incentivise workers to invest in more general and portable skills 
to better cope with the risks of market fluctuations and job loss. In parallel with 
this, it is argued that companies tend to adapt their business strategies to the pool of 
skills available to maximise their competitive edge (Estevez-Abe et al. 2001). In this 
way, while firms located in LME would tend to rely less on technology requiring 
specialised skills, firms in CMEs would engage more in production that requires 
skilled labour thanks to its availability. 

VoC is a dichotomic framework contrasting LME and CME, which presents its 
limitations when applied, for instance, to Mediterranean or Eastern European coun-
tries. Thus, scholars have worked on widening the research on Comparative Capi-
talism (CC) by proposing more nuanced typologies. One such typology includes 
indeed Mediterranean capitalism (Amable 2009), exemplified by Italy and Spain, 
and described as based on more employment protection and less social protection 
than CMEs (Amable 2009). The Mediterranean model is deemed to rely on ‘a large 
set of family-based small firms, cross-participation in firms’ governance and the 
prominent role of the state in the economy’ (Vallejo-Peña and Giachi 2018, p. 24). 
Product market competition is considered to be relatively low here, and the workforce
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to possess limited skills and level of education, which does not allow for the imple-
mentation of a high-skills/high-wages industrial strategy (Amable 2009). Overall, 
this institutional model is deemed to provide scarce incentives for upgrading the 
skills of the workforce, thus hindering potential pathways for innovation. 

3 An Overview of Emerging Skills Needs in the Industry 

As other chapters in this volume well illustrate, it is becoming evident that the 
European steel industry is progressively moving towards Industry 4.0 (Estep 2017) 
with firms starting to employ (although at a different pace) IoT, sensors and big 
data analytics to improve energy efficiency and resource management, as well as 
for quality monitoring and defects detection (Murri et al. 2021). Such developments 
are confirmed by the interviews we collected from the five case study countries 
(Germany, Italy, Poland, Spain and the UK). A Head of a company training centre 
in a German steelwork, for instance, underlined the advantage given by extensive 
generation, storage and analysis of data to act and improve processes or plan a 
recurring intervention on machinery based on sensor data and computer simulation. 

Such developments are reflected in qualifications requirements and expectations 
regarding workforce skills. While perhaps not at the forefront of Industry 4.0, expec-
tations concerning future competence and skills requirements resurface repeatedly 
in steel-sector-specific research (e.g. Evans and Stroud 2016; Stroud and Weinel 
2020; EC  2020) as they do in our interviews with steel industry representatives. 
There is, indeed, an expectation that change is both continuous and accelerating, 
with consequences for vocational education and training: 

Back in the day, apprentices were referred to as Ausgelernte which literally means “someone 
who has completed his/her learning”. Nowadays, apprentices are referred to as Ausge-
bildete which means ‘someone who has been trained’. The term ausgelernt suggests that 
you are done, finished learning and the rest of your work life is applying what you have 
learned. Today, an apprenticeship is just your ‘initial qualification’, one that will be added 
to throughout your working life (HR manager, Germany). 

Technical progress and process automation require employees to learn and improve their 
qualifications practically continuously throughout their professional career […] the employer 
will expect employees to have the skills to continuously improve their professional 
qualifications (HR officer, Poland). 

The data collected allowed us to identify a list of the ten most common skills and 
competence needs, grouped in three categories, that resurfaced in the five ESSA case 
study countries, and which can offer an illustration of what industry representatives 
think needs to be tackled by current (and future) VET programmes (Fig. 1).

Transversal skills appear to be an important concern for the industry as it counts 
five skills out of the ten most cited. To start, adaptability appears to be critical in the 
context of a transforming industry: 

This is probably an internal thing; it is about people adapting to change. It’s a key thing for 
us […] the change in the mindset (Training advisor, United Kingdom).
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Transversal 
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and connectivity 
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and critical 

thinking 

Process/system 
understanding 

Teamwork 

Digital 

Basic digital skills 

Data analysis 

IT skills (e.g. 
coding) 

Technical 

Advanced 
engineering 

Metallurgical 
skills 

Fig. 1 Ten most cited skills and needs in the ESSA case study countries

There is an increased importance of process and system understanding, which 
stems from the increasingly integrated character of production processes and the 
use of digital technologies that render processes less visible and harder to grasp 
(Zinke 2019). In a more complex and interconnected environment, process and 
system understanding becomes more important to ensure the smooth running of 
production processes: 

[they] ensure that apprentices have a contextualised understanding and get the plausibility of 
what is happening. […] Normally metal workers will not learn PLC [Programmable Logic 
Controller], it’s not their world, nonetheless, we have been asked to please introduce metal 
workers to PLC so that they will understand what electricians are actually doing and so that 
they can talk about it […] The point is not to educate them deeply in these areas. Rather, the 
point is that they have what I call ‘overview knowledge’ (Training centre manager, Germany).
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They need to acquire general process knowledge, they need to know first of all the overall 
processes and what are the different outcomes of these before starting to manipulate the real 
controls of machinery and interface (Training officer, Poland). 

The importance of understanding wider processes and how systems operate is 
crucial also for understanding knock-on effects down the production line: 

[what is important is] people’s understanding and knowledge of the knock-on effect down 
the line in the process. So, if you were producing coke for the blast furnace, and you’re 
producing poor quality coke [...] what effect is that going to cause to my customer? Because 
it’s a chain at the end of the day (Training advisor, United Kingdom). 

The increased importance of personal and social skills is another recurrent theme 
in the data. Skills such as problem-solving, decision-making, communication and 
teamwork appear to be highly valued in the modern steel company: 

Decision-making process and problem-solving are always key things for us. And I think the 
two go sort of coupled. […] Especially with the structures we have now, a lot flatter. The 
teams are more flexible (Training advisor, United Kingdom). 

Technical competencies will be very important […] But also, we realised in our company 
that we need to offer some training on soft skills, such as communication, problem-solving, 
team-working…because they work in a team and well-managed interaction is very important 
to work properly (Training officer, Poland). 

In light of the need for continuous and smooth upskilling of workers, skills such as 
literacy, numeracy, comprehension and logic, play a crucial role, as they are deemed 
to provide the grounds for continuous learning: 

But the core, and this is the core of occupational education, is to develop personal and social 
competencies. Because if we have developed those then people are in a good position to 
acquire other kinds of competencies, knowledge and skills on their own (Head of training, 
Germany). 

Certainly, digital skills will be of unquestionable importance for metal and 
machinery workers (Cedefop 2019), and will need to be constantly updated, in 
parallel with technological advancements. A UK union representative commented 
on the importance of digital skills for the industry but warned that these need to be 
built on top of robust foundational skills: 

Digital skills in the UK, you know, the amount of people who do not have basic commu-
nication skills, the basic five digital skills,1 is really concerning actually […] I think that it 
will be a key barrier to participation in technology in the future […] So, [the problem of] 
digital skills is massive for me; but also without forgetting that millions of workers in the UK 
still don’t have basic literacy and numeracy skills. So, if they do not have basic literacy and 
numeracy, how will they then be able to replicate it digitally? (Trade union representative, 
United Kingdom).

1 The UK’s ‘Essential digital skills framework’, designed to support providers, organisations and 
employers who offer training for adults, lists the following five essential digital skills for life and 
work: communicating, handling information and content, transacting, problem solving, being safe 
and legal online. 
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Analytical skills seem also to be of great importance in modern steel companies. 
In a digitalised environment data are produced continuously and in great volume, 
and workers at any different level should be able to make sense of them, translate 
data into real-world situations and act upon them: 

In production, data analysis is fundamental […] In the rolling mill or the smelting furnace 
everything is automated and what the worker has to do is a good analysis of the data. And then, 
with this data analysis, he has to transfer the solutions to unforeseen events and problems 
(Trade union representative, Spain). 

In addition, and not surprisingly, there is also an increasing demand for more 
advanced engineering and IT competencies: 

[We need more] highly specialized technicians, mechatronics, with bases of computer, 
mechanics and electronics that are precious on the market (HR manager, Italy). 

IT people, for instance, I think we don’t have enough skills there, because even nowadays it 
is difficult to find good IT people, and they earn a lot of money because they are in shortage 
(Industry expert, Poland). 

While there is much focus on new emerging skills and competencies, this does 
not mean that traditional job- or occupation-specific technical skills lose their 
importance: 

And even in 2030, we will educate apprentices in the basics of sawing, filing and welding, 
and so on. Because, in the end, we need people who can change a pressure roll, who can 
weld something that needs welding and so on (VET trainer, Germany). 

The most basic one for me would be steelmaking knowledge in general. So, the actual process 
of steel. We probably cover every role, you can imagine [...] but for me, the fundamentals 
have to come from the basics of steelmaking (Training advisor, United Kingdom). 

Finally, some amount of on-the-job training is also considered necessary to 
consolidate and refine the knowledge and skills taught in class or workshops: 

I remember the time when my colleagues were in professional secondary schools, it was 
like three days teaching in school and two days of real shop floor practising […] And after 
three years, they were the young professional workers with skills to use a lot of up-to-date 
machines and technologies. […] the real industry practice is necessary (Industry expert, 
Poland). 

Anyone also from other sectors, like automotive and shipbuilding, will tell you that we need 
to recover what used to be called apprenticeship schools in Spain. Basically, these worked 
as if companies assumed the training of the workers (Trade union representative, Spain) 

These findings align with those of another recent European project, ‘Steel Sector 
Careers’ (EC 2020), which underscored that steel companies would benefit from 
a more holistic approach to occupational training. There increasingly appears a 
need to adopt a ‘T-shaped’ skills approach, including ‘an area of speciality comple-
mented with a series of transferable skills, which can be grouped in three overarching 
categories: general technical skills, digital skills and soft skills’ (EC 2020, p. 56). 

As requirements like those we described have become more pressing, countries 
have responded by reforming their VET systems to cope with the new challenges. 
In the following section, we illustrate recent VET reforms in three of the five ESSA
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case study countries (Germany, Italy and the United Kingdom) for clearer contrast, 
and we discuss them in light of their embeddedness in wider institutional models 
and their potential implications for the industry. 

4 VET Reforms in UK, Germany and Italy 

In Europe, VET policies appear to have gone in and out of fashion over time but, 
increasingly, VET systems have been called upon to address societal challenges 
stemming from economic and technological transformations. Such challenges have 
often been tackled by importing ‘best practices’ from other countries and this is 
argued to have resulted in some (nominally) common patterns in VET reforms across 
the EU (Cedefop 2018). Common reforms have consisted of strengthening the links 
between VET and the labour market, involving employers more in training provision, 
relaunching apprenticeship schemes, incorporating more elements of transversal 
skills into the curricula, and extending VET provision at post-secondary and tertiary 
level. 

Turning to our case study countries, the United Kingdom’s VET system has been 
criticised for being fragmented and complex (OECD 2015). The system experiences 
constant renovation and reform (Pring 2013) and often finds itself at the centre of 
government rhetoric on skills. Recent VET reforms (also driven by the Industry 
4.0 agenda) include England’s apprenticeship frameworks being replaced in the 
period 2018–2020 by new apprenticeship standards developed by sectoral panels of 
employers. The new standards are occupation-focused, rather than qualification-led, 
and combine on-the-job training and study. Standards must include a work contract, 
and at least 20% off-the-job training. The unit-based structure of the previous appren-
ticeship frameworks has been replaced with a holistic end-point assessment. New 
standards for metalworkers comprise English and mathematics, subject-related theo-
retical knowledge (also including environmental and data regulation where relevant) 
and technical abilities, as well as soft skills such as communication, problem-solving 
and teamworking. 

In addition, the Department for Education rolled out in September 2020 new 
technical study programmes called ‘T levels’, aiming to simplify the national VET 
system and to enhance the credibility of technical qualifications. T Levels are 2-year 
courses based on the same standards as apprenticeships, designed by employers and 
approved by the Institute for Apprenticeships and Technical Education. They include 
compulsory elements such as core theory, concepts and skills for an industrial area, 
alongside specialist skills and knowledge for an occupation or career. T Levels have 
been developed to meet the needs of industry and prepare students for entry into 
skilled employment, further training, or further study. The programme offers a mix 
of classroom learning and ‘on-the-job’ training during an industry placement, so 
meeting employers’ demand for earlier work experience. T Levels curricula such as 
‘Engineering, manufacturing, processing and control’, ‘Digital production, design
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and development’, ‘Digital support services’ seem relevant to the needs of the future 
steel industry. 

Quite different from the UK, the German VET system is well-known for its dual 
training and the embeddedness of social partners and stakeholders in its governance 
structure (Clarke and Winch 2006). The German approach to recent VET reforms 
appears to be rather incremental (or ‘adaptive’, see Antonazzo et al. 2021). Regarding 
steel sector vocational qualifications, recent changes were oriented towards filling 
skill and competence gaps, increasing flexibility within occupational qualification 
offers and improving the permeability of the system to increase re- and up-skilling 
opportunities. An example of this type of incremental reform is the updating of the 
curricula of 11 metalworking and electrical qualifications to meet the new industry 
and market challenges. The training regulation for qualifications such as ‘Mecha-
tronics fitter’, ‘Production technologist’, ‘Plant mechanic’, ‘Electronics technician 
for devices and systems’ have been reviewed and subsequently updated with the 
involvement of the relevant social partners. In addition, a training ‘module’ titled 
‘Digitalisation of work, data protection and information security’ (Digitalisierung 
der Arbeit, Datenschutz und Informationssicherheit) has been introduced. 

Metalworking occupations have also been updated with training on process inte-
gration, system integration, IT-based plant modification and additive manufacturing. 
Such additional contents were introduced to react flexibly to the different needs of 
companies and so they are not mandatory for apprentices, but have legally regulated 
minimal standards that assure quality and transparency across the VET system. More 
recently, emerging skills gaps related to digitalisation and environmental sustain-
ability have been plugged across all dual apprenticeships by introducing completely 
new ‘standard modules’ and by updating and modernising existing modules on labour 
law and collective bargaining, as well as on occupational health and safety (BMBF 
2020). 

In Italy, upper-secondary and post-secondary VET programmes were reorganised 
starting in 2008. As part of a review of the school system, it was decided in 2008 
the redefinition and rationalisation of existing curricula. The regulations on the reor-
ganisation of upper secondary schools were subsequently adopted in 2010. Upper 
secondary technical and vocational schools’ curricula were rationalised significantly 
reducing their number and the overlap between similar ones, and job placements were 
introduced. Vocational school curricula were further updated in 2017. Curricula such 
as ‘Mechanics, mechatronics and energy’, ‘Electronics and electrotechnics’, ‘ICT’ 
and ‘Maintenance and technical support’, seem to fit well the emerging needs of the 
steel industry. Technical and vocational schools have also been granted the possi-
bility to customise part of the curricula (20% of the allocated hours) to better tackle 
the demand of local labour markets. 

At the post-secondary level, a new higher technical training programme (ITS, 
Istruzione Tecnica Superiore) was established in 2008. This is collectively organised 
and run by schools, vocational centres, universities and companies. ITS responds 
to companies’ demand for new and high technical skills to promote innovation. 
They represent a novelty in the Italian training system as a new strategy connecting 
education, training and labour policies with industrial policies. This programme



176 L. Antonazzo et al.

is organised around training areas such as ‘Energy efficiency’, ‘New technologies 
for made in Italy’ and ‘ICT’, it makes use of I4.0 enabling technologies, and job 
placement is a mandatory part of the training (at least 30% of the course duration). 
In addition to this, a 2015 reform established the opportunity for learners to obtain a 
vocational qualification or a diploma in a dual-training mode (similar to the German 
dual training) to fill the gap between formal VET and companies and tackle youth 
unemployment. As regards the vocational qualifications issued at the regional level 
(IeFP, Istruzione e Formazione Professionale), the profiles and curricula of these 
were updated and integrated in 2019 after a two-year review process. This has resulted 
in strengthening foundational skills across the IeFP curricula and in the addition of 
new occupational profiles (e.g. ‘Digital modelling and production technician’ and 
‘Renewable energy technician’). The Regions also collectively agreed to incorporate 
personal, social, learning and entrepreneurial competencies into the curricula. 

5 Meeting Skill Needs: Different Models, Different 
Outcomes 

To a large extent, the skills and training needs identified within the industry would 
appear to be addressed by the reforms presented. What we argue, however, is that the 
outcome of such reforms can only be assessed when considered in their institutional 
context. 

An important debate within the institutional literature concerns the degree of fit 
between institutions. VoC (Hall and Soskice 2001) assumes that institutions fit tightly 
and produce coherent and solid economic models (LME and CME). This implies 
that any reform based on imported institutions (what is referred to in the literature as 
‘hybridisation’) would compromise the stability and coherence of the model and its 
comparative advantages. While some scholars remark that actual institutional models 
are more ‘slack’ than what is maintained by theories like VoC (Amable 2016), there 
is still agreement on the value of such conceptual lenses in investigating real-world 
phenomena. 

The tripartite arrangement typical of a CME makes it difficult to implement radical 
changes and adapt quickly to market conditions in Germany. Employers have some-
times expressed concerns on this matter and advocated for some degree of ‘hybridisa-
tion’ of the VET system to enhance its flexibility and better cope with the dynamism of 
the market. Nevertheless, the German approach is still largely incremental and adap-
tive. The ‘adaptivity’ of German VET to industry 4.0, as shown by the example of the 
metalworking and electrical qualifications, relies on a circular process of reviewing 
the curricula, identifying changes in processes reflected in occupations, and inte-
grating the contents and skills needed. This type of adaptation can be slower and 
less flexible but avoids the risk of institutional inconsistencies. The steel companies 
and the unions’ perspectives are brought to convergence through consultation mech-
anisms that are typical of CMEs, and the regulations for the occupational profiles
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have been revised and integrated accordingly. This, we believe, can support long-
term upskilling strategies which are critical in light of Industry 4.0 and from which 
the steel industry and the workforce could both benefit. 

Typical of LMEs, the UK is characterised by market-driven VET provision, lack 
of meaningful trade union involvement, fragmented governance and a tendency to 
embrace a more radical approach to reforms. Under the pressures created by digi-
talisation and Industry 4.0, the reforms introduced in the country seem to follow 
this same pattern. The UK governments have mostly reacted to exogenous pressures 
when these have become too urgent to be ignored (see Bosch and Charest 2008), 
often borrowing ‘best practices’ from other contexts and resulting in institutional 
hybridisation. This practice has been questioned. For example, some have expressed 
doubts about the capacity of the new T Levels to engage employers on a larger scale 
(Williams et al. 2020). This is consequential to the absence of an institutional tripar-
tite arrangement. Where inter-firm relations are characterised more by competition 
than cooperation, occupational standards defined by a panel of employers might not 
be widely recognised. Furthermore, as LMEs are associated with a higher hetero-
geneity of interests, employers’ panels are likely to represent the interests of large 
companies, over those of SMEs. 

The new apprenticeship standards in England attempt a shift from qualification- to 
occupation-based training and to reach some level of coordination between govern-
ment, employers and VET providers. In this respect, this seems an attempt to shift 
away from LME’s typical market-driven VET. However, the reform lacks the trade 
union component, which plays an important role in CMEs (see Turbin 2001). This 
results in an imbalance of employers’ influence over VET contents. Such an imbal-
ance could lead to a proliferation of narrow occupational standards, limiting the 
breadth of learning that would afford protection and resilience to workers (Cedefop 
2018). The reforms would require the government to play a more active role in 
harmonising employers’ and workers’ expectations, as well as the involvement of 
trade unions in a tripartite mechanism. Overall, while the reforms described for the 
UK (particularly England) seem to move in the direction of meeting Industry 4.0 
requirements, their actual implementation runs the risk of low engagement both on 
the side of employers and workers. In turn, this risks undermining the capacity of 
the UK steel industry to stay on track with the technological changes and cause an 
imbalance between skills demand and supply. 

As regards Italy, the country’s approach to VET reforms seems to be mostly incre-
mental with some limited structural changes happening over the last 15 years. The 
organisation of vocational education and training has not undergone major structural 
reforms, except for the introduction of the new post-secondary ITS programme in 
2008 and the dual training experimentation in 2015. These reforms created some 
hybridisation since co-delivery and dual training are not typical of the Mediter-
ranean model (where education and training have been tendentially school-based). 
As regards the review and updating of national standards for the regional IeFP qualifi-
cations, this can be considered an example of incremental reform, which has assured 
that curricula remained fit for purpose and that the IeFP programme maintained its 
consistency and recognisability within the national VET system.
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The fact that ITS courses are more present in the north still reflects a divide in 
the country. The same geographical asymmetry has been observed for dual appren-
ticeships (INAPP 2018). Consistently with the Mediterranean model, Italy has long 
relied on the central and regional governments in regulating and running general 
education and VET. The introduction of higher technical programmes collectively 
organised and co-delivered at the regional level by schools, universities, companies 
and local authorities, brings into the Italian institutional architecture new arrange-
ments. ITS programmes and dual training apprenticeships appear to work better in 
those regions with a dense industrial population, more established social dialogue and 
long-standing VET tradition. In other regions, school-based secondary VET remains 
the most popular choice. Thus, the post-secondary and dual training reforms in Italy 
appear to serve well the steel industry transition to Industry 4.0 in those northern 
regions in which the local institutional environment better supports the hybridisa-
tion brought in by the new arrangements. This risks widening the divide between 
the innovation potential of companies located in the north and the centre-south with 
regard to access to a highly qualified workforce. 

6 Conclusions 

As the European steel industry faces major transformations, it becomes evident that 
workers need to possess a wider and more varied skill set. Over the last few years, 
scholars in different fields have offered consistent insights into the changing nature 
of manufacturing work due to technological innovation, and how skills and compe-
tence needs are changing accordingly (Liu and Grusky 2013; Hecklau et al. 2017; 
Kazancoglu and Ozkan-Ozen 2018; Spöttl and Windelband 2021). Such insights 
match with the ones presented in this chapter regarding the European steel industry 
and they could be summarised in the remark that the mix of technical and soft skills 
and competencies is changing, with digital and soft skills increasing in their relative 
importance and catching up with technical and sector-specific ones. 

It appears that along with Industry 4.0, a new vision of worker is emerging, which 
has been labelled and defined in several ways, Human Capital 4.0 (Flores et al. 2020), 
Operator 4.0 (Romero et al. 2016), Workforce 4.0 (Estep 2017). This scenario rein-
forces the call for a ‘holistic shift’ (Flores et al. 2020) in vocational education and 
training to enhance workers’ adaptivity to technological change, as well as compa-
nies’ innovation potential, sustainability and resilience. Skills formation institutions 
are expected to keep up with these transformations, resulting in VET reforms like 
the ones we considered for Germany, Italy and the United Kingdom. 

What we aimed to show, however, is that reforms do not happen in a void and 
nominally similar arrangements (for instance, dual training) might not produce the 
same outcomes when introduced in a different institutional model. Thus, the way 
reforms fit in with pre-existing institutions plays an important role in shaping their 
outcomes. VET is embedded in a wider national institutional architecture, which is 
characteristic of certain models (e.g., CME, LME, Mediterranean capitalism), as we
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have shown. These aspects need to be accounted for by policymakers when they aim 
to support national industrial strategies by reforming VET provisions. Supporting the 
steel industry across European countries results in not just a challenge of training for 
the right skills and competencies, but also of reforming systems in a way that opti-
mises existing institutional complementarities and maximises the return for workers 
and businesses alike. 
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The Effects of Industry 4.0 on Steel 
Workforce: Identifying the Current 
and Future Skills Requirements 
of the Steel Sector and Developing 
a Sectorial Database 

Tugce Akyazi, Aitor Goti, and Félix Báyon 

1 Introduction 

The European steel sector is going through continuous and considerable changes 
due to the emerging digitalization of steel production and strong demands to put the 
sector on a more environmentally sustainable footing. The manufacturing models 
are altering with the adoption of smart technologies such as Internet of things (IoT), 
Artificial Intelligence (AI), robotics, etc. The use of digital technologies results in a 
new stage of automation, which enables more efficient and creative processes, prod-
ucts and services (Jagannathan and Maclean 2019; German National Academy of 
Science and Engineering 2016). Even though the steel industry has been recognized 
as a matured sector with minor technology updates, the sector is already partici-
pating in Industry 4.0 evolving into a smart industry. The steel companies are digi-
tizing their manufacturing processes by integrating the 4.0 technologies into the 
melting, casting, rolling and finishing sub-processes (European Commission Execu-
tive Agency for Small and Medium-sized Enterprises 2019). The interconnected, flex-
ible and complex processes have potential to completely change the organizational 
structure, job profiles and skills requirements of the steel industry. Nevertheless, most 
of the workers with experience in metallurgy do not have the required technolog-
ical skills (European Commission Executive Agency for Small and Medium-sized 
Enterprises 2019).
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As a result, the steel sector is in urgent need of a multi-skilled workforce which is 
qualified enough to manage the implementation of the smart technologies, contempo-
rary business models and organizational structures. Building this competent labour 
force is only possible through upgrading the skills, knowledge and credentials. A 
workforce with updated skills is key for the steel sector to keep up with the growing 
digitalization, and to adapt to novel working systems. The initial step of the contin-
uous re-skilling and up-skilling of the workforce is addressing the current skills needs 
and trends as well as foreseeing the future ones. This chapter aims to accomplish that 
objective through performing a detailed desk analysis and creating a sectoral occu-
pational database. Once the anticipated evolution of skills needs is identified, a long-
term skill implementation methodology may be established for reducing the skills 
gap between the industry expectations and the current workforce. Such a methodical 
approach would ideally provide tools for the recruitment of new talents, as well as 
introduce well-developed education and training programs for the current workforce, 
and redesign work processes. 

Accordingly, the steel sector critically demands a roadmap guiding the sector to 
identify the current and future skills needed by the workforce and tools to implement 
them. Additionally, a sectorial guideline is needed for education policy makers to 
facilitate the relevant education programs, degrees and subject-matter syllabuses 
being compatible with the industry’s skills needs. This chapter is developed in 
response to these needs. 

This chapter describes step-by-step the methodical process applied to the steel 
sector. Initially, we have performed detailed desk research to identify the current 
steel sector skill trends. Then, we present the development of a sectorial occupation-
skills database, through determining the actual and future competences requirements. 
To achieve that goal, principally we analyse the strategies for the implementation of 
competences followed by other sectors (e.g. machine tool, construction) and develop 
a methodology—adjusted from a broad spectrum of European sectoral and cross-
sectoral frameworks, projects and scientific articles—to describe the steel industry 
requirements related to future skills. During the generation of the database, we 
identify the current and future competences needed by the steel sector occupations 
(engineers, operators and managers). 

To define the relevant steel sector occupational profiles and identify the compe-
tence needs of each profile, we use the database of European Skills, Competences, 
Credentials and Occupations (ESCO). Then, we create the occupation-skills database 
in an automated excel format using Visual Basic for Applications (VBA) through 
the integration of the selected occupations and their current skills needs. 

To support the development of future competences, we analyse the occupational 
profiles which are present in the database one by one and pick the ones that will be 
transformed through the sector’s digitalization. For this purpose, we again utilized 
notable European references related to the subject: numerous strategic inter-sectoral 
and sectoral European frameworks and projects. Once the future competence needs 
of each profile are identified, they are integrated into the database to finalize the 
update process. Eventually, we generate an automated database incorporating the 
present and future competences needs of the steel sector job profiles. Finally, in the
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last section, the main conclusions are discussed explaining the potential importance 
of our research for companies, training centres, policymakers and researchers. 

We envisage that the sectoral database can serve the steel industry as a fundamental 
tool for all the future technological and organizational transformations. The target 
end-users of this database are steel manufacturers, universities, training and education 
centres who are responsible from the development and delivery of training programs. 
We believe that this work has a potential to be used as a framework guiding the sector 
for building a competent and multi-skilled workforce. 

2 Identifying the Current and Future Skills Requirements 
for the Steel Sector 

This section focuses on identifying the (current and future) competence requirements 
of the steel workforce. When we talk about the “future” skills, we refer to the foreseen 
skill needs for the next 10 years (till 2033). To this end, firstly, we evaluate the most 
recent skills trends affecting the steel industry performing desk research. Secondly, 
we demonstrate the development of the sectoral occupation-skill database step by 
step, presenting the methodology and the results (Sect. 3). The key condition for 
achieving a relatively accurate perception of the evolution of skills is to have a 
general idea about the future steel industry. This is only possible through examining 
and determining the outcomes of the ongoing and future industrial changes on the 
steel workforce. 

As for all industries, the steel sector has been tremendously affected by the 
COVID-19 pandemic. The main consequence of the pandemic from an industrial 
and business perspective is the accelerated adoption of digital technologies which 
enable agile and flexible operations. Industrial digitalization has accelerated greatly 
across the whole manufacturing industry through adopting existing and new tech-
nologies related to Industry 4.0 (Naselli 2020; Agrawal et al. 2021). Therefore, the 
top strategic priorities of the industry have been the integration of smart technologies 
and the upskilling and reskilling of the workforce accordingly (Agrawal et al. 2021). 

On the other hand, during the last decades in the EU, the job loss for workers 
with low-skilled routine in manufacturing has been observed to increase and it is 
anticipated to increase further as a result of the automation of the tasks carried out 
by these job profiles. The upskilling and reskilling of low-profile workers can keep 
them still useful for the industry (Madl 2021). 

Along with digitalization, the steel industry is looking for solutions that make it 
possible to use resources efficiently and reduce CO2 emission levels while keeping 
up competitiveness and economic development. Therefore, both policymakers and 
companies are constantly integrating the concerns about sustainability into their 
agendas. Moreover, their strategies focus not only on optimal consumption of 
resources, sustainability and energy efficiency, but also safety and well-being of 
employees (Spire-SAIS 2020). Digital technologies facilitate the steel manufacturers
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to carry out more energy and resource efficient and less environmentally damaging 
processes. Sustainability establishes the background for Industry 4.0 (Gajdzik et al. 
2020). Even if we cannot separate one from the other as an element in a distinctive 
way, Industry 4.0 and sustainability are emerging as two main factors that drive the 
evolution of skills in the steel industry (European Commission Executive Agency 
for Small and Medium-sized Enterprises 2019). These two drivers result in an accel-
eration of skill shifts compared with historical trends and also push the sector to 
improve the quality of skills to fulfil the needs of the industry. 

The technological developments are altering the tasks performed by the steel 
professionals and therefore changing the skills needed to execute these tasks (Euro-
pean Commission Executive Agency for Small and Medium-sized Enterprises 2019; 
Ellingrud et al. 2020). First of all, the workers will be able to make more informed 
decisions in shorter periods of time and deal with complicated circumstances due 
to the real-time data developed by the automated and smart production systems 
(European Commission Executive Agency for Small and Medium-sized Enterprises 
2019; Branca et al. 2020; Schlegel et al. 2018). The majority of the workers will 
be executing their day-to-day operations beside robots and machines. Collabora-
tive robots will become more autonomous and tackle the plain and repetitive tasks, 
while operators will perform more complex tasks and make critical decisions (Euro-
pean Commission Executive Agency for Small and Medium-sized Enterprises 2019; 
Akyazi et al. 2022). Therefore, the importance of decision-making skills will increase 
substantially. 

Additionally, the relationship between machines and humans is being altered by 
4.0 technologies (Gajdzik and Wolniak 2021; Tihinen et al. 2017; Ten and St 2015). 
New technologies are minimizing physical human work. Since the high degree 
of automation will decrease the human intervention in routine production tasks, the 
workers will be mainly gathered in control rooms operating remotely. Many tasks 
performed physically by the workers will be operated using computers, monitoring 
data and providing oversight. 

On the other hand, new skills are expected from the workforce to control the 
new technologies, to supervise the automated processes and execute more quali-
fied work (Gajdzik and Wolniak 2021) (Romero et al. 2016). For example, thanks 
to the self-learning productions systems (made possible by AI) operators will be 
able to supervise the work of machines remotely (European Commission Execu-
tive Agency for Small and Medium-sized Enterprises 2019; Gajdzik and Wolniak 
2021; Bokrantz et al. 2017; Wang et al. 2018). Concurrently, human intervention 
will become more essential not only during the supervision of the machines but also 
during maintenance activities (European Commission Executive Agency for Small 
and Medium-sized Enterprises 2019). Also, capability of online supervising can lead 
the operators to home office working. The integration of artificial intelligence will 
cause the organizations to be more team-oriented and top-down hierarchal struc-
tures with bureaucracy, collaboration and communication barriers are likely 
to lose influence (European Commission Executive Agency for Small and Medium-
sized Enterprises 2019; European Centre for the Development of Vocational Training 
2009). Teamwork not only between co-workers, but also between the automated
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systems and co-workers will become more important (European Commission Exec-
utive Agency for Small and Medium-sized Enterprises 2019; European Centre for 
the Development of Vocational Training 2009). 

In general, the job profiles of the steel industry are not expected to be replaced 
entirely, instead they are expected to execute more tasks in various departments. 
Therefore, workers will be demanded to have a wider knowledge in different 
subjects and higher qualification. Multitasking will become a significant skill for 
the workers (European Commission Executive Agency for Small and Medium-sized 
Enterprises 2019; Akyazi et al. 2022). 

The major consequence of the aforementioned transformation is the growing 
demand for the digital skills as the steel companies adopt smart technologies (Madl 
2021; Deming  2015). Therefore, the workers will be expected to have not merely 
basic digital competences, but also advanced digital competences related to IoT, AI, 
robotics, Machine Learning, AR, Big Data Analytics, Cloud Computing, Digital twin, 
simulations, Predictive Maintenance (European Commission Executive Agency for 
Small and Medium-sized Enterprises 2019; Branca et al. 2020; Gajdzik and Wolniak 
2021; Neef et al. 2018; Fragassa et al. 2019; Hanoglu and Šarler 2019; Colla et al. 
2021). Due to this demand, data safety and protection will become crucial to increase 
the trust in new technologies. 

The adoption of digital innovation demands not only digital skills but also require 
social and emotional skills—which machines will not capable of learning in the near 
future—from the steel sector workers (European Commission Executive Agency for 
Small and Medium-sized Enterprises 2019; Akyazi et al. 2022). Due to increasing 
automation, workers will be responsible for more significant tasks which require solid 
literacy, numeracy, ICT along with some soft skills such as collaboration, initiative 
taking, problem-solving and teamwork (Deming 2015; Industry-driven sustainable 
European Steel Skills Agenda and Strategy 2019). Flexibility and transferability 
will become more important as the workers are expected to execute varied tasks 
(German National Academy of Science and Engineering 2016). Also, because of 
the growing automation basic cognitive skills will lose importance as higher cogni-
tive ones such as creativity, lifelong learning, teamwork, problem solving, decision 
making will become more significant (European Commission Executive Agency 
for Small and Medium-sized Enterprises 2019; Gajdzik et al. 2020; Industry driven 
sustainable European Steel Skills Agenda and Strategy 2019). Critical thinking, inde-
pendent problem solving, managing complexity, complex information processing, 
cross-functional process know-how, interdisciplinary thinking and acting will be 
crucial in the future industrial environment (Schlegel et al. 2018; Deming  2015). 
The demand for communication and negotiation skills will also increase (Euro-
pean Commission Executive Agency for Small and Medium-sized Enterprises 2019; 
Schlegel et al. 2018). Despite of the decreasing demand, manual and physical skills 
will continue being the largest category of skills (Gajdzik et al. 2020; Schlegel et al. 
2018). This category of skills will be updated for each occupation depending on the 
level of automation of the profile. 

Moreover, green skills are acknowledged as vital in order to sustain the compet-
itiveness of the European manufacturing industry (including the steel sector) due to
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the growing focus on environmental awareness, sustainability and energy efficiency 
(European Commission Executive Agency for Small and Medium-sized Enterprises 
2019; Organisation for Economic Co-operation and Development 2014). The rele-
vance of green skills can also be explained by the fact that EU countries have 
agreed to reach certain legally binding environmentally targets by 2050 (Spire-SAIS 
2020; Organisation for Economic Co-operation and Development 2014). Not only 
managers, but also operators will be expected to have knowledge in resource effi-
ciency, recycling and material reutilization in the near future (ESSA 2019). Some 
of the green skills needs relate to environmental awareness, environmental moni-
toring, sustainability, circular economy, industrial symbiosis basic understanding and 
methodologies, field experience, waste management, waste reduction and preven-
tion, resource, reuse and recycling, eco-design of product, technology and process, 
water conservation, sustainable resource management, product life cycle assessment, 
energy management of equipment and plants, developing and installing analysis 
systems for energy use, manufacturing principles to reduce energy consumption, 
monitoring and investigating energy use, selection and use of monitoring equipment 
for energy consumption, energy data collection and analysis, industry field experi-
ence, general regulatory awareness, legislative and compliance requirements, legis-
lation about waste management and CO2 emissions (Spire-SAIS 2020; Organisation 
for Economic Co-operation and Development 2014; INSIGHT Industrial Symbiosis 
Facilitator 2020). 

In conclusion, the future steel workforce is expected to have cognitive and social 
skills that enables them to work alongside increasingly automated technologies, such 
as critical thinking, communication, team working and lifelong learning. The steel 
sector also demands from its labour force to have basic and complex digital skills 
to handle the digital transformation smoothly and effectively. In addition, green 
skills present key importance for the workforce to manage European regulations and 
policies about the sustainability, energy efficiency and environment, which is one of 
the current focuses of the European steel industry. 

3 Generation of the Sectorial Database 

This section demonstrates the main objective of the chapter: the generation of the 
database incorporating competence needs (present and near-future) for the steel 
sector professional profiles. We firstly explain the development of the methodology 
(Section “Materials and Methods”) and later, present the results (Section “Results 
and Discussion”).



The Effects of Industry 4.0 on Steel Workforce: Identifying the Current … 189

Materials and Methods 

The methodology incorporates broad desk research of international publications, 
inter-sectorial European projects and frameworks, with the opinions of ESSA 
(Industry-driven sustainable European Steel Skills Agenda and Strategy) subject 
matter experts about the future skill demands of the steel sector workforce. A similar 
methodology underpinned previous research on other sectors undertaken by our team 
(Akyazi et al. 2020a, b, c, d, 2022; Arcelay et al. 2021). 

The two main data sources that we used for the generation of our database were: 
(a) the database of ESCO (created by the European Multilingual Classification of 
Skills, Competencies, Qualifications and Occupations (ESCO) association—culti-
vated by the European Commission) and (b) Industry-driven sustainable European 
Steel Skills Agenda and Strategy (ESSA) project aiming to establish a Blueprint for 
“New Skills Agenda”—an EU project that we are directly involved in (ESSA 2019). 
ESCO could be considered a dictionary that classifies skills and professional occu-
pations essential for education, training and labour markets in Europe (European 
Commission ESCO European Skills/Competences Qualifications and Occupations 
2022). It is a European multilingual categorization of occupations, competences and 
skills. The ESCO database is based on the “International Standard Classification of 
Occupations” (ISCO-08) framework developed by ILO (International Labour Orga-
nization); it enables the ESCO database to be directly linked with a wide range of 
international occupational group categorizations established by ILO. 

The other main source, the ESSA project, has been initiated to develop a Blueprint 
for a sustainable, steel industry-driven and coordinated European Steel Skills Agenda 
(ESSA) and to present a strategy for an ongoing and short-termed implementation 
of new skills demands. The project aims to pilot this by the development of modules 
and tools for building awareness and implementing new skills for a globally compet-
itive industry, ready to anticipate new skills demands and to develop pro-active and 
practical activities to meet the future requirements of the evolving job profiles of the 
steel industry ESSA 2019). 

Moreover, the desk research that we executed during the development of Sect. 2 
for identifying the general skills trends for the steel sector contributed immensely to 
the development of the database. The literature was carefully selected from the high 
impact journal articles, reports published by European Commission and McKinsey 
consulting. 

Furthermore, the “European ICT System of Professional Role Profiles Frame-
work” created by the “Council of European Professional Informatics Societies 
(CEPIS)” and the “European Committee for Standardization (CEN)” was used as 
a significant reference to identify ICT-related skills needs of the steel sector. CEPIS 
is the representative party of national informatics associations in Europe. It is a 
non-profit organization that not only represents IT professionals in 28 countries 
but also addresses the development of prominent standards among IT professionals 
through recognizing the effect of IT on industry, society and labour market (Council 
of European Professional Informatics Societies 2020).
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Furthermore, CEN is the association that combines the National Standardization 
Entities of 34 European countries supporting standardization activities in a broad 
range of areas and sectors (European Committee for Standardization 2022). The two 
aforementioned organizations worked together to develop the “European ICT Profes-
sional Role Profiles Framework” supporting the generation of a common European 
reference for the management, planning and progress of the skill needs related to ICT 
from a specific perspective (European Committee for Standardization and European 
e-Competence Framework 2019). 

We also benefited from several inter-sectorial strategic projects such as “Skills 
Alliance for Industrial Symbiosis—a Cross-sectoral Blueprint for a Sustainable 
Process Industry” (Spire-SAIS 2020), Machine Tool Alliance for Skills (METALS 
2016), Digitalization of Small and Medium Enterprises, SMEs (SMeART 2018) and 
Procedures for Quality Apprenticeships in Educational Organizations (APPREN-
TICESHIPQ 2018). These projects provided us with a general point of view about the 
new skills needs in different sectors, related to energy efficiency, industrial symbiosis, 
digitalization and training. 

During the development of the automated sectorial database for the occupation 
and skills of the steel industry, Visual Basic for Applications (VBA) was used as the 
programming language in Microsoft Excel Spreadsheet Software. Considering that 
ESCO database is updated regularly by the organization, our database needs to keep 
up with these update routines. Therefore, an Application Programming Interface was 
established in order to automate the updating process of the generated database. 

Results and Discussion 

The main objective of the methodology is to create an automated skills database for 
the steel sector job profiles. It includes the current competence needs as well as the 
near-future ones which are foreseen for the next 10 years. 

While identifying the steel sector-associated professional profiles and detecting 
their current skills and competence needs, the main source of the data was ESCO. 
Firstly, we analysed the professional profiles connected with the steel sector in 
ESCO’s database. Then, we picked them and integrated them into an excel datasheet. 
Once all the job profiles were present in the document, we executed the automa-
tion process through applying VBA on the datasheet. Therefore, the first edition of 
the automated database which incorporates solely the current skill and knowledge 
needs was generated. The following procedure was applied to detect the skill and 
competence needs for the future and incorporate them into the already-automated 
database. 

ESCO provides us with a very convenient and systematic database used as a 
reliable reference to gather information related to professional profiles and skills 
in the EU labour market. However, it does not include satisfactory information 
related to natural evolution of occupations; its content needs to be updated about 
the new competence needs arising from the technological developments: namely
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digital, transversal and green competences. Therefore we used references other than 
ESCO to identify the future skills requirements of the steel sector. We carried out desk 
research about the general skill trends about the future of the steel sector (Sect. 2) 
and we combined it with the general elements of the methodology which we had 
developed in ESSA project. Therefore, the main reference used for defining the 
future competences (digital, personal, social, methodological, green) was the ESSA 
project. After that, we identified and picked the most relevant skills for the steel sector 
from the outputs of various EU-level databases and research projects: green compe-
tences from the SPIRE-SAIS project, ICT-related competences from the framework 
of European ICT Professional Role Profiles, and digital and personal, methodological 
competences from the METALS project. 

The final list of future competences was generated through merging the results 
with the subject matter experts’ opinions. This process enabled us to obtain detailed 
understanding about the additional competences demanded of the steel workforce in 
order to proceed a successful digital transformation and to achieve a sustainable and 
competitive steel sector. Tables 1, 2 and 3 show the ultimate list of the identified future 
competence requirements. They were classified into three groups to be practical: (1) 
digital competences (2) personal, methodological and social competences and (3) 
green competences.

Once having identified the future competences, the following step was to deter-
mine the profiles that would be transformed as a result of the ongoing digitalization 
of the steel industry. For this aim, we carried out an analysis on each selected profile 
present at the database. In order to identify the transformed profiles, we took ESSA 
project as a basis. At the same time, we also benefited from the above-mentioned 
(Sect. 2.2.1) European projects executed in a broad range of sectors to detect which 
occupational profiles were required to be updated through digitalization. Then, we 
analysed the steel sector occupations including the equivalent work tasks with those 
in other sectors which had gone through changes due to Industry 4.0 (such as process 
engineer, industrial manager, etc.). After, we added the future competence needs of 
these profiles into the database. Particularly, the framework of European ICT Profes-
sional Role Profiles provided us with the information of both the altered ICT-related 
job profiles and their future skills needs. For the rest of the steel sector job profiles, it 
was our research team who made the decision if their skills required an update or not. 
When an update was considered essential for a job profile, a detailed analysis based 
on the subject matter experts’ opinion was carried out to select the future competence 
needs. Then, the identified competence requirements were incorporated manually to 
the database as “essential” or “optional”. 

Once we integrated all identified future competences in the database, the skill-
updating process for each occupation was finalized. Subsequently, the automated 
occupation-skills database for the steel sector was generated successfully. Addition-
ally, for the sake of being practical, all current skill and competence requirements 
demonstrated in ESCO´s database were assumed to be demanded also in the future. In 
the future, if they become outdated, these skills or competences will be removed both 
from our and ESCO database. Moreover, during our research, when we identified a 
competence requirement for the future and it was already present at the database of
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Table 1 The list of the 
detected future digital 
competence requirements for 
the steel industry workforce 

Future digital competences for the steel sector 

Internet of things (IoT) 

Machine learning 

Big data 

Cloud computing 

Artificial intelligence (AI) 

Business intelligence (BI) 

Sensors technology 

Collaborative and advanced robots 

Customization and personalization of production 

Augmented reality (AR) 

Cyber-physical systems (CBS) 

Human-machine interfaces (HMI) 

Cybersecurity 

Additive manufacturing 

Predictive and proactive maintenance 

Computerized maintenance management 

Digital twin 

Process simulation and integration in manufacturing 

Communication among equipment (M2M) and environment 

Online equipment and process monitoring systems 

Traceability 

Basic digital skills 

Use of digital communication tools 

Basic data input and processing 

Advanced data analysis and modelization 

Data management-safe storage 

E-commerce 

Enterprise resource planning (ERP) 

Manufacturing execution system (MES) 

Financial literacy 

Quality procedures related to digital transformation 

Project planning and management

ESCO, they were not referred as a ¨¨future competence¨  ́ anymore. Solely, the new 
competences that we detected were categorized as ¨future competences¨. 

Table 4 demonstrates an example data sheet of the created steel sector database. 
In this table, the “casting machine operator” is taken as an example. The initial four 
rows represent the hierarchical organization of the occupation groups: The “casting
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Table 2 The list of the detected future personal, social and methodological competence require-
ments for the steel industry workforce 

Future personal, social and methodological competences for the steel sector 

Personal competences 

Critical thinking and decision making 

Strategic and systematic thinking 

Interdisciplinary thinking and acting 

Continuous learning 

Adaptability and adapt to change 

Work autonomously 

Ethical skills 

Personal experience 

Appropriate linguistic skills 

Methodological competences 

Creativity 

Cross-functional process know-how 

Complex problem solving 

Opportunity assessment 

Risk management 

Customer relationship management 

Creativity 

Cross-functional process know-how 

Basic numeracy and communication 

Quantitative and statistical skills 

Complex information processing and interpretation 

Advanced literacy 

Social competences 

Entrepreneurship and initiative taking 

Interpersonal skills and empathy 

Cultural empathy 

Active listening 

Effective communication and negotiation skills 

Teamwork skills 

Leadership and managing others 

Conflict resolution 

Networking 

Teaching and training others
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Table 3 The list of the detected future green competence requirements for the steel industry 
workforce 

Future green competences for the steel sector 

Environmental awareness 

Understanding circular economy and industrial symbiosis concepts 

Waste reduction and prevention 

Waste management 

Resource re-use and recycling 

Sustainable resource management 

Product life cycle thinking assessment 

Eco-design of product, technology and processes 

Understanding energy efficiency concept 

Understanding energy use and costs 

Energy management of equipment and plants 

System optimization and process analysis 

Energy data collection and analysis 

Platforms for energy management of equipment and plants 

Manufacturing principles to reduce energy consumption 

Selection and use of monitoring equipment for energy consumption 

General regulatory awareness (incl. legislation, compliance) 

Legislation on waste management and CO2 emissions

machine operator” professional profile is a part of the “metal processing plant oper-
ators” occupation group, which belongs to the broader group of “metal processing 
and finishing plant operators” and so on. The table incorporates a direct web link to 
the website of ESCO where all the presented data related to the profile is accessible. 
Moreover, the database demonstrates the ISCO number (the international occupation 
code) and the alternative labels for the presented professional profile. In addition, 
the table describes both the essential and optional skill, competence and knowl-
edge requirements for the “casting machine operator” job profile. The current skill 
and knowledge requirements extracted from ESCO’s database are shown in black 
font while the future competence needs that were identified in this research are 
demonstrated in red font.

The table is regarded as a “smart table” due to the automation process executed 
on the database. Therefore, when we alter “casting machine operator” professional 
profile with another one, all the data about the new profile comes into sight auto-
matically on the spreadsheet replacing the information related to “casting machine 
operator”. This capability enables us to display the competences of any professional 
profile instantly using the database. Hence, the database can be used as a very effective 
and convenient tool for the implementation of competencies.
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Table 4 An example sheet extracted from the automated occupation-skills database created for the 
steel sector 

8—Plant and machine operators and assemblers 

81—Stationary plant and machine operators 

812—Metal processing and finishing plant operators 

8121—Metal processing plant operators 

Professional Job Profile: 8121.1 Casting Machine Operator 

ESCO link: http://data.europa.eu/esco/occupation/25206eaa-04da-4fd6-bac7-173d7eb142dc 

mold casting worker // metal molder // foundry operator // molding and casting worker // metal 
moulder // ladleman // metal caster // pourer and caster // foundryman // mould casting worker // 
ladleperson/ 

Casting machine operators operate casting machines to manipulate metal substances into shape. 
They set up and tend casting machines to process molten ferrous and non-ferrous metals to 
manufacture metal materials. They conduct the flow of molten metals into casts, taking care to 
create the exact right circumstances to obtain the highest quality metal. They observe the flow of 
metal to identify faults. In case of a fault, they notify the authorised personnel and participate in 
the removal of the fault 

ISCO number: 8121 

Essential 

Knowledge 

Casting processes 

Manufacturing of metal assembly products 

Metal joining technologies 

Skill/competence 

Admit basic metals to furnace 

Assemble metal parts 

Maintain mould parts 

Use tools for castings repair 

Optional 

Knowledge 

Precious metal processing 

Types of metal 

Skill/competence 

Assess suitability of metal types for specific application 

Cut metal products 

Follow manufacturing work schedule 

Future competences 

Essential 

Collaborative and advanced robots 

Basic digital skills 

Artificial intelligence (AI)

(continued)

http://data.europa.eu/esco/occupation/25206eaa-04da-4fd6-bac7-173d7eb142dc
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Table 4 (continued)

8—Plant and machine operators and assemblers

Predictive and proactive maintenance 

Augmented reality (AR) 

Digital twin 

Critical thinking and decision making 

Strategic and systematic thinking 

Effective communication skills 

Teamwork skills 

Advanced literacy 

Understanding energy use and costs 

Use of monitoring equipment for energy consumption 

Waste reduction and prevention 

Resource re-use and recycling 

Optional 

Cybersecurity 

Quality procedures related to digital transformation 

Creativity 

Interpersonal skills and empathy 

Cultural empathy 

Complex information processing and interpretation

The main differences between our database and conventional ones, such as ESCO, 
are that (1) our database includes the anticipated skill requirements for each job 
profile and (2) ours is a steel sector-specific database. Our work aimed to fill the gap 
of a sectorial database including future skills emerging from sector-specific indus-
trial changes, innovations and sustainability requirements. Therefore, the research 
findings aim to contribute to the continuous updating and development of ESCO, 
thus reaching more effectively to the end-users thanks to our interaction with ESCO 
experts. The findings are intended to be consistent with ESCO framework, which 
is a significant and common reference among the European labour market, training 
and education centres. 

Moreover, the results of the research were validated by Sidenor Aceros Especiales 
SLU which is an international company and leader in the European steel industry for 
the production of special steel long products. Sidenor is also involved in the ESSA 
project as an industrial partner. They aim to implement the necessary skills on their 
workforce so that the workers can handle the current and upcoming technological 
developments and sustainability requirements properly. They are in the process of 
upskilling and reskilling of their workforce through identifying the skill gaps and 
looking for required training programmes. Therefore, they are using our automated 
and sector-specific database effectively. Our database provides Sidenor and other
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companies with easy access to information on foreseen skill requirements for each 
steel sector job profile. Through this information, they can analyze and identify 
suitable and well-developed training programmes for each job profile in the company. 
Therefore, after confirming the validity of the database, Sidenor is actively using it 
during the implementation of the new skills by the human resource department. 

4 Conclusion 

The steel sector faces constant and profound transformations of its manufacturing 
models because of Industry 4.0 and sustainability demands. The sector is already 
participating in the digitalization converting into a smart industry. The application of 
the smart technologies leads to more efficient and reliable manufacturing processes 
as well as higher quality products and services. Therefore, Industry 4.0 is recognized 
as a good opportunity for the sector. Furthermore, these flexible, complementary and 
complex smart processes are altering the organizational structure and competences 
of the steel industry. On the other hand, the steel industry is seeking solutions for an 
efficient use of resources and the reduction of CO2 emission levels while maintaining 
their competitiveness. The industry is also working towards the implementation of 
solutions to ensure that they operate with respect to energy efficiency, workforce that 
can handle the implementation of new business models compatible with IS & EE and 
technological developments. Thus, it also creates a challenge for the sector. For this 
reason, the steel industry urgently needs to generate a multi-skilled labour force which 
is capable of managing the implementation of newly introduced business models 
compatible with smart technologies and environmental imperatives/sustainability 
requirements. 

This competent workforce can only be created by up-skilling and re-skilling of the 
current one through the development of well-established training programs. Identi-
fying the skill mismatch between the workforce and the industry’s expectations is the 
key for the development of the high quality training and it is only possible through 
defining the current and anticipated skill needs for the steel industry. Our work 
responds to this need for addressing the current skill and competence requirements 
and foreseeing the future ones. 

In this chapter, after evaluating the current skill requirements and defining the 
foreseen evolution of competences for the steel sector, we generated a structured and 
automated skills database for the steel industry professional profiles. We believe that 
the created sectorial database is an essential tool that could guide the steel industry 
through the implementation of new skills during digitalization. Indeed, the results 
of the research and the utility of the sectorial database for the skills implementation 
were validated by Sidenor Aceros Especiales SLU. 

It is our belief that our research could be adopted as a guidance not only for 
companies but also for training centres, universities and policy makers throughout 
the development of well-designed training programs which are designed to minimize 
the skill gap between the workforce and job profiles. We strongly believe that in the
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lead of the ESSA project, the steel sector will be seeking more sectorial frameworks 
for the implementation of new skills in the steel industry. Our research would also 
serve them as a roadmap. 
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Identifying Future Skills for the Digital 
Transformation in the Steel Industry: 
An Ecosystem Analysis in the German 
Rhein/Ruhr Area 

Adrian Götting, Clara Behrend, and Michael Kohlgrüber 

1 Introduction 

The impact of the increased use of digital technology on the world of work has 
become an important and controversial topic in public and political debate. Although 
a variety of factors, such as globalisation, demographic change or climate change, 
have an impact on work and human capital, much attention is paid in academic 
discourse to digitalisation in particular as a driver of change. It is expected that the 
digital transformation has and will have far-reaching consequences for employment 
and will lead to traditional job profiles changing, also affecting skills, with new 
demands for workers emerging (Gonzalez Vazquez et al. 2019: 10; Kirchherr et al. 
2019: 2).  

Thus, this chapter aims at examining the question of how digitalisation affects 
the skill demands of employees and managers. Especially with regard to the skills 
required of employees in the future, there is a great deal of need for discussion 
and a lack of clarity. This chapter thereby aims to make well-founded analyses of 
skill requirements. The topic of future skill demands is explored in the steel sector 
of the Rhein/Ruhr region, with a focus on the Düsseldorf administrative district in 
Germany. In order to categorise future skills, the skill classification of the BEYOND 
4.0 project1 will be used. This chapter thereby focuses on the categorised transversal 
skills, i.e. digital, personal, social and methodological skills needed for the digital 
transformation. Accordingly, it is expected that not only digital skills, but also non-
digital skills will gain in importance in connection with a changed organisational 
structure, the increasingly fast pace of the working world and a related change in

1 The project BEYOND 4.0 has received funding from the European Union’s Horizon 2020 research 
and innovation programme under grant agreement No. 822296. 
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work culture. In the context of this chapter, skills shall be understood as “the stock 
of human capabilities that allow human beings to perform tasks” (Fernández-Macías 
et al. 2016: 30) and underpin the execution of tasks. 

This chapter will show the results of a qualitative study conducted within the 
BEYOND 4.0 project with various company representatives and other stakeholders of 
the steel industry in the Düsseldorf administrative district. It approaches the question 
of which skills employees and managers need for digital transformation. Despite 
supra-regional corporate strategies, the administrative district level is a suitable unit 
of analysis when focusing on skill needs and skill supply. We thereby refer to the 
concept of entrepreneurial ecosystems, assuming that not only companies and start-
ups but also other actors, processes and institutions such as universities and research 
institutions, the public sector in the form of business development and political actors, 
as well as educational institutions, banks and associations play a crucial role in the 
development of a sector within a region (Brown and Mason 2017: 15; Stam 2015). 

Such close links between actors from different sectors of society (e.g. economy, 
public, research, civil society) could indeed be identified in the steel sector of the 
Düsseldorf administrative district. Following an ecosystem approach, steel-related 
stakeholders in the region, including company representatives, experts from the 
federal employment agency and regional employment agencies, business develop-
ment agencies, chambers of industry and commerce as well as various research 
and educational institutions, were interviewed to share their expert knowledge on 
which skill demands for employees will arise as a result of digitalisation in the steel 
ecosystem. In total, 8 interviews were conducted and evaluated. In this way, concrete 
assessments of the questions were obtained from different perspectives in order to 
be able to qualitatively describe the effects of digitalisation on skill demands from a 
regional perspective. 

2 BEYOND 4.0’s Categorisation of Future Skills 

The determination of skill demands is fundamental in order to design skills supply 
appropriately and to teach the right skills, avoiding skill mismatches and operating on 
a common understanding of skill requirements among different stakeholder groups. 
The BEYOND 4.0 research project2 offers an orientation in that matter. Within 
the framework of the project, a systematic literature research on future skills was 
carried out, on the basis of which a skill categorisation was developed. The literature 
reviewed did not necessarily refer to individual sectors, as the skill categorisation 
aims to present skills that apply to all sectors, and thus to the digital world of work 
in general. This categorisation serves as the basis for the empirical results of this 
chapter and structures the findings.

2 The project BEYOND 4.0 has received funding from the European Union’s Horizon 2020 research 
and innovation programme under grant agreement No. 822296. 
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One finding with regard to the categorisation of future skills of the digital trans-
formation was that not only digital, but also non-digital skills, in the form of personal 
(e.g. required personal traits, e.g. adaptability to technological changes), social 
(e.g. communication/collaboration) and methodological skills (e.g. problem-solving) 
gain importance in the course of the digital transformation while job-specific skills 
(including work experience) remain important (see explanations of the categories 
below; Kohlgrüber et al. 2021: 2). Within BEYOND 4.0’s skills framework, primarily 
those non-digital skills were considered that tend to gain in importance across 
different professions in all sectors due to the influence of digitalisation (Kohlgrüber 
et al. 2021: 20). 

The central role of digital skills is recognised in all the studies examined (e.g. 
Gonzalez Vazquez et al. 2019; Bughin et al. 2018; Kohlgrüber et al. 2021: 35). In this 
analysis, a distinction will be made between basic, moderate and advanced digital 
skills. It is a common result of different broader studies that basic digital skills are 
already important in most occupations and at all skill levels and will become even 
more important in the coming years (Kohlgrüber et al. 2021: 35; see also Cedefop 
2020; Gonzalez Vazquez et al. 2019). Basic digital skills thereby mean basic computer 
skills like handling a mouse or scrolling up and down on screens and creating and 
reading digital documents. While moderate digital skills are mainly important in 
medium-skilled jobs and especially in jobs with administrative tasks, literature shows 
that advanced digital skills are particularly required for jobs of higher-skilled workers 
and are closely linked to job-specific skill demands. Moderate digital skills thereby 
refer to word-processing or creating documents and/or spreadsheets, while advanced 
digital skills refer to rather sophisticated tasks like programming (cf. Kohlgrüber 
et al. 2021: 35). Digital skills also include, among others, the use of digital devices, 
cybersecurity, the secure handling of data, including their analysis and interpretation, 
as well as the use of complex digital communication tools (Kohlgrüber et al. 2021: 
33). 

In the context of BEYOND 4.0, personal skills are understood as skills or rather 
personal traits that people need in order to fulfil their working tasks and to succeed in 
the modern world of work (Kohlgrüber et al. 2021: 35). Such personal skills include 
self-reflection, integrity, sense of responsibility, motivation, willingness to take risks 
and personal attitude, for example in the form of openness or values (cf. Abel 2018: 
28). In close connection with openness, adapt to change is one of the most important 
personal skills in the context of the digital transformation, as is the ability to learn 
new skills. The basic assumption here is that further education and lifelong learning 
are becoming enormously important in the course of digitalisation (Janis and Alias 
2018). 

Social skills include all skills related to interpersonal interaction. They include 
basic communication skills such as the exchange of information as well as more 
complex social interaction skills such as skills for teamwork or other types of coop-
eration, intercultural skills, the coordination of social networks, conflict resolution 
strategies, teaching, mediating, negotiating and persuading as well as the knowl-
edge of how to appear polite and friendly (Kohlgrüber et al. 2021: 36). Social skills 
are gaining in importance in the course of digitalisation, also due to a change in the
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organisation of work. At the same time, it is assumed that the demand for social skills 
will increase in the future, as these are skills that are difficult to automate from a 
technological point of view (Cedefop 2019 and Eurofound 2018). It is also expected 
that especially skills related to leadership and management, negotiation skills as 
well as interpersonal skills and empathy will gain in importance in the coming years 
(Bughin et al. 2018; DRIVES  2020). 

Advanced methodological skills are needed to find strategic solutions to achieve 
a defined goal (Kohlgrüber et al. 2021, p. 36). For such a systematic approach, prob-
lems need to be analysed and understood before creative solutions can be found 
and prioritised. Problem-solving skills as well as creative and analytical thinking are 
required in this context (Abel 2018; OECD 2019). In addition, basic methodological 
skills such as literacy and numeracy are seen as important prerequisites for the acqui-
sition of digital skills and form another category of methodological skills. Such basic 
methodological skills include also basic language skills and cognitive skills. They 
form the basis for lifelong learning (OECD 2019). In addition, basic methodological 
skills are crucial for individuals to benefit from the digital transformation. This is 
not least because these skills are essential for employability and make an important 
contribution to the inclusion of people in digitalised work processes (Kohlgrüber 
et al. 2021: 36). 

Job-specific skills form another category with regard to future skills and are also 
part of the BEYOND 4.0 skills classification, even though they are not in the focus 
of this chapter. Such job-specific skills relate to the specific field of work, domain or 
occupation in question. In this way, job-specific skills form a counterpart to general 
or transversal skills, as they refer to the use of specific knowledge. However, the exact 
consideration of so-called job-specific skills, which are assigned to individual fields 
of activity, is difficult in the empirical analysis. Since there are myriads of different 
jobs and occupations, it seems difficult to gain an overview of the skills required for 
them. For this reason, in this chapter, job-specific skills are not considered in the 
empirical analysis. 

3 Focusing on Steel in the Rhein/Ruhr Area 

The Ruhr region and Düsseldorf administrative district are of particular importance 
as a steel location for various reasons: Even though the steel sector is now heading in 
a climate neutral direction with the aim of replacing coal with hydrogen, in the past 
(and to this day), coal played a significant role for steel production. The Ruhr region 
and the city of Duisburg have thereby always benefited from rich coal deposits in 
the region. Furthermore, Duisburg’s location directly at the river Rhein makes it an 
ideal location for the production of steel (Röhl 2019: 49) and the import of more 
coal from other regions and countries. After all, the river can be used to transport 
bulk goods such as iron ore, which are also needed for steel production—the city’s
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steelworks still obtain ores from Rotterdam via the Rhein.3 The Ruhr region itself, 
which today is one of the most densely populated, largest conurbations in Europe, 
grew “around industry”, so to speak (Hahn 2011: 43). Thus, the expansion of the 
transport infrastructure in the form of a rail and road network connecting the various 
locations preceded the population growth and urbanisation in the region.4 The Ruhr 
area has developed over the decades into the largest steel region in Europe and the 
Ruhr region has established itself strongly in the metal industry. 

Over the years, steel production in the Ruhr region and in general has changed 
drastically, even before digitalisation and decarbonisation. German steel companies 
are producing more and more efficiently. Labour productivity, measured in terms of 
crude steel production per employee, has almost tripled in the last 30 years (Küster-
Simic et al. 2017: 19). Also, employment figures of the steel ecosystem show that 
there have been enormous staff cuts in recent decades: while the Duisburg coal and 
steel industry of the 1960s employed around 160,000 people, today this figure is 
around 21,000 (Berger 2007: 5). Despite this enormous decline in employment, the 
steel sector is still by far the largest employer in the city of Duisburg (Bundesagentur 
für Arbeit 2020). In addition to the depth of added value of the steel product, the 
high indirect employment of the sector, which is not included in the statistics, should 
be emphasised. If suppliers and other service providers are included, experts assume 
that a total of around 40,000 people are employed in the steel sector in the city of 
Duisburg.5 

The city of Duisburg generally occupies a special position in the analysis of the 
ecosystem. However, the capital of North Rhine-Westphalia and eponym for the 
administrative district of Düsseldorf also plays an important role in the ecosystem. 
After all, for a long time, the administrative headquarters of numerous iron and steel 
producing companies as well as steel associations were located in the state capital 
Düsseldorf. 

4 Empirical Findings on Skill Demands in the Steel 
Ecosystem 

In the following, the empirical results on skill demands and changes in skill demands 
due to digitalisation from the qualitative interviews are summarised. The thematic 
focus is on skill demands in the steel ecosystem, the structuring element being the 
transversal skill categories defined in the BEYOND 4.0 project, which gain impor-
tance across different jobs and occupations. The results are divided into digital, 
personal, social and methodological skills.

3 Expert intermediary, 08_12_2020. 
4 Expert intermediary, 08_12_2020. 
5 Expert intermediary, 08_12_2020. 
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Digital Skills 

Overall, new tasks appear to be emerging at all skill levels in the steel industry as 
part of the digital transformation, which are accompanied by changed skill demands.6 

The focus should now first lie on those skill demands that relate directly to the use 
of digital technologies or technologies in general. 

Based on the expectation of the experts surveyed, it appears that medium-
skilled workers in various occupations and fields are confronted with new soft-
ware and digital systems. The intensity and the question of whether basic, moderate 
or advanced digital skills are needed, varies depending on the occupational field. 
Changes affect office workers as well as skilled workers in production.7 Digital 
skills will particularly be demanded at the level of production management and 
quality assurance, as complex tools are already being used in this area.8 Skilled 
workers, accordingly, need an understanding of the function, operation and use of 
such technologies: “You cannot always use such technologies if you do not fulfil 
certain prerequisites. For this, of course, you have to understand how these technolo-
gies work and what you have to pay attention to. The demands on the employees on 
site then also increase”.9 

The steel experts interviewed expect high-skilled workers to have the highest 
requirements compared to other skill levels, while some interview partners assume 
that the demands for low-skilled jobs will not change dramatically in the near future.10 

One reason for this is that, from a companies’ point of view, digital systems ought to 
be easy to use, especially for the low-skilled. As it can be deduced from statements of 
the expert of one of the research institutes of the ecosystem, which has specialised in 
the development of digital solutions for steel companies,11 in many cases companies 
place high demands on the user-friendliness of digital technologies: “if [...] we come 
up with really great modern solutions, then the [steel plants] say, yes, that’s all great, 
but then the simple man at the plant (...) must also be able to understand and operate 
them. That is why we (...) try to design the solutions in such a way that they are as 
simple as necessary and possible for the end user”.12 The aim is thereby to reduce the 
need for complex training courses on digital knowledge at the low-skilled level.13 

One example for a digitalisation process that kept digital skill demand rather low 
are control terminals in steel plants and in the logistics halls of steel producers and 
steel processors that function similarly to smartphones, so that only basic digital skills 
are needed to use these devices by the operators.14 For example, mobile terminals,

6 Expert employee representative, 01_09_2020. 
7 Expert research, 27_04_2020. 
8 Expert research, 27_04_2020. 
9 Expert research, 27_04_2020, item 82a. 
10 Expert research, 27_04_2020; expert intermediary, 10_12_2020; expert company, 15_12_2020. 
11 Expert research, 27_04_2020. 
12 Expert research, 27_04_2020, item 82b. 
13 Expert employee representative, 01_09_2020. 
14 Expert company, 02_11_2020. 
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which are partly used in manufacturing by steel processors in the ecosystem, have 
Android interfaces. These types of interfaces are familiar to a large proportion of 
workers from everyday smartphone use. Yet, applications important in the work 
context differ from those on private smartphones, so their operation is still trained 
in the companies, but in a quick and easy way. Nevertheless, the focus here is on 
a user-friendly application and the attempt to reduce errors in dealing with new 
systems.15 

Accordingly, low-skilled employees are primarily required to have basic digital 
skills. However, such basic skills are not only a prerequisite for low-skilled workers, 
but for all skill levels for working with digital technologies. Basic digital skills 
include the use of end devices such as tablets, smartphones, laptops and computers 
or basic knowledge of Microsoft Office.16 The training of these basic skills is one of 
the most important tasks of various actors in the ecosystem, such as the employment 
agency, who has a mediating role between companies and training providers. Our 
respondents mentioned some challenges of providing basic digital skills as they 
are closely related to other basic skills. For example, methodological skills such as 
literacy and numeracy are essential for the acquisition of digital skills. In particular, 
language skills play a decisive role, so that teaching basic digital skills to migrants 
who do not have a certain level of German language skills is sometimes difficult: 
“We also have a large group of applicants with a migration background. We notice 
that digital skills would be important. But there is a step before that, namely the 
language component, which is also an issue for us […]. We would have potential 
and the means to qualify people, but oftentimes this is not possible due to the lack 
of language skills. Because of the language barrier, skilled people sometimes end up 
in unskilled jobs”.17 Here, the clear demand for language courses becomes obvious. 
Local employment agencies have increased the number of offered paid German 
courses for unemployed as a result. 

Although digital systems are playing an increasingly important role in almost all 
areas, advanced digital skills are a prerequisite especially for highly qualified jobs. 
Thus, not only IT specialists, but also other occupational groups such as engineers 
are increasingly required to set up and to have an in-depth understanding of digital 
programmes, according to some experts.18 Highly qualified as well as medium-
skilled workers in the steel ecosystem are also increasingly confronted with new 
technologies in work systems, which leads to new skill demands, for example with 
regard to programming and the secure handling of data and data protection. Conse-
quently, the share of jobs with a stronger focus on IT systems and programming is 
increasing in general.19 

15 Expert company, 02_11_2020. 
16 Expert intermediary, 10_12_2020. 
17 Expert intermediary, 10_12_2020, item 30. 
18 Employee representative, 01_09_2020; expert intermediary, 10_12_2020. 
19 Expert employee representative, 01_09_2020.



210 A. Götting et al.

Personal Skills 

Changes are taking place at a rapid pace in the digital transformation. According to the 
interviewed experts, employees are regularly confronted with new software, so that 
further education and ongoing training on new technologies are of great importance, 
especially at middle and higher skill levels. Lifelong learning is therefore becoming 
indispensable in the context of digitalisation, as programmes and digital systems are 
constantly being further developed and new digital elements are being integrated into 
companies at regular intervals. However, this statement does not only refer to the 
steel ecosystem, as this impression also seems to arise in other sectors: “We notice 
in the entire labour market that changes that used to take place within 15 years now 
happen within months”.20 

As a prerequisite for the development of the necessary learning skills, employees 
are required to be open towards new technologies and willing to learn and to change.21 

At the same time, this also requires determination, courage and trust on the part of 
employees as well as managers. The more these qualities are present in organisations 
in the steel ecosystem, the better digitisation can be implemented as a major trans-
formation topic, according to the experience of one of the company experts inter-
viewed.22 Accordingly, employees are required more than ever to recognise their 
own skill gaps and training needs. On the part of the employees, this requires a high 
degree of honesty and self-reflection in addition to proactivity and independence. This 
assessment of the interviewed experts was also confirmed by an in-house survey at 
one of the leading steel manufacturers in the ecosystem.23 Overall, the experts share 
the assessment that further qualification and training, respectively lifelong learning 
along all skill levels of the steel ecosystem are gaining in importance due to the influ-
ence of digitalisation. Accordingly, personal skills, which enable lifelong learning, 
are becoming fundamentally important for all employees.24 

At the same time, the leading companies in the steel ecosystem are characterised by 
low staff turnover. As a result, employees, even in the low-skilled spectrum, normally 
have a high retention rate in steel-producing and steel-processing companies, which 
in turn has a positive effect on the willingness of companies to provide further 
training.25 The fact that employees stay longer in the company makes the investment 
in their further qualification “worthwhile” from the company’s point of view. In 
many cases, regional steel companies consequently rely on in-house further education 
and training, so that the requirements for potential applicants are manageable. An 
interviewee from a local steel SME states that a completed apprenticeship on low 
and partly also lower medium job profiles is therefore not necessarily a prerequisite 
for a worker in the company. However, certain basic characteristics are required in

20 Expert intermediary, 10_12_2020, pos. 40. 
21 Expert company, 15_12_2020. 
22 Expert company, 15_12_2020. 
23 Expert network, 01_10_2020, expert intermediary, 10_12_2020. 
24 Expert intermediary, 10_12_2020. 
25 Expert company, 15_12_2020. 
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this context, which can also be described as personal skills, or rather, personal traits, 
including punctuality, diligence and reliability: “[T]he people we need have to be 
punctual, hard-working and reliable, and we teach them the rest”,26 as the company 
expert puts it. These prerequisites may sound self-evident, but various statements 
show how essential these qualities are and how difficult it seems to be, especially for 
smaller companies in the ecosystem, to recruit appropriate workers27 . 

Accordingly, personal skills such as the ability and willingness to adapt to change 
can be seen as a prerequisite to acquire digital skills related to the operation of tech-
nologies, programmes and systems. It is precisely these personal skills that play a 
decisive role not only in high- and medium-skilled jobs, but also in the low-skilled 
end. Although basic digital skills are currently mostly sufficient for low-skilled jobs, 
employees at this skills level may also be expected to constantly familiarise them-
selves with new digital tools, so that further training and education is likely to become 
an issue for low-skilled workers in the future28 . 

Social Skills 

Social skills have not only been important since the emergence of the terms Industry 
4.0, Industry 5.0 and digitalisation. Nevertheless, the digital transformation means 
that social skills are gaining in importance. Reasons for this include the changed 
organisation of work, which certainly does not affect all areas equally, but is never-
theless noticeable in many companies and departments. For example, topics related 
to digitalisation are often dealt with in interdisciplinary teams. The focus is thereby 
on project work, so that employees from different departments come together for a 
certain period of time to solve specific, internal company problems as is the case 
of one of the companies of our study29 . This exchange between different profes-
sional groups has increased the demands on interdisciplinary teamwork. After all, the 
working methods and communication cultures of different professions are not always 
compatible, even within the company—employees from marketing, for example, 
have different thematic focuses, work content and technical jargon than engineers or 
IT specialists. Accordingly, interdisciplinary cooperation comes with various chal-
lenges. At the same time, digitalisation is also shaping contact with national and 
international customers. Through communication tools, web conferences can be 
held across national and continental borders. As a result, especially more highly 
qualified employees increasingly have contact with people from different cultural 
backgrounds.30 Other drivers also play a role, such as globalisation. In the steel 
ecosystem and in the steel industry in general, company takeovers and mergers are

26 Expert company, 02_11_2020, item 18. 
27 Expert company, 02_11_2020. 
28 Expert intermediary, 10_12_2020. 
29 Expert company, 15_12_2020. 
30 Expert intermediary, 01_09_2020. 
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not uncommon, with the strongest competitors in the industry coming from China, 
so that employees are also confronted with other cultures and ways of working.31 

In addition, the importance of intensive customer contact is increasing in various 
sectors, including mechanical engineering. This is a development that has been 
ongoing for years and is accelerated by the use and possibilities of digital technolo-
gies, ultimately enabling the customer in the steel industry to intervene more and 
more in the design processes. As a result, the work pressure for employees increases, 
but also the communication requirements, as more and more people are involved in 
processes.32 The interviewed company experts confirm that the end customer plays an 
increasingly important role in development processes and is optimally integrated into 
production and design processes. Communication and cooperation are thus becoming 
more important aspects of the modern working world for more workers than before.33 

Social skills also include management skills. This point is also related to a changed 
organisation of work. Ultimately, forms of agile work are currently increasingly 
required, in which flat hierarchies are of great importance. According to the experts, 
the trend in companies with a high level of digital technologies is moving away from 
hierarchical structures towards cross-functional, cross-hierarchical work: “For many 
managers, it is a challenge how they should lead their team. Namely, via a tech-
nology that they sometimes have much less knowledge of than their team members. 
And if you are now in a culture where the boss always does everything best and 
if everyone believes that, then of course it is a problem. But our managers should 
also see their role more in coaching their team to success instead of being the one 
who brings solutions”.34 In this context, interviewed company experts emphasise 
that digitalisation should always be understood as a joint project, as various areas 
are important in the digital transformation. Accordingly, experts in technologies, for 
business aspects and for work organisation are also found in project teams. Ulti-
mately, managers have the primary task of bringing these different roles together 
and promoting successful cooperation.35 A high degree of empathy and sensitivity 
is thereby required on the side of managers. Nowadays, managers also have more 
and more the task of supporting the development of their employees, recognising 
needs and, if necessary, pointing out appropriate further training opportunities. Such 
a non-authoritarian leadership style seems to have already been implemented at least 
in the large steel plants of the Rhein/Ruhr ecosystem in the areas where digitalisation 
plays a role.36 

31 Expert intermediary, 10_12_2020. 
32 Expert employee representative, 01_09_2020. 
33 Expert company, 15_12_2020. 
34 Expert company, 15_12_2020, item 43. 
35 Expert company, 15_12_2020. 
36 Expert company, 15_12_2020; expert employee representative, 01_09_2020.
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Methodological Skills 

Methodological skills include basic skills such as logical thinking, numeracy and 
literacy as well as advanced methodological skills such as complex thinking, problem 
solving skills and creativity. Interviewed experts confirm that these skills are indis-
pensable for the acquisition of digital skills and the handling of digital technologies.37 

These skills also play a role independently of digital skills, as they contain the prereq-
uisites for the acquisition of further knowledge. Finally, as already mentioned, the 
in-house training of unskilled workers plays an important role in many cases, espe-
cially in the regional steel industry.38 So-called lifelong learning is of great impor-
tance, which in turn requires methodical learning skills. If these prerequisites are met, 
even unskilled workers in steel companies have the opportunity to undergo training 
and further their professional development.39 This impression is not only created 
by statements of interviewed experts from two companies, but also by assessments 
of other, company-external actors in the ecosystem. One of the company experts 
formulates it as follows: “We are a company that has almost no fluctuation. This is 
[...] good, because we have an infinite amount of time to develop our people. That 
means that when we hire people, it’s partly not a question of what they can do, but 
what they are capable of learning. We can train the people, so there are hardly any 
bad investments. It’s different when the average length of stay of the employees is 3 
years, of course you have to ask yourself whether it’s worth investing”.40 

The methodological learning skills that are essential for lifelong learning are 
becoming more important in the course of the digital transformation. Work content 
is changing at a rapid pace due to the influence of digitalisation. As it is difficult under 
such pressure of change to impart concrete digital knowledge on the long term, for 
example related to the function of a particular system, employees are more than ever 
required to develop methods that enable lifelong learning.41 In this context, experts 
observe that learning skills are more likely to be present in employees who have 
completed a degree or training and that it is therefore easier for them to familiarise 
themselves with new systems and structures at these levels: “The higher my skills 
are, and also my human capital, the higher the possibilities are to prepare myself for 
other things and to be retrained”.42 This also has an impact on recruitment processes 
in the steel ecosystem, as it is assumed in this context that disadvantaged labour 
market groups such as unemployed and unqualified workers lack learning skills and 
that the acquisition of digital skills as well as dealing with change will therefore be all 
the more difficult for them.43 The increasing demand for skilled workers in the steel 
ecosystem therefore can also be explained by the fact that completed training has

37 Expert intermediary, 10_12_2020. 
38 Expert company, 02_11_2020. 
39 Expert company, 15_12_2020. 
40 Expert company, 15_12_2020, item 17. 
41 Expert intermediary, 10_12_2020. 
42 Expert intermediary, 10_12_2020, item 11. 
43 Expert intermediary, 10_12_2020. 
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become more important against the backdrop of these developments, as it is expected 
“that someone with a completed training is also able to acquire company-specific 
knowledge more easily”.44 

Learning skills are closely related to flexibility and the ability to adapt to new 
circumstances and respond to change. In this context, analytical skills are also 
important, which are required in various areas, especially at higher skill levels.45 

For low-skilled employees, the pressure for education and further training is lower 
in comparison. However, it is evident that influences such as digitalisation, globali-
sation and internationalisation of markets lead to changes in forms of work and the 
labour market, so that skills will also require regular updates in the low-skilled end, 
at least with regard to future prospects, and therefore, methodological skills as well 
as lifelong learning play a role at all skill levels.46 

As digitalisation is accompanied in many places by changed processes and a 
changed organisation of work, the demands on the self-organisation of employees 
are increasing. Ultimately, digitalisation is also associated with new autonomy and 
more flexibility on the part of employees, which in turn leads to new demands 
on employees’ skills to organise themselves. Employees are required to recognise 
training and further education needs as well as weaknesses and deficits on their own. 
“Thinking outside the box” and developing an understanding for one’s own work are 
thereby demanded.47 

The use of digital technologies in various areas can reduce complexity and lead to 
simpler work processes; however, paradoxically, it becomes particularly complicated 
when problems arise in situations that do not correspond to routine work processes. 
In these cases, methodological skills such as problem-solving skills, understanding 
of systems, expertise and experience are particularly in demand.48 

5 Conclusion 

The empirical material of BEYOND 4.0 project, in which steel industry experts of 
the Rhein/Ruhr area were interviewed, illustrates the importance of non-digital skills 
in connection with digital skills. Digital skills, at least in basic form, are playing an 
increasingly important role at all qualification and skill levels. However, it is above 
all the requirements for the continuous learning of new skills in dealing with digital 
systems and software that play a special role. Personal skills, such as willingness to 
change and adaptability, as well as intrinsic motivation to increase one’s own level 
of digital skills are particularly important. In this respect, different skill categories 
are interacting with each other. Many of the non-digital skills can be seen as a

44 Expert intermediary, 10_12_2020, item 15. 
45 Expert intermediary, 10_12_2020. 
46 Expert intermediary, 10_12_2020. 
47 Expert employee representative, 01_09_2020. 
48 Expert employee representative, 01_09_2020. 
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prerequisite for the learning of digital skills. This becomes particularly clear with 
the methodological skills numeracy and literacy, without which it is difficult to learn 
digital skills. 

A central finding with regard to the skill demands in the steel ecosystem are the 
challenges that arise from the fast pace of digitisation. This fast-moving nature means 
that it is difficult to impart specific knowledge, especially in dealing with digital 
technologies, because the software and tools used change at regular intervals.49 As 
a result, non-digital skills are particularly in demand. The fast pace of digitisation 
has an effect above all on methodological and personal skill demands. Here, in 
addition to openness, the motivation and willingness to learn seems to be important 
for employees at all skill levels. At the same time, requirements for skills that enable 
lifelong learning, such as personal skills, are also increasing.50 Some of the experts 
interviewed emphasise that skilled workers and highly qualified people in particular 
are more likely to be trusted with these personal and methodological skills. In this 
context, the training or university degree is seen as evidence that the respective 
persons have the necessary learning skills and the necessary adaptability to better 
cope with change.51 This could indicate that formal educational qualifications will 
become even more important against the backdrop of digitalisation and increase the 
disadvantage of the low-skilled on the labour market or that some form of certification 
of being an apt learner might be needed. 

The degree to which digital skills are needed varies greatly depending on the skill 
level of the employee. For example, more digital skills are needed for higher skilled 
employees, while the challenges are less at lower skill levels. Experts in the steel 
ecosystem report that especially in the low-skilled sector a lot of value is placed 
on a high level of user-friendliness of digital solutions.52 It is questionable to what 
extent this development is also evident at other skill levels. Ultimately, in some cases 
this could lead to a loss of importance of skilled work, especially in the medium-
skilled sector, not necessarily with regard to formal educational qualifications, but 
with regard to the actual work tasks. In a second step, this could of course also 
have an impact on job advertisements and thus ultimately on formal qualification 
requirements. The described user-friendliness speaks rather against an “upgrading” 
of low-skilled jobs caused by digitalisation at this moment in time, but rather for the 
fact that employees at this level are not confronted with demands for advanced or even 
moderate digital skills despite the increasing use of digital technologies. In contrast, 
according to the experts, the demands for advanced digital skills are increasing for 
highly qualified employees.53 With the next waves of digitalisation this situation 
might change, as still more aspects of the production process get digitalised and ask 
for appropriate digital skills, also on the shop floor.

49 E.g. expert intermediary, 10_12_2020. 
50 Expert intermediary, 10_12_2020. 
51 Expert intermediary, 10_12_2020. 
52 E.g. expert research, 27_04_2020. 
53 E.g. expert employee representative 01_09_2020. 
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When the European Coal and Steel Community (ECSC) was established in 1952 to 
unite European countries economically and politically to secure long-lasting peace, 
steel production was one of the two main strategic industries in which a common 
European project was first launched. Today, the steel industry still represents a crit-
ical asset for the European economy and contributes to the development of a huge 
number of transforming industries, in particular the automotive, construction and 
infrastructure, robotics, advanced machinery and tools, and household appliances 
sectors. During the period till the end of the ECSC in 2002 and then beyond into the 
new millennium, the steel industry in Europe more broadly and within the EU has 
gone through significant waves of expansion, consolidation, modernisation, rational-
isation and shrinkage, and it is currently facing tremendous pressures and challenges 
(see Chap. 2). 

The EU steel industry has been dealing with urgent issues, such as overproduction, 
dumping from non-EU competitors, protectionist measures, high energy prices and 
serious environmental concerns:
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. The mid-to-long-term goal of achieving carbon neutrality presents one source of 
pressure for EU steel companies. Having already halved energy usage and CO2 

emissions since the 1960s, the self-conception and mission of the industry is to 
help the EU to reach its Paris Agreement climate change commitments.

. The last decade was characterised by increasing worldwide steel production 
capacities that led to growing imports in the EU, which in turn led to overcapacities 
in the EU steel market.

. Pressure also results out of the need to respond to the demands of the key customers 
of the steel industry e.g. the EU automotive industry as they transform their 
products and/or business models.

. Digitalisation presents the steel sector with incredible opportunities in the long 
term, but the implementation and integration of the smart technologies is never-
theless a big challenge for the industry. Not least, the international response to the 
COVID-19 pandemic has been to accelerate industrial digitalisation across the 
entire manufacturing sector through existing or new horizontal measures, which 
has created further pressure on the steel sector.

. Imported raw materials prices for steelmaking have become more volatile in recent 
years.

. The EU steelmakers have also been affected tremendously by the consequences 
of the ongoing war in Ukraine since the war has increased energy prices and 
accelerated inflation and raised interest rates the central banks.

. An aging workforce and scarcity of skilled labour are further challenges faced by 
the EU steel sector. 

This volume (and conclusion section) explores some of these challenges aiming 
to offer reflections and recommendations to the various stakeholders involved in the 
industry, as well as insights to researchers interested in the transformation of the 
sector. 

Despite all the challenges, the ambition of the European steel sector is to become 
the most advanced steel industry in the world. The European Steel Technology Plat-
form (ESTEP) describes the vision for the EU steel industry up to 2030 antici-
pating major changes, many of which will be driven by new scientific and techno-
logical developments, evolving customer and stakeholder demands, and the ambi-
tious European climate goals. Resilience has progressively (and rightfully) become a 
major concern in national and international debates and policies. To achieve industry 
resilience for the EU steel sector, current and future research needs to be focused 
on innovative techniques, such as more modular production lines, remotely operated 
factories, use of new materials, and real-time risk monitoring and management. In 
this context, digital technologies will enable resilience-enhancing approaches, such 
as data gathering, automated risk analysis and automated mitigation measures. 

To date, the sector has taken significant steps towards Industry 4.0 and evolving 
into a smart industry, even though the steel industry has been recognised as a mature 
sector with relatively minor technological updates, compared to, say, automotive for 
example. Steel companies are digitising their manufacturing processes by integrating 
4.0 technologies into the melting, casting, rolling and finishing sub-processes. The
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manufacturing models are changing with the adoption of smart technologies such as 
Internet of things (IoT), Artificial Intelligence (AI), robotics, predictive maintenance 
and so on. The use of digital technologies is resulting in a new stage of automation, 
which enables more efficient and creative processes, products and services. In addi-
tion, the adoption of new technologies aims at improving energy efficiency and at 
monitoring and controlling environmental impacts (see Naujok and Stamm 2017). 

The digital transformation of the steel industry together with strong demands 
to put the sector on a more environmentally sustainable footing and to align with 
European climate objectives represent the main drivers for increasing energy and 
resource efficiency and contributing to keeping materials in use for a longer time. The 
European steel sector has been undergoing continuous and considerable changes due 
to these key factors in the last years. The sector’s digital transformation and its move 
towards a circular economy can further be supported by exploiting synergies between 
the different EU initiatives. Moreover, as the European steel industry continues to 
face substantial challenges, it is imperative that a coordinated effort of unions and 
employers is directed towards achieving net zero emissions (Antonazzo et al. 2021a). 
It is more essential than ever that unions work together with employers as the industry 
takes on, perhaps, the greatest challenge it has ever faced. 

A new relationship between environmental sustainability and competitiveness is 
emerging. The simple externalisation of costs associated with pollution and nature 
depletion is no longer an option. Changing consumer demands and societal values, 
together with a regulatory environment that makes unsustainable steel production 
more and more costly, offer an opportunity for the European steel industry to increase 
its competitiveness by embracing sustainable production regimes. Costs related to 
energy transition and the EU environmental legislation represent, on the one hand, 
two pressure factors for the EU steel industry as they constitute a significant share 
of fixed costs compared to global competitors. On the other hand, in the last few 
decades, these policies and legislation have represented drivers for companies to 
adopt measures and solutions for facilitating innovation to stay competitive. New 
relationships between environment and industrial competitiveness have recently been 
mainly based on innovative solutions to achieve both environmental protection and 
industrial competitiveness (Eurofer 2023). And these new relationships are backed 
up with policies and legislation. 

Of course, not all regulations are beneficial to the industry. Some specific regula-
tions and policies, although encouraging the implementation of innovative measures 
in the steel sector, can limit the industry. The key to overcome these potential disad-
vantages for EU steel companies is to have clear, consistent, and less bureaucratic 
legislation and policies as well as economic incentives. Increasingly stringent envi-
ronmental legislation represents a push factor for the steel sector to implement digital 
technologies for coping with energy demands, improving energy efficiency and 
adopting low-carbon energy systems (Antonazzo et al 2021a; Eurofer 2023). The 
transformation of processes through digital technologies (e.g. through the adoption 
of high-performance components, machines and robots to optimise the materials 
and energy consumptions) can help to significantly reduce emissions and improve 
resource efficiency, by optimising materials and energy consumption.
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As argued in various chapters of this volume, the ongoing transformation of the 
steel industry does not involve only a technological dimension but needs to be accom-
panied by a complementary process of social innovation that recognises that technical 
fixes need to be run within an adequate and supportive social framework. As it has 
been noted in this volume, the technological transformation will entail a social one 
too and the need, for example, to recruit, retain and develop a highly skilled workforce 
(by means of, for instance, addressing the industry’s poor image to attract new talent, 
develop iterative upskilling and shift the focus of training from solely technical to 
include more in the way of transversal skills at all levels, etc.). It is noted, moreover, 
that the industry’s social transformation is not only determined by technological 
innovations and questions of sustainability alone, but is part of interrelated processes 
of globalisation, internationalisation, privatisation, rationalisation and restructuring, 
among other pressures (e.g. Fairbrother et al 2004; Eurofer 2022. See Chaps. 2 and 
3 of this volume, for example). 

The recently proposed EU Industry 5.0 approach envisions a way to overcome 
some of the challenges addressed in this volume, along with the social innovation 
that the EU steel industry is confronted with. While in Industry 4.0 technologies are 
deemed to have an inherently transformative potential, the Industry 5.0 concept flips 
the perspective and provides a holistic framework that emphasises the importance 
of environmental and social elements when it comes to implementing Industry 4.0 
technologies. It highlights not only a sustainable and resilient industry but also the 
human-centric orientation, developing technology for people and at the same time 
addressing societal challenges. As Chap. 3 notes, what is needed is an overview of 
the state of the art and the preconditions for integrating the Industry 5.0 perspective 
(human-centric, resilient, sustainable) and a framework for engaging stakeholders, 
raising awareness, increasing acceptance, gathering and exchanging good practices, 
enabling policy and regulations, developing indicators and so on. 

What emerges is the need for an evidence-based and long-term management of 
the European industry workforce and skill needs, which accounts for an inclusive 
working environment and empowered workforce strategy to build a human-centric 
European industry. Multi-level and multi-stakeholder governance that engages the 
relevant societal domains (industry, policy, research and education, civil society) is 
the necessary ground for setting the foundations for a comprehensive social inno-
vation process and an Industry 5.0 roadmap. As such, the transformation of the 
European steel industry might well be led in many ways by ‘science’ and techno-
logical innovation, but its people must be part of the journey too–it requires a social 
consensus on the direction it takes. 

Furthermore, what many of the chapters in this volume have focused on is that 
to realise a healthy, digital, green and social transformation, the industry requires 
the right people and the right skills. To meet the industry’s future challenges it 
must be cognisant of, and active on, demographic changes occurring in the sector, 
and focus on recruiting and developing a multi-skilled and competent workforce 
(White Research et al. 2020). The workforce needs to be skilled and qualified to 
handle the implementation of smart technologies, contemporary business models
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and organisational structures. This is only possible through: (1) upgrading the skills, 
knowledge and credentials of the current workforce and (2) recruiting new talents. 

A workforce with updated skills is key for the steel sector to keep up with growing 
digitalisation, and to adapt to green transformation and novel working systems. 
The initial step of this continuous re-skilling and up-skilling of the workforce is 
addressing the current skills needs and trends, as well as foreseeing future ones. 
Once the anticipated evolution of skills needs is identified, a long-term methodology 
may be established for reducing the skills gap between the industry expectations 
and the current workforce. Such a methodical approach would ideally provide tools 
for the recruitment of new talents, as well as introduce well-designed education and 
training infrastructure developed by society-wide effort, and redesign work processes 
(see Chap. 12). 

The steel industry has already invested considerable sums in innovation and in 
research and development. At the same time, it is (and will continue to be) necessary 
to invest in the current and future workforce. Considering that it will be a relevant 
investment, it will be necessary to involve in future educational activities not only 
steel companies, but also national public education authorities, training and educa-
tion providers, so that these correspond to the current requirements for an educated 
workforce of steel and metallurgical companies. At the same time, it will be critical 
to introduce concepts of lifelong learning on the part of employees, who will have 
to continuously respond to new concepts and production changes that are constantly 
coming. 

Research from ESSA and other projects presented within this volume, as well as 
the reflections offered by industry professionals, has pointed out how many workers 
in the industry still lack adequate digital skills despite the increasing digitalisation 
of workplaces. One of the perhaps more interesting arguments presented in this 
volume is the importance of (non-digital) transversal skills in connection with digital 
(Anotonazzo et al., 2021c). Digital skills, at least in their basic form, are playing an 
increasingly important role at all qualification and skill levels. When it comes to 
higher digital skills (e.g., programming), however, the degree to which these are 
needed varies greatly depending on the skill level of the employee. For example, 
stronger digital skills are needed for higher skilled employees, while the challenges 
are less demanding at lower skill levels. 

The research presented in this collection demonstrates, however, that the acqui-
sition of digital skills depends on the prior acquisition of transversal or soft skills 
such as the willingness to change, autonomous learning and adaptability, as well as 
intrinsic motivation to continuously improve and adapt one’s competence and skill 
levels are particularly important in this respect. As many different types and forms 
of skills interact with each other, many of the non-digital soft skills can be seen 
as a prerequisite for the learning of digital skills. This becomes particularly clear 
with the methodological skills numeracy and literacy, without which it is difficult to 
acquire digital skills. Another central finding with regard to the skill demands in the 
steel ecosystem are the challenges that arise from the fast pace of digitisation. This 
fast-moving nature means that it is difficult to impart specific knowledge, especially 
in dealing with digital technologies, because the software and tools used change at
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regular intervals. This, once again, puts emphasis on the importance of soft skills 
(Antonazzo et al. 2021c). 

Continuous learning and the reskilling and upskilling of the workforce rely in 
part on robust company programmes (e.g. on-the-job training). But the founda-
tions rest on the development of well-designed Vocational Education and Training 
(VET) programmes devised to minimise the skill gap between the workforce and job 
profiles. VET programmes are required to provide theoretical knowledge, specialised 
technical skills, basic and advanced digital skills, and a wide range of soft skills 
(social, methodological, personal, etc.), along with on-the-job training to consoli-
date learnings. The ‘human capital 4.0’ approach proposed by Flores and colleagues 
is intended accordingly as a ‘holistic shift in terms of competence, well-being, educa-
tion and innovation’ (Flores et al. 2020). In line with this, Chap. 11 calls for a holistic 
shift in vocational education and training to enhance workers’ adaptivity, as well as 
businesses innovation and resilience (see Antonazzo et al. 2021b). 

The Covid-19 pandemic has also permanently changed the training approach 
of the steel companies. Fortunately, accelerated digitalisation in recent years has 
provided companies with the opportunity to improve their asynchronous training 
programs and provide new training opportunities for greater numbers of attendees 
through remotely delivered content by using software tools such as Teams or Zoom.1 

Recruiting new talents is another key to build a highly capable steel workforce, in 
addition to upgrading the skills of the current employees. The age structure in most 
European steel-producing companies is such that more than 25% of the workforce 
will leave the industry in the period 2020–2030. Therefore, to ensure competitiveness, 
attracting top talents to the EU steel industry is vital. However, it is first of all essential 
to pro-actively respond to talents’ needs and expectations (on both professional and 
personal aspects) by developing suitable work-life balance models. In addition, with 
a negative public image and an uncertain economic future, the steel industry in the 
EU does not look like a prospering and attractive place to work to potential future 
employees even if they have a personal affinity to steelmaking as a secure job and 
a good economic outlook are important criteria when choosing an employer (White 
Research et al. 2020). 

With these obstacles in mind, it is important to highlight the positive opportunities 
and chances for a career in the European steel industry, to counter-balance negative 
public perceptions. Therefore, the industry needs to step up its efforts in commu-
nication with the public and with potential candidates and to send a clear message: 
the European steel industry is a high-tech employer with state-of-the-art production 
facilities, strong research and development departments and develops sustainable 
solutions for its customers. It has a great opportunity to create exciting and innovative 
jobs and to communicate the upcoming innovative technological developments. 

For better and more sustainable products in our future world, steel, due to complete 
recyclability and versatile properties, is and will remain indispensable. However,

1 One example of this comes directly from the ESSA project and the steelHub developed in coop-
eration with Worldsteel (Steel University), which provides a repository of technical and transversal 
training programmes for many different roles within the industry. 
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the European steel industry will still have to deal with unequal conditions on the 
global market, unfair competition, overcapacity, protectionism, problems with the 
supply of raw materials. But an educated workforce and investments in research 
and development will support the transition to a greener and more sustainable steel 
production, and increase the potential for a competitive position on world markets. It 
becomes clear that the transformation of the steel industry needs to go in the direction 
of environmental and social sustainability, jobs and production stability, enhanced 
resilience and a skilled workforce. 
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