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Abstract: The ecological and digital transformations of the steel industry intensify already existing
skill shortages and create specific skill demands that are currently not being met. One of the main
problems in this sector lies in the lack of sufficient information on which skills companies need
and which skills trainings are suitable for today’s challenges. In addition, more information is
needed to provide more and better information for policy-making processes for getting the sector’s
workforce well-equipped for digitalisation and decarbonisation. This paper uses the framework
of skills intelligence in the steel sector, reflecting on theoretical developments and the application
of concrete tools in the European projects BEYOND 4.0 and ESSA. The main research questions
guiding this work are: To what extent is the concept of skills intelligence useful in the steel sector,
and how can it be applied in the steel sector in Europe? This paper provides empirical data based on
qualitative and quantitative research carried out in the mentioned projects. The main contribution
of this paper is the development of concrete reflections on the concept of skills intelligence based
on tools in the steel sector. This work operationalises the skills intelligence approach at sectoral
level, namely for the steel industry, and shows how this sector approach can be implemented at the
European, national and regional levels. The main findings suggest that skills intelligence in the steel
sector is not limited to the preparation and presentation of data but creates a governance structure to
mitigate skills imbalances.
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1. Introduction

As a result of the rapid digital and ecological transformation, the steel industry has
skills shortages and specific skills needs that are currently not being met [1,2]. One of the
main problems in the steel sector lies in the lack of sufficient information to know what
skills companies need, but also which skills trainings are suitable for the current needs. In
order for steel to continue to be produced in Europe, two processes must succeed over the
coming years: the decarbonisation of the industry and digitalisation in the steel industry,
which are explained in detail in the following section. These two megatrends are associated
with numerous challenges, which are also related to emerging skill demands and the supply
of green and digital skills. The situation is aggravated by the shortage of skilled workers in
the sector, which has been prevalent for years.

In this regard, the concept of skills intelligence has been the subject of debate for
decades and, in particular, has been conceptualised by the European Centre for the Devel-
opment of Vocational Education and Training (CEDEFOP) in recent years. This concept
suggests a process of identifying, analysing and presenting data on skills and labour market
information to improve decision-making processes. This data should be up-to-date and
developed in an expert-driven process so that it is interactive for key stakeholders and can
have real impacts on local ecosystems based on the steel industry. Although the concept is
gaining prominence, there are currently insufficient theoretical and empirical resources to
develop tools for understanding, studying and, especially, implementing skills intelligence
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in specific sectors. We argue that the concept of skills intelligence provides an adequate
foundation for identifying needs and tailoring skills to a sector as challenged as the steel
sector, and this can set a precedent for other sectors. We therefore provide a framework
with sectoral skill intelligence tools. This framework provides empirical evidence based on
two European projects in the sector and provides reflections on lessons learned.

1.1. Research Problem

The European steel sector has been struggling for years to attract new talent to the industry.
The great challenge of recruiting or training the appropriate skills and thus suitable workers
is exacerbated by the shortage of skilled workers in the steel industry ([3] (p. 2); [4] (p. 4); [5]).
The image of an “old industry” which is not usually perceived as modern and is associated
with a harsh working environment, seems to be a major hurdle in attracting talent [6] (p. 94).
For example, the steel industry has the image of being a polluter of the environment and
local communities [7] (p. 6). At the same time, redundancies and shift work also make
working in the steel industry unattractive for skilled workers. Against the backdrop of a
pronounced skills shortage, the two megatrends of decarbonisation and digitalisation offer
not only major challenges but also opportunities [7] (p.10). For example, if the European
steel industry makes the transition to a digital and green sector, the ongoing modernisation
and restructuring of the industry can also have a positive impact on its image and on
recruitment prospects. Understanding steel as a “permanent material” can make it a
pioneer of the circular economy. The implementation of decarbonisation and digitalisation
is also accompanied by new and modernised job profiles as well as a modernisation of the
organisational structure, i.e., the way companies work internally, which in return could
attract skilled workers and modernise the steel sector [7] (p. 10).

Decarbonisation and digitalisation: the duo for the transformation of the steel industry

Steel is a major producer of carbon dioxide, with the steelmaking plants in particular
producing emissions on a large scale ([8] (p. 2); [9] (p. 1); [10] (p. 1)). The European steel
industry now faces the major challenge of having to significantly reduce its carbon footprint
in the coming years and decades. The European Union’s goal is to become carbon neutral
by 2050—a major challenge for the European steel industry, which entails high costs and
efforts ([8]; [11] (p. 2); [12] (p. 4)). The climate targets also affect the competitiveness of
European steel producers, as after all, steel continues to be produced in different countries
of the world in which costs are lower and no climate restrictions exist [13] (p. 342). Despite
the currently limited competitiveness of European steel producers, the assumption is that
the direct and indirect costs of carbon dioxide emissions will have a long-term impact on
the economic situation of the steel industry in addition to the ecological effects [14] (p. 3).
Consequently, decarbonisation has now become the most important transformation issue
in the European steel industry and is a top priority, particularly for large steel produc-
ers. The green transformation is challenged by investment cycles of 10 to 15 years, with
multibillion financing needs and limited supplier capacities [8] (p. 3). One of the main
current goals and a heavily debated topic is the use of hydrogen to replace coal as a main
energy source ([8] (p. 3); [11] (p. 3)).

Digitalisation is the second major transformation theme in the industry and can also be
perceived as an enabler for the green transformation [5] (p. 38). Thereby, further digitalising
of the steel sector and making better use of industrial data can enable new business models
and optimise steel supply chains [15] (p. 11). Qualitative insights into German steel
companies, which were collected in the BEYOND 4.0 project (Beyond 4.0 project is a project
has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No 822296.), show that large steel producers in Europe
are driving digital processes forward. Digitalisation is mostly used for process optimisation
and also serves to become more effective and efficient ([4] (p. 3); [16]). Furthermore, digital
technologies have the potential to “speed up the deployment of breakthrough processes
and product innovation” [15] (p. 11).
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Transformation must go hand in hand with the adaptation of skills

The current debate on the decarbonisation and digitalisation of the steel industry often
focuses primarily on technological aspects, however, having the skills for these transfor-
mations is the main bottleneck to their success and implementation [4,5]. The complexity
of processes is increasing due to the influence of decarbonisation, while the operation of
steel plants using innovative decarbonisation technologies requires new skills [1] (p. 27). A
similar picture emerges with regard to digitalisation, a process that is changing skill require-
ments at all levels of qualification, creating new demands, which are linked to the need for
constant updating and supplying of employee skills [15] (p. 11). Consequently, there is an
urgent need for new learning and training programmes, since the teaching of additional
skills (upskilling) or new skills (reskilling) is becoming more relevant ([1] (p. 27); [17]).

To address the need for new skills, the first step is to identify the skills that are
currently needed. In this sense, we argue that skill intelligence has the potential to be a
helpful concept for identifying skill demands and developing a proactive strategy to meet
the skill needs for a digital and green transformation of the steel sector (see definition of
skills intelligence in Section 2). The strategies of the European Union for these challenges
also include the development and implementation of an action plan for a competitive and
sustainable steel sector (see [15]). This action plan is based on a strategy to offer innovative
and high-quality products and thus stay ahead of the technological curve. In addition to
the implementation of new technologies (such as intelligent manufacturing systems), one
of the main needs is a competitive, well-qualified and adaptable workforce with the right
skills to contribute to this strategy.

1.2. Research Questions

There is a gap in the research on skills intelligence, both theoretically and empirically—
the concept has been defined, but its mechanisms in concrete contexts remain largely vague
and are not highly conceptualised (see Section 2).

Therefore, the main two questions that led this work are: (1) To what extent is the concept
of skill intelligence useful in addressing the two main challenges facing the steel sector? and (2) In
which ways can the concept of skills intelligence be applied in the steel sector in Europe?

In order to answer these questions, we analysed the implementation of the concept
of skills intelligence in two European projects (BEYOND 4.0 and European Steel Skills
Alliance (ESSA) (ESSA project is a project has received funding from the European Union’s
Horizon 2020 research and innovation programme under grant agreement No 600886),
which are focused on the steel industry.

1.3. Methodological Approach

In this paper, we have carried out qualitative research to better understand skills
intelligence and its dimensions. At the same time, we have studied this concept by applying
it in European projects in order to observe the implementation and evaluate tools that lead
to the development of skills intelligence.

Firstly, we have analysed the concept of skill intelligence and developed a theoretical
framework. Secondly, we have analysed two projects (BEYOND 4.0 and ESSA) and their
tools under the umbrella of this framework of skills intelligence.

We have selected these two projects because they both address skills shortages in the
steel sector and current European challenges, such as digitalisation and decarbonisation,
but also because these projects represent a strong effort to mitigate skills imbalances and the
development of ecosystems that work together in the modernisation of the steel industry
in Europe. An additional rationale for selecting these projects is that they represent the
European context, where the concept is particularly relevant and has been developed by a
decentralised EU institution.

In the third step, conclusions for the validity of the concept of skills intelligence and
its further development and concretisation are drawn. This is done following the research
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questions on the basis of the empirical results of the qualitative investigation of the project
work and its findings.

1.4. Structure of the Paper

In the following Section 2, we present the theoretical framework of this concept, its
origin and the main elements that integrate this concept. In Section 3, we introduce the two
projects and the tools selected for this analysis. In Section 4, we present the main findings.
Finally, in Section 5, we draw conclusions and provide a discussion.

2. Defining a Framework of Skills Intelligence

In this section, we introduce the concept of skill intelligence as a framework and
propose key elements to understand the definition. Selected dimensions of this concept
provide the basis for the analysis in this paper and the tools used in the two projects.

The use of data is becoming increasingly important in a modern world characterised
by the growing complexity and interconnectedness of information. In terms of the labour
market, the question has been raised about how information can be processed in such a
way that it actually enables informed skills-related decisions. In labour market and skills
statistics, the terms “labour market intelligence” or “skills intelligence” are concepts in use
since the late 1980s. They highlight the importance of how relevant data can be used to
make informed decisions. In Hasluck’s [18] concept of a labour market information systems
(LLMIS) the differentiation between data, information and intelligence plays an important
role. He sees data as simple facts, information as “results from the selection and manipulation
of data into something more meaningful” and intelligence as “a small sub-set of information
which relates to key or essential elements of processes” [18] (p. 9). This author recognised
the labour market information system as a “complex of people, equipment, and processes
which interact”, what is supposed to produce information and intelligence from data “to
assist in decision-making” [18] (p. 9).

The use of the term “intelligence” to describe a favourable result of data usage has been
also used by policymakers. In the United Kingdom, a government initiative defined labour
market intelligence in 2004 as an “interpretation of labour market information” that “refers to
subsets of information that have been subjected to further analysis”, whereas labour market
information refers to “quantitative and qualitative data found in tables, spreadsheets, maps,
graphs, charts, reports, newspaper articles or anecdotally” [19] (p. 12). In this way, the term
labour market intelligence is differentiated from labour market information, especially in
the interpretation of data to inform policymakers in policy-making processes.

Skills intelligence in the European Union and introduction of a Definition

In 1975, the European Union founded a decentralised institution, the European Centre
for the Development of Vocational Training (CEDEFOP), with the aim to develop expertise
and cooperation in Vocational Education and Training (VET) policy, skills and qualifications
between different members of the European Union. CEDEFOP has been working with the
concept of labour market and skills intelligence for over a decade [20] (p. 1). This concept,
whose short name is skills intelligence, was used to frame the Skills Panorama Platform in
2012 [21] (p. 17), which is now the Skills Intelligence Platform [22]. Recently, this concept
was also presented in the European Skills Agenda of the European Commission [23] (p. 8)
as a crucial step in creating the foundations for people to acquire the skills needed in their
current jobs.

CEDEFOP defines skills intelligence as such:

“Skills intelligence is the outcome of an expert-driven process of identifying, analysing,
synthesising and presenting quantitative and/or qualitative skills and labour market
information. These may be drawn from multiple sources and adjusted to the needs of
different users. To remain relevant, skills intelligence must be kept up-to-date and adjusted
when user needs change. This requires the expert-driven process to be continuous and
iterative.” [24]
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We recognised that the skills intelligence perspective has generally been integrated
into the EU policy; however, very little research has been done. Therefore, in this paper, we
build on this definition and reflect on the need to further develop the concept. Some key
elements of this definition are:

• Skills intelligence is the outcome of processing data, such as data preparation and
presentation (see also [18,19])

• The data preparation and presentation is to be directed towards specific target groups
• The importance of information up-to-date
• The important role of experts in the process

In the process of building skills intelligence, tools that help to understand the concept
should be considered. CEDEFOP has developed such tools (see [24]), and other institutions
also developed some tools that contribute to this (see [25]). The classification of tools for the
development of skills intelligence is relevant in order to capture the specific contributions
of each of them.

We identified two dimensions crucial to the development of skills intelligence: the
geographical scope and the purpose of the data, which we present in the following Table 1.
These dimensions provide the framework for the analysis of our empirical data and are
explained in the following lines.

Table 1. Two dimensions of skills intelligence analysis.

Dimensions for the Development of Skill Intelligence

Geographical scope Purposes

• national
• regional
• European

• for company-specific (individual) skills
demand and supply

• for policy strategy/policy development

Geographical scope: the geographical scope as the name suggests, refers to a geo-
graphical area. By studying different examples, we identify tools at the European, national
and regional levels that provide cumulative information on the situation for their respective
levels. These tools are often designed to support decisions on one of these specific levels,
adapted to regional contexts and target groups. Some examples for regional or national
tools can be found in the Dutch labour agency ([26], for details see [27]) or in FutureLan in
the Basque Country [28].

Purposes: this dimension concerns the aim for the development of skills intelligence.
In this dimension, we identify two types of objectives: on the one hand, to identify the
supply and demand of skills in companies, and on the other hand, to develop policies.

• For company-specific (individual) skills demand and supply

This dimension is related to the demand and supply of skills, which must always
ensure that information on skills is equally available. On the one hand, a company looking
for training modules receives information about a possible increase in skills, but can only
make a good decision if it also knows what skills the company needs. On the other hand, a
training provider may be aware of the skills it provides, but not know which employers
need its skills. Therefore, information on both the demand and supply of skills is needed to
make good decisions.

• For policy strategy/policy development

The systematisation of the different skill intelligence and skill matching tools means
that each of them provides macro-level information to policymakers, associations and
the public at large that helps them to better understand the macroeconomic situation
of a sector, a region or a country. Some examples of this, which help to shape policy
strategies, but do not help to support the skills-related decisions of individual actors, such
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as enterprises, employees, job seekers and training providers, can be found in the EU Skills
Intelligence Platform [21].

3. Skills Intelligence in Practice

Skills intelligence tools differ in their operating mechanisms, and this has consequences
for their target groups. Therefore, one of the main contributions of skills intelligence is
to identify needs but also to provide information and evidence for stakeholders to make
better informed decisions on skills supply and demand. Skills intelligence is important for
the steel sector because this concept helps to identify the status quo in terms of skills needs
and skills supply. This section presents the two projects in which this research has been
carried out and explains some of the tools based on them. The framework of these two
projects reflects a European perspective on the steel industry.

3.1. Introducing Two Projects: BEYOND 4.0 and ESSA

The BEYOND 4.0 [29] project analyses the social and economic impact of digital
transformation on jobs, business models and welfare. The main aim is to help shape “an
inclusive European future” using a multidisciplinary and innovative research approach.
The project explores the extent to which digital technologies have the potential for the
inclusion of disadvantaged labour market groups and can thus promote their employment.
It is particularly important to provide knowledge for better inclusion of these groups.
Additionally, in this context, the project investigates and identifies the skills that workers
and managers need to work with new technologies. Within the framework of the project,
a categorisation of future skills was developed, which provides information about which
concrete skill requirements are gaining in importance or are newly emerging within the
framework of digital transformations. Above that, future skill demands of the digital
transformation are compared with the supply side of education and training systems and
providers, in order to clarify skill gaps and improvements. This article mainly presents the
qualitative results of the project, which allow conclusions to be drawn on how the supply
of qualifications can take place at a regional level.

The European Steel Skills Alliance (ESSA) [30] is a multi-sectoral and multi-stakeholder
cooperation, which was established to support upskilling and reskilling actions in the
European steel industry. The project thereby aims to improve the competitiveness of the
steel sector through a well and highly skilled workforce. Within a common framework of
European and national innovation ecosystems, the project was launched with 24 partners
from Poland, Spain, Germany, Italy, the United Kingdom, Belgium, Finland and the Czech
Republic. Additionally, different types of organisations are represented, such as steel
companies, research institutions, sector associations and also trade unions. The regional
level is also taken into account in the project structure, as the project results are presented in
the form of a roll-out into different steel regions in Europe. The project partners include key
European stakeholders of major importance to the steel sector. Thus, companies, education
and training institutions, associations and social partners, as well as research institutions
contribute to the project. This core partnership has been complemented by a growing
number of partners, so the alliance now has around 40 committed organisations. This
provides a solid basis for sustainability, not only during the project but also beyond the
funding period. ESSA also provides detailed information on the specific skills needs of the
steel sector and their corresponding categorisation. The skills categorised in this project are
not only relevant for the digital transformation but also for the green transformation and
decarbonisation, a particularly important topic in European industrial sectors.

In the following section, we present two levels of analysis: firstly, a category of skills
based on Beyond 4.0, and secondly, examples of tools used in ESSA (see Table 2), which
provide a concrete perspective on tools for the development of skills intelligence.
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Table 2. Overview of projects.

Project Name Tools and Methods Contributions for Skills Intelligence Main Sources

ESSA

• steelHub
• Technology and Skills Foresight

Survey & Panel
• Skills Assessment Template
• National and Regional Rollout

Example of tools to develop
skills intelligence cf. [31,32]

BEYOND 4.0

• Systematic literature review on skill
demands for the digital age

• Interviews with stakeholders in the
steel sector Rhine/Ruhr Germany

• Regional workshops with
steel stakeholders

Skills categorisation cf. [33] (p. 19); [34]

3.2. Analysis and Tools

1. Skills Categorisation: in the framework of Beyond 4.0, exploratory research was
carried out to develop a skills category, which was developed through a systematic review
of the skills needs of the digital transformation. Additionally, interviews and workshops
were conducted. The interviews took place with stakeholders (company representatives,
steel associations, steel-specific training institutes and research institutions) in the steel
sector in the Rhine/Ruhr region; they were asked about the skills demands of the digital
transformation. Finally, two regional workshops were conducted with steel stakeholders in
the same region.

2. Examples of Tools: In the framework of ESSA, different tools that help mitigate skill
imbalances were developed. Whereas some of them are more related to the preparation of
data (part of a so-called observatory), others present data and play a more important role
in the sustainability and project objectives.

3.2.1. Skills Categorisation

Before stakeholders can benefit from skills intelligence, there is the important question
of what skills needs to be addressed or what demands employees and companies will
face in the future. The importance of developing and using skills classifications is also
emphasised by [25] (p. 48). In this context, the BEYOND 4.0 project deals with the social
and economic effects of digitalisation, and in order to answer the question of concrete future
skill demands of the digital age, a classification for categorising skills was developed in the
BEYOND 4.0 project. The category system was developed by systematic literature research
on skill needs for the digital transformation (for specific details, see more in [33] (p. 19)).

The category system was developed through a systematic review of skills needs de-
scribed in these publications [33] (p. 19). The relevance of this categorisation lies in the
fact that the skill classification of BEYOND 4.0 makes a distinction between types of skills:
transversal skills, also referred to as general or non-technical skills, and job-specific skills,
also referred to as technical or professional skills. Transversal skills are of great importance
across different domains and occupations. Job-specific skills, however, are only important
in certain domains and within occupations [33] (p. 10). Therefore, the analysis of BEYOND
4.0 focuses on skills that are transversal and relevant across different jobs and disciplines.
Due to the huge number of occupations identified, it seems challenging to systematically
analyse job-specific skills, which are only relevant within individual jobs. Nevertheless,
job-specific skills continue to play a major role against the backdrop of the digital transfor-
mation. In this context, digital skills need to be added to job-specific skills, and not vice
versa (cf. [34] (p. 20)). Consequently, employees particularly need to combine job-specific
skills with digital skills.

BEYOND 4.0 distinguishes between personal, social and methodological skills with
regard to transversal skills, as the associated skills were identified as crucial for the digital
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transformation ([33] (p. 32); [35–38]). The reason why such cross-cutting skills, which are
not directly related to digital technologies, are gaining in importance lies not only in work
with digital tools, but also in a changed organisational and work culture, which in turn is
often caused by digitalisation. For example, the modern working world is characterised
by more—collaborative—project work, which requires increasingly social skills, namely
communication skills [39,40].

The following Figure 1 shows a visual representation of the skills categorisation of
BEYOND 4.0. At the top level are the four main categories (digital, personal, social and
methodological), and at the bottom level are the categories included in each of the skills. In
the following paragraphs, we explain in detail each of the skills categories.
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Digital skills

Digital skills include, among others, the use of digital devices, cyber security and
the secure handling of data, including their analysis and interpretation, as well as the use
of complex digital communication tools [33] (p. 33). The central role of digital skills is
recognised in all examined studies [33] (p. 35). Within the categorisation, a distinction is
made between basic, moderate and advanced digital skills. As various studies show, basic
digital skills are already of great importance at practically all skill levels and occupations
and will become even more important in the coming years ([33] (p. 35); cf. also [41,42]).
Intermediate digital skills, on the other hand, are mainly important in middle-skill occu-
pations, especially in administrative tasks. At higher skill levels, advanced digital skills
become necessary. In many cases, these are closely linked to job-specific skills.

Personal skills

Within the frame of the BEYOND 4.0 categorisation, personal skills are understood as
those abilities and personality traits that are necessary for people to fulfil their work tasks.
Personal skills can be understood as important requirements for succeeding in the modern
world of work [33] (p. 35). On the one hand, personal skills include personal attitudes, for
example, with regard to openness and values. In addition, self-reflection and motivation
as well as a willingness to take risks, integrity and a sense of responsibility are of great
importance, especially with regard to work in the digital age [43] (p. 28). A particularly
important personal skill against the backdrop of digitalisation is, in close connection with
openness, the ability to adapt to change, as well as the continuous learning of new skills.
Thus, personal skills are linked to lifelong learning, which will most likely significantly
gain importance in the course of digitalisation [44].

Social skills

Social skills include both basic communication skills, such as sharing information, and
more complex social interactions, such as teamwork or other forms of cooperation. These
complex social interactions comprise, for example, intercultural competencies, conflict reso-
lution strategies, mediation, teaching, negotiation, persuasion and maintaining a polite and
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friendly appearance [33] (p. 36). Thus, social skills can be described as skills that have to do
with interpersonal interaction. Such skills are becoming increasingly important, especially
due to a change in work organisation, which in many cases is a consequence of digitali-
sation. At the same time, social skills are difficult to automate with digital technologies:
another reason to assume that the significance of social skills will increase in the future [45].
Social skills also include leadership and management skills as well as interpersonal skills
such as empathy, which are also becoming increasingly important [46,47].

Methodological skills

Basic methodological skills are also seen as important prerequisites for the acquisition
of digital skills. These include literacy and numeracy skills as well as basic language
skills and cognitive skills, which in turn form the basis for lifelong learning [48]. Basic
methodological skills are therefore essential for employability, contribute significantly
to the inclusion of people in digitalised work processes and are thus a decisive factor
in ensuring that everyone can benefit from the digital transformation [33] (p. 36). Yet,
advanced methodological skills also play a crucial role in the digital age and form another
sub-category of methodological skills. Such advanced methodological skills comprise
problem-solving skills as well as creative thinking and are needed to develop strategic
solutions to achieve defined objectives [33] (p. 36).

Job-specific skills

Job-specific skills relate to the respective field of work, the respective domain or
occupation. They can be considered a counterpart to transversal skills and refer to the
application of specific knowledge within one’s own professional field [33] (p. 34). However,
due to the multitude of different jobs and occupations, it is almost impossible to get an
overview of the underlying and required skills. The exact consideration of job-specific skills,
which are assigned to individual fields of work, is therefore hardly feasible (cf. [33] (p. 34)).
Accordingly, the focus of the analysis is on transversal skills, which are gaining importance
across different professions, such as the above-mentioned categories of digital, social,
personal and methodological skills. Nevertheless, job-specific skills continue to play a
crucial role in the working world of the future and shall thereby also be considered in
the category system, even if these are not analysed in depth. The literature shows that
advanced digital skills in particular often go hand in hand with job-specific skills and
cannot be clearly separated from each other [39] (p. 99).

Qualitative research conducted in the BEYOND 4.0 project based on interviews con-
firms that the classification of skills identified mainly by experts is consistent with those
identified in the literature, and is reflected accordingly in the skills categorisation. The
main results show that the need for the so-called “interacting skills” can be derived from
the empirical findings. In practice, it is often not only individual skill categories that
are important, but rather the interaction and combination of different skill categories. In
particular, the combination of digital and other skill categories is needed by employees
in the digital age (e.g., digital and job-specific skills, digital and social skills, digital and
personal skills, digital and methodological skills). Such interacting skills are rarely cov-
ered by training systems and are also hardly considered in the literature. Against the
background of a debate on future skill demands, this finding provides a possible basis for
further theory development with regard to interacting skills. In practice, it serves as the
basis for a systematic consideration of interacting skills in the education system [34] (p. 3).

The research interviews conducted not only provide information on the demand
for qualifications but also show how qualifications are supplied in practice. Through
discussions with stakeholders from companies, training providers, steel-specific institutes,
social partners and public institutions, as well as chambers and employment agencies,
various observations and examples were collected on the topic of skills provision. These
data constitute another important contribution to skills information and are of great use for
the development of tools for the supply of skills.



Machines 2023, 11, 335 10 of 22

The BEYOND 4.0 skills categorisation provides an important basis for skills intelli-
gence and is systematically tested and applied using the tools presented in the next chapter.
At the same time, ESSA skills categorisation was developed in parallel to the BEYOND 4.0
categorisation and has similar skills categories but has added the green skills category, as
decarbonisation and its impact on skills is an important theme of the ESSA project.

3.2.2. Examples of Tools

In the following section we present four tools developed in the ESSA project that
contribute to the development of skills intelligence and also make use of the ESSA skill
categorisation. They are listed and explained in detail below.

(a) steelHub
(b) Technology and Skills Foresight Survey & Panel
(c) Skills Assessment Template
(d) National and Regional Rollout

(a) steelHub

This tool refers to an online platform training ecosystem called steelHub, which was de-
veloped under the project of ESSA. In contrast to the skill categorisations developed within
other projects, the steelHub is clearly directed to the outside. In the steelHub, previously
collected data is compiled. steelHub is suitable for presenting data in such a way that stake-
holders derive the largest possible benefit from it. The tool is used to collect and provide var-
ious training resources relevant to the steel industry (see [49] (pp. 36–45); [31] (pp. 64–66)).
The goal of this platform is to facilitate the matching process between the skill supply
of available training materials and skill demands of steel companies. On this platform,
both sides are linked via learning outcomes [49] (p. 36), which are defined as “the state-
ments of what a learner knows, understands and is able to do on completion of learning
process” [32] (p. 4). This platform is operated by the World Steel Association, a large steel
association operating worldwide.

Regarding the skill demands of steel companies, the learning outcomes needed to
achieve the required skills can be defined by identifying the tasks of these occupations
and the related skill demands. On the supply side, training providers provide training
courses and their learning outcomes. This allows steel companies to identify the training
courses needed to reduce skills gaps (see [49], pp. 36–39). The platform also addresses other
stakeholders such as associations, other blueprints, VET systems, research and development
organisations and individuals [49] (pp. 36–39).

The training materials themselves are not developed in the course of the ESSA project,
but only the infrastructure for the exchange of these materials is established. With this
approach, a connection between a known demand for skills and training resources can be
created. Different perspectives are connected, and more informed decisions are enabled.
With regard to the multitude of actors and findings that are integrated, it can be seen as a
collection point to combine different types of information and actors [31] (p. 64). Finally,
the key to a good link between skill demand and supply in the online training ecosystem
is a good classification of training materials. This is especially enabled by linking them
to existing frameworks, such as the Technology and Skills Foresight Survey & Panel (see
section b), European tools such as the European Qualifications Framework (EQF), the ESSA
skill classification (see [31] (p. 39)), and the European Skills, Competences, Qualifications
and Occupations (ESCO).

(b) Technology and Skills Foresight Survey & Panel

This tool aims to make visible the demand for skills at the level of the European steel
sector. It is primarily designed to collect data, but the results will also be presented outside
the project partners to inform about the current situation in the sector.

The data collected here concerns skill demands in the sector and make possible to draw
a uniform picture of the industry’s situation at European level. This tool helps to calibrate
larger-scale strategies of political stakeholders and sector associations. This methodology
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corresponds to a bottom-up process in which assessments are collected from different
perspectives and then cumulated in consensus-based forecasts.

This tool combines a survey of company representatives with a panel discussion of
steel sector skills experts [31] (pp. 62–64). Currently, a questionnaire to fill in this tool is
active online, and a preliminary version of the questionnaire part has already been tested
in 2020 and 2021 (see [33]). The aim of this panel is to record on a regular basis, e.g., every
two years, current and future technological developments and skills needs at the European
sectoral level. The process is based on a modification of the Delphi approach, which is a
social science method focusing on condensing expert knowledge into predictions of the
future via group communication processes [50] (p. 587). A two-stage research design is
being applied: First, the survey is conducted online in several languages. Second, the
central results will serve as a basis for a panel discussion of experts, who will identify a
holistic picture of the situation in the European industry. In this adaption of the Delphi
approach, two types of experts are included. On the one hand, the representatives of
companies who are experts in the skills needs of their company but do not necessarily have
a bigger picture of the European steel industry. On the other hand, the panel experts will
be more networked and will already have acquired an overview of the situation.

(c) Skills Assessment Template

The Skills Assessment Template [31] (p. 42) will include elements from the question-
naire used for the Technology and Skills Foresight Survey & Panel and will be optimised
for company internal usage. The aim is to help company representatives to get an overview
of the skills situation in their company and of the future and present skills needs. The tool
will work as a guideline, for example, for deciding which occupation will need the most
attention regarding further education in the future and which types of skills will be needed.
In combination with company-specific knowledge, possible effects can be observed in the
areas of further education and training programmes as well as in the recruitment of new
staff. As the survey is based on the categorisation of skills, the tool helps the company to
prepare and present the data internally.

(d) National and Regional Rollout

In this tool, we refer to national and regional rollouts. This tool is implemented by
the ESSA project in the form of a regional rollout in which the aforementioned tools and
results of the ESSA project are being transferred to selected steel regions in Spain, the
United Kingdom, Poland, the Czech Republic, the Netherlands, Italy, Finland and Germany.
The aim of these rollouts is to initiate co-creation processes in the selected countries and
regions including strong stakeholder engagement. This is first carried out in the framework
of workshops, in which representatives of economy, policy, science and education, and
civil society are involved. Collaboration is also one of the main aims among regional
stakeholders and companies to expand existing synergies among steel regions in order to
implement large-scale upskilling and reskilling strategies. Rollouts are a tool in the sense
that they provide interaction at various levels, such as national, regional and inter-regional,
thus generating information exchange, synergies and increased stakeholder engagement,
which is necessary for skill intelligence to work.

While education policies are created particularly at the national level, it is at the re-
gional level that such skill strategies need to be adapted, facing specific dominant sectors,
labour markets, qualification structures, educational infrastructures and regional innova-
tion strategies. As skill shortages are proving to be bottlenecks for digital transformation
more and more, regional and sectoral innovation strategies are aligned with skill supply
(potential) in the region. Skills intelligence is needed to unfold the full potential of regional
skill ecosystems to support both regional and national entrepreneurial innovation strategies.
In this sense, the skills ecosystem approach assumes that networks of institutions and actors
strongly influence the development, supply, demand and deployment of skills in a given
industry or region [51] (p. 117). For example, the steel sector in the Rhine-Ruhr region
shows a skills strategy, also in the form of a clear distribution of roles between companies
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and relevant actors, and how this is necessary to determine which actor can take on which
tasks in the context of skills development and implementation. However, with regard to
new topics such as digitalisation and decarbonisation, there is often a lack of such clear
skills strategies and a clear distribution of roles in the supply of skills. This is also evident in
the steel industry of the Rhine/Ruhr region with regard to hydrogen technology: new skills
needs and new training needs for employees arise, which particularly have to be supplied
at the national and regional levels through the cooperation of various stakeholders. As a
consequence, a rollout workshop dedicated to hydrogen qualification measures in the steel
sector was conducted in the Rhein/Ruhr area. The workshop proved to be an effective
means of bringing stakeholders into dialogue, clearly identifying challenges and initiating
cooperation in the area of skills supply. At the same time, the workshop provided an oppor-
tunity to exchange concrete information on existing initiatives for hydrogen qualification
measures and to harmonise activities.

When conducting and planning such rollout workshops, special emphasis is placed
on bringing together significant stakeholder groups. For example, in the Galati region
in Romania, network ties were initiated with actors who are not directly related to the
steel sector but who nonetheless perform an important function in supplying skills and for
general problem-solving strategies regarding image and recruitment at the regional and
national levels. The cooperation is then to be increasingly refined and concretised in the
individual countries and regions within the framework of further concrete workshops.

In the following Table 3, we introduce the analysed tools and present them graphically
based on the two dimensions identified above (geographical scope and purpose). This table
shows on the left side the geographical scope, which includes the tools developed in the
framework of the ESSA project at the European level and at the national or regional level
of the participating countries. On the right side, we add the purpose dimension, which
refers to the demand for specific skills and the supply of specific skills. Additionally, we
have identified in the literature the purpose of the policy strategy/policy development, we
do not yet have specific tools in this dimension that can be added to the framework of the
ESSA project. However, it is an important tool for disseminating results and allows for the
consolidation of skills intelligence.

Table 3. Overview of the Analysed Tools.

Geographical Scope
Purpose

For Company-Specific (Individual) Skills
Demand and Supply For Policy Strategy/Policy Development

European level

steelHub*: online training ecosystem
(training offers and learning arrangements)

Technology and Skills Foresight Survey
& Panel*: a tool that combines a survey of

company representatives with a panel
discussion of steel sector skills experts

Skills Assessment Template*: defining steel
job profiles, evaluate their current and future
skills levels and identify their skills demands

National and regional levels

National and Regional Rollout*: The attempt to initiate processes of a training ecosystem
(training offers and learning arrangements) in the individual member states at regional or
national levels, and to network and involve the most important stakeholder groups. The

focus is mostly on the supply side; but findings on demand are also collected (mostly with
regard to image/recruiting/retention, but also with regard to skills).

Source: Author’s illustration. * They correspond to the original names of the tools used in the projects.

4. Results

The main results suggest that the concept of skills intelligence is applicable to the steel
sector, providing transparency on the skills needs arising from the double transition of



Machines 2023, 11, 335 13 of 22

digitalisation and decarbonisation. The concept of skills intelligence applied to the steel
sector requires some adaptations, as it is not only limited to data preparation and reporting,
but also requires a governance structure that facilitates coordinated actions to mitigate skills
imbalances. We provide here an overview of the findings answering the research questions.

Answer to RQ1: To what extent is the concept of skills intelligence useful in the steel sector?

Challenges in the steel sector require timely adjustment of skills supply and demand

We found that the transformation of skills needs due to digitalisation and decarbonisa-
tion can be assigned to a categorisation of digital skills, non-digital skills, green skills and
job-specific skills. Accordingly, training and education measures provided by the supply
side (VET, HE, training providers, company-specific trainings) can be assigned to those
categories, enabling the match-making of skills demand and supply.

Standardisation of data with the help of categorisations/taxonomies of skills is a good starting point

Skills categorisation is an important prerequisite for the comparison of the skills
demand and supply information.

Some of the main aspects on which we base the design of skills intelligence tools
(see Table 1) for a specific sector are:

• Which categories of skills should be used?
• What are the target groups?
• At which geographical levels do they operate?
• What decision do they need to make?
• What data do they need to make this decision (demand and supply information)?
• How can this data be provided (expert-driven or digital technologies driven)?

We found that the categorisation of skills represents a relevant step in providing
information on skills demand and supply, as we observed in the BEYOND 4.0 project. At
the same time, skills intelligence fosters an ecosystem approach to solving needs. Therefore,
the use of geographical scope in the development of skills intelligence seems appropriate.
More detailed explanations are given in the following paragraphs.

Current knowledge of skills intelligence does not provide guidance on sectoral decisions

We found out that the interaction of different stakeholders has to be taken into account
in order to make informed decisions on education and training and to achieve a certain
level of skills intelligence. Our research shows how CEDEFOP’s understanding of skills in-
telligence is very useful for a first analysis as it is mainly characterised by quantitative data.
The general understanding of skills intelligence as an enabler for informed skills-related
decisions [12] is the main driver for the framework presented here to raise information on
skill needs and on how to cope with them. However, this article shows that skills intelli-
gence has to address the specific needs of different users from the steel sector. This is based
on the reflection that current skills intelligence tools do not support sectoral decisions by
companies, associations or regional policymakers. They often contain data that refer to the
whole European economy or to very broad sectors, such as the “manufacturing industry”.

We identified that skills intelligence and the skills matching tools of Rentzsch and
Staneva [13], which highlight the importance of a taxonomy of skills, provide a good basis
for the analysis and development of skills intelligence accompanied by sector-wide research.
Using this taxonomy proved very helpful for a systematic analysis of needed skills and
corresponding education and training.

Answer to RQ2: In which ways can the concept of skills intelligence be applied in the
steel sector in Europe?



Machines 2023, 11, 335 14 of 22

Skills intelligence fosters an ecosystem approach

Skills intelligence encourages ecosystem-specific solutions taking the specific needs
of a context, initial situation and framework conditions in their region into account when
it comes to defining appropriate training and education measures. For the practical im-
plementation of skills intelligence in the steel sector, an ecosystem approach is of great
importance, both on the EU level and on regional and national levels. In essence, such an
approach relates to the involvement of stakeholders from different sectors of society, for
example in the sense of a quadruple helix; involving economy, policy, research and educa-
tion, and civil society. Therefore, it is important to integrate the various stakeholder groups
not only in terms of their competencies but also to formulate binding responsibilities, for
the successful development of training programs and thus to skills supply. Ideally, the
communication and collaboration of different stakeholder groups are initiated through a
co-creation process, taking into account different stakeholder perspectives [38].

On the one hand, collaboration processes at specific regional levels are often company-
driven, as skills needs ultimately become apparent within the company, and companies
have a strong interest in covering their skills demands. Likewise, corporate interests are
closely linked to the interests of stakeholders in the region in which companies are running
their businesses. They are dependent on available skilled people in the region, offers by
training and education providers, political support, measures of employment offices and
other regional support.

On the other hand, the region needs companies for upskilling people leading to a
higher skill level in the region. Integrating the different actors, skills intelligence addresses
both skill gaps: those of the companies and those of the regions.

Therefore, the ecosystem approach often focuses on the regional level and the spatial
proximity of actors. However, as an initial step, it is crucial to involve stakeholder groups
also at a European level. Practical insights from the steel sector show that implementation at
a regional level is more successful when European umbrella organisations and institutions
are already involved in processes. Furthermore, experiences from projects on skills intelli-
gence show that it is primarily individuals who initiate processes and take responsibility
at the European and regional levels. At the same time, an overarching platform in which
results and concrete strategies of the regional ecosystems can be discussed is needed. In
this way, the stakeholders involved can inspire each other and exchange ideas. When actors
contribute their competencies and take on responsibilities, ecosystems can be understood as
communities with clearly divided responsibilities, with stakeholders who drive each other.

Summarising the tools of two projects towards skills intelligence development

Here we provide a comparison between the different tools of ESSA and BEYOND4.0
with the concept of Skills Intelligence.

The Skills Categorisation is a very basic example of a tool developed in BEYOND4.0
and adapted within the ESSA project, that structures the understanding of different types
of skills and thereby builds an important basis for a number of further tools. This is fully in
line with the need for skill taxonomies emphasised by Rentzsch & Staneva [25].

The BEYOND 4.0 project conducted qualitative research in the regional steel industry
of the Rhine/Ruhr area in Germany, making another important contribution to skills intel-
ligence. Thereby, stakeholders and experts were interviewed about future skill demands
in the steel industry. The estimations provided information about the quality of the skill
categorisation. The results showed that all the skills mentioned by the experts could be
classified in the BEYOND4.0 skills categorisation. In addition, the interviews also provided
information about concrete processes in skills supply. Various qualitative examples and
observations showed concretely how skills are taught in practice, which in turn is an impor-
tant prerequisite for skills intelligence and also plays an important role in the development
of skills intelligence tools.

Some examples of tools that build on this skill categorisation are the Technology and
Skills Foresight Survey & Panel as well as the Skills Assessment Template. The survey
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uses the categorisation to ask for the most demanded current and future skills. The assess-
ment tool uses skills categorisation to provide a template that company representatives can
use to receive feedback on their own skills demands. Both tools form also one pillar of the
projects’ contribution to the establishment of skills intelligence in the steel industry. Even
though the concrete functioning and embedding of the tools are still being worked out, it is
also clear that they contribute to both preparing data and presenting it to stakeholders.

The platform steelHub is the second pillar that contributes to skills intelligence. It
also connects to the skill categorisation as well as to other structuration realised in the
project, e.g., on relevant job profiles. It provides an easily accessible access point to different
training contents and thereby helps to saturate individual and company-specific skill
demands. Thereby, it also takes up qualitative results from the BEYOND4.0 project, which
identified needs for specific combinations of skills [34]. These needs are considered for
developing train-the-trainer concepts, which are becoming part of the steelHub. It is also
being considered to connect other tools to the steelHub, for example, a matrix of VET
programmes developed for the project, as well as the already mentioned Technology and
Skills Foresight Survey and the Skills Assessment Template. It is foreseen that the platform
will continue to operate after the end of the project. The platform is therefore becoming a
platform for skills intelligence tools and is clearly linked to the presentation of relevant data.

The rollout tool is therefore a pillar to implementing skills intelligence in practice. Its
basic idea is that in order to establish and maintain structures, the right stakeholders must
be involved. In this way, it is possible to move from data to decisions and, in subsequent
steps, to concrete actions. Thereby, the application of skills intelligence to the steel sector
does no longer limited to the preparation and presentation of data, but creates governance
that facilitates coordinated actions to mitigating skill imbalances.

Through the rollout, skills intelligence tools can also be tailored specifically to regional
and national challenges, again through dialogue with stakeholders and experts in the
respective regions. Consequently, it is also important that the quality of skills intelligence
tools goes through such a rollout process, so that the respective services are tailored to
the end-user and provide real added value and the necessary data for companies, training
providers and other actors in the education system that are ultimately involved in the
provision of skills. The rollout has so far led to better networking of stakeholders in
selected steel regions. However, in order to systematically implement skills intelligence in
these regions and to address concrete skills needs, long-term cooperation between these
stakeholders is necessary. The stakeholder groups must thereby not only contribute their
competences but also with their responsibility to develop measures for skills supply. After
the project’s end, the rollout activities will be framed by the European Community of
Practice (ECoP).

Categorisation of skills represents a relevant step in providing information on skills demand and supply

Transformation of skill needs, due to digitalisation and decarbonisation can be as-
signed to a categorisation of digital skills, digital-complementary skills, green skills and
job-specific skills. Accordingly, training and education measures provided by the supply
side (VET, HE, training providers, company-specific trainings) can be assigned to those
categories enabling a match-making of skill demand and supply.

The categorisation of skills provides a framework that allows all stakeholders in the
ecosystem to refer to the same skill categories and to come to a common understanding of
skill gaps and measures to be taken. A broad literature review and an empirical testing in a
regional steel ecosystem shows the increasing demand not only for digital skills, but also for
digital-complementary skills. However, one of the most important findings of the empirical
evaluations on skill demands in the Beyond 4.0 project is that it is not only individual skill
categories in high demand (such as digital skills or social skills). Rather, combinations
of digital skills and another non-digital skill category, so to speak, “digital skills plus X”
demands. This article refers to these as interacting skills or an interaction of skill categories.
In this sense, different combinations of the various skill categories must be interwoven in
order for workers to perform single tasks within their jobs. For instance, problem-solving
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with big data or other digital tools requires both digital skills and methodological skills just
for one task. This is really different from the other approaches in literature, which analyse
the demand and supply in terms of individual skill categories.

The high relevance of interacting skills has an effect on skills intelligence. It is no
longer sufficient for employers and training providers to offer training for digital skills or
methodological skills. Rather, providers of education and training need to be able to deliver
interacting skills. So far, this is very much limited to large companies that offer project-
based, problem-based or work-based learning approaches that teach these interacting
skills. There are only single regional ecosystems that provide interacting skills. One of the
conclusions of this article is that skills intelligence in the steel sector needs to pay more
attention to this challenge.

Skills intelligence fosters an ecosystem approach

Skills intelligence encourages ecosystem-specific solutions taking the specific needs
of a context, initial situation and framework conditions in their region into account when
it comes to defining appropriate training and education measures. For the practical im-
plementation of skills intelligence in the steel sector, an ecosystem approach is of great
importance, both on EU level and on regional and national level. In essence, such an
approach relates to the involvement of stakeholders from different sectors of society, for ex-
ample in the sense of a quadruple helix; involving economy, policy, research and education,
and civil society.

On the one hand, collaboration processes at specific regional levels are often company-
driven, as skills needs ultimately become apparent within the company and, companies
have a strong interest in covering their skills demands. Likewise, corporate interests are
closely linked to the interests of stakeholders in the region companies are running their
business. They are dependent on available skilled people in the region, offers by training
and education providers, political support, measures of employment offices and other
regional support. On the other hand, the region needs companies for upskilling people
leading to a higher skill level in the region. Integrating the different actors, skills intelligence
addresses both skill gaps, those of the companies and those of the regions.

Therefore, the ecosystem approach often focuses on the regional level and the spatial
proximity of actors. However, as an initial step, it is crucial to involve stakeholder groups
also at the European level. Practical insights from the steel sector show that implementa-
tion at the regional level is more successful when European umbrella organisations and
institutions are already involved in processes. Furthermore, experiences from projects on
skills intelligence show that it is primarily individuals who initiate processes and take
responsibility at European and regional level. At the same time, an overarching platform is
needed where results and concrete strategies of the regional ecosystems can be discussed.
In this way, the stakeholders involved can inspire each other and exchange ideas. When
actors contribute their competencies and take on responsibilities, ecosystems can be under-
stood as communities with clearly divided responsibilities, with stakeholders who drive
each other.

As discussed in Section 1, the European steel industry is undergoing a double trans-
formation affecting both digitalisation and decarbonisation. This transformation will create
changing skill demands. To meet these demands, companies in the steel industry rely
on other stakeholders, such as policymakers, training providers and the workforce. To
mitigate skills imbalances, all relevant actors need to work together.

In this context, the skills intelligence concept provides both an orientation for this
goal and some broad guidelines for implementation. Going back to the definition of the
concept (see Section 2), the general idea of skills intelligence is to create transparency for all
stakeholders through data so that better skills-related decisions can be made. Furthermore,
a distinction is made between data preparation and data presentation, and there is also an
emphasis on the updating of data for expert use.
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The experiences of BEYOND4.0 and ESSA have shown that the right match be-
tween skills demand and supply requires the collaboration of stakeholders to make well-
coordinated decisions.

Although the steelHub e-learning system, which operates at the European level, al-
ready addresses a European skills ecosystem, regional and national deployment of alliances
and skills strategies is needed to establish skills and training ecosystems, in order to make
better skills decisions.

Coming back to the definition of skills intelligence, it is striking that this element of the
project, the rollout, is most likely not to be found in the understanding of skills intelligence.
It is not easily related to the two process elements of data preparation and data presentation,
but rather seems to combine the two and link them to the concern for sustainability and
stakeholder involvement. However, there is no concrete template for the regional rollout
processes. They are rather open communication processes with project leaders and relevant
regional stakeholders, which should lead to sustainable use of the developed tools. It is a
work in progress that can be translated into models that can be used in another sector or
context once the project is completed.

5. Discussion

Some of the main findings suggest that the concept of skill intelligence is applicable
to the steel sector, providing clarity on current and future skill needs arising from the
twin transitions of digitalisation and decarbonisation. However, the adoption of the
theoretical concept of skills intelligence by the steel sector requires some adaptations. The
concept of skills intelligence applied to the steel sector is not limited to the preparation and
presentation of data; instead, it facilitates a governance structure that allows for coordinated
actions to mitigate skills imbalances.

In this paper, we contributed on two different levels. Firstly, a theoretical level based
on the concept of skills intelligence to analyse skills needs in the steel sector. Secondly, an
empirical level, where two projects provide evidence on how skills needs can be identified
in the European steel sector and at a national level and how the demand for skills is
met. Although the concept of skills intelligence offers several contributions, some of the
limitations we identified are that this concept can be difficult to interpret in different
industry contexts.

The concept

Our research shows how CEDEFOP’s understanding of skills intelligence is very
useful for a first analysis as it is mainly characterised by quantitative data. The general
understanding of skills intelligence as an enabler for informed skills-related decisions [24]
is the main driver for the framework presented here to raise information on skill needs and
on how to cope with them.

We identified that skills intelligence and the skills matching tools of Rentzsch and
Staneva [25] provide a good basis for the analysis and development of skills intelligence
accompanied by sector-wide research. However, this article shows that skills intelligence
has to address the specific needs of different users from the steel sector. This is based
on the reflection that current skills intelligence tools do not support sectoral decisions by
companies, associations or regional policymakers. They often contain data that refer to the
whole European economy or to very broad sectors, such as the “manufacturing industry”.

From a theoretical point of view, the claim of skills intelligence is that skills-related data
enables better decision-making. However, Rentzsch & Staneva [25] and also CEDEFOP [24]
focus on the preparation and presentation of data, the step from data presentation to
decision-making and, later on, to actions omitted in this logic. While the theoretical
approach to skills intelligence focuses on the preparation and presentation of data, the
application to the steel sector requires additional measures for skills intelligence to be of
real use. Given that skills intelligence is designed to make better skills decisions, the right
decision-makers need to be targeted. This article on a sectoral approach to skills intelligence
has shown that to fill this gap, data provision needs to be integrated into skills ecosystems.
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Dimensions

We have identified two main dimensions that can be analysed for the development of
skills intelligence in the steel sector: (a) geographical scope and (b) for company-specific
skills demand and supply (see Table 1). First, we consider these two dimensions to be
relevant for the steel sector, as the first one provides relevant information in specific
geographical contexts, not only on skills but also for stakeholders in the steel sector. Second,
for company-specific skills demand and supply helps to identify information of needs
and gaps of skill. Third, policy strategy is very relevant in the case of the steel sector, as
modernisation strategies in the steel sector are closely linked to an EU strategy. At the
regional level, the link between the skills demand and skills supply becomes most concrete:
it is not only companies and training institutes but also employment agencies, chambers
of industry and commerce, business development agencies, political actors and research
institutions that have to work together on policy strategies to adapt skills supply to skills
demand in the best possible way.

Ecosystem and Tools

In the ecosystem approach, it is important to integrate the various stakeholder groups
not only in terms of their competencies but also to formulate binding responsibilities, for
the successful development of training programs and thus to skills supply. Ideally, the
communication and collaboration of different stakeholder groups are initiated through a
co-creation process taking into account different stakeholder perspectives [52].

The involvement of business representatives and other stakeholders is necessary for
skills intelligence to really work. Based on the research of Beyond4.0 and ESSA, we suggest
further developing the skills intelligence approach by integrating the ecosystem perspective
and considering specific regional particularities when it comes to regional and national
rollouts of skill strategies and alliances to the extent that the concept of skills intelligence
needs customisation when it is applied to the steel sector.

From a practical point of view, the current status of skills intelligence in the steel sector
shows structures, platforms (steelHub) and processes of how skills intelligence can happen
in the steel industry. Currently, these are pilots whose rollout has to be continued to obtain
feedback and process experiences in order to create a running system on a regular base. The
steelHub as a platform for skills intelligence including data on skill demand and supply
has to be fed with more data to enable stakeholders to make better decisions.

A gap identified between the theoretical approach and practical experience is that
skills intelligence claims to consider both, quantitative and qualitative data. In practice,
however, skills intelligence is rather focused on quantitative data, whereas the approach
presented here shows that in the Beyond4.0 project, qualitative data have also been raised
as highly relevant to explore skills needs and current ways of providing them. Therefore,
qualitative data should be explicitly included in a skills intelligence approach to explore
the specific situation in the steel sector before collecting and analysing quantitative data.

Outlook

Regarding practical implications, there are still further challenges with regard to the
sustainable implementation of skills intelligence tools developed in the ESSA project. As
already described, the rollout and development of regional skills ecosystems is an important
pillar for the implementation and adaptation of tools such as the steelHub, which will be
further developed in collaboration and communication with stakeholders and continuously
tailored to concrete needs. This process has been initiated and launched during the ESSA
project. However, it is important that selected stakeholders continue and coordinate the
rollout in the respective steel regions, also after the project’s duration. For example, the
Focus Group People of the European Steel Technology Platform (ESTEP), through which
ESSA-relevant activities are to be further coordinated, is particularly important in this
respect after the end of ESSA. Thereby, the formation of a European community of practice
(ECOP) is planned, establishing interrelated alliances and leadership on the European,
national and regional levels.
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Ensuring the sustainability of the skills intelligence tools developed in the project
beyond the duration of ESSA is currently one of the main focal points. A continuous
operation of the steelHub platform is targeted so that it can be established as an important
contact point for steel-related qualification, while other tools of the Skills Observatory, such
as the Technology and Skills Foresight Survey & Panel, will also feed into the steelHub.

In order to ensure the practical implementation of the theoretical concept of skill
intelligence, it is important, from the authors’ perspective, to provide stakeholders with
recommendations for action for the establishment of corresponding structures. Only
through the proper involvement of all relevant actors at different levels of action (regional,
national, European) stakeholders in the skills market can recognise the individual benefits
of skills intelligence and corresponding tools. This concerns the creation of own tools and
the use of third-party tools, their adaptation to the specific needs of a sector, increased
cooperation and also the integration of qualitative data in decision-making processes.

Therefore, for skills intelligence to continue to develop successfully, it is crucial that it
remains a concept that provides a foundation for the development of tools at the theoretical
level. At the same time, it must be consistent with the real needs of the relevant actors and
sectors in the application and development of tools.

From a theoretical point of view, concepts such as ecosystem and multi-level perspec-
tive are relevant to engage these stakeholders and should be further investigated in the
context of skills intelligence in the steel sector.
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