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Introduction
WP3 includes a number of different deliverables, which in coherence creates the foundation for the
current report. Each of deliverables have been reported separately, and will hence only be briefly
summarized in the current report.
−

T3.1: Map the stakeholders.

−

T3.2: Develop/define the framework for the analysis.

−

T3.3: Identify the current needs among the stakeholders on a national level.

−

T3.4: Identify KPIs from the perspective of the stakeholders.

−

T3.5: Summarizing report (identified needs and KPIs).

In this document we summarize the findings and provide an overview of the identified industrial
needs relating to how to work with future industry 4.0 capabilities.

Analytical framework in summary

The analytical framework developed In T3.2 defines a procedure as well as a number of analytical
dimensions, which each partner should take into account.

The Procedure

The procedure includes that each partner as a point of departure develops an overview of the
industrial landscape in their country and the degree of use of I4.0 technologies. The overview should
include an account of e.g.:
−

Selection criteria. Define what are the important criteria for the selection of the industrial focus
– e.g. regional vs. national differences.

−

Types of industries

−

Industry structure (size of companies, geographical distribution, etc.)

−

Digital maturity of industries. Possibly use the Eurostat reports DESI
https://ec.europa.eu/digital-single-market/en/desi - Country specific profiles are found here
https://ec.europa.eu/digital-single-market/en/countries-performance-digitisation. Section 4
indicates the use of Digital tech in business.

−

Industry organizations (e.g. Federation of Industries) with focus on I4.0

Based on the industrial overview each partner should make a selection of specific stakeholders to
focus on in the analysis. A minimum of 10 stakeholders must be identified. A short account should
be developed describing the 10 specific stakeholders chosen for the analysis. In total this provides
a data foundation for the analysis of at least 60 industrial stakeholders across Europe.
Due to the differences in national/regional industrial priorities and profiles, the engagement model is
flexible and could be performed through use of various methods; individual interviews, focus groups,
seminars, surveys, etc. The specific choice of research methodology depends on the specific
circumstances of each partner.

The Analysis

The analyses are conducted following the framework defined in T3.2. In summary, the framework
includes 4 overall dimensions, which affect the ability of companies to efficiently work with I4.0.
Each dimension comprises a number of variables.

Business

Strategy and Business Models
A strategy is a general plan or set of plans intended to achieve something, especially over a long
period. The business model is the set of means and methods a firm employs to earn the revenue
projected in its plans.

Technologies

Enabling technologies
Enabling technologies are equipment and/or methodology that, alone or in combination with
associated technologies, provides the means to generate leaps in performance and capabilities of
the user.
System integration
System integration is the process of linking together different systems and applications physically
or functionally, to act as a coordinated whole.

Competences

Digitalt mind-set
The Digital mind-set refers to how management and employees consider new digital technologies.
This is consider the fundamental mediator of both extend, speed and type of technology adoption,
and the opportunities created through this.
Human resources, competences and skills
Human resources are the people who make up the workforce of an organization and the
competences and skills they possess.

Development Approach

The Implementation Approach refers to the how the process of adopting new technologies is
organized and which elements are represented.

The framework suggest a number of a number of ways to study these dimensions.
In the following, each of the analyses developed by the TEFFIC partners are presented.
Conclusively, overall findings will be summarized.

University College of Northern Denmark - Denmark
Mapping of stakeholders
This analysis provides an overview of the skills needed in the manufacturing industry. It adds regional
nuances to the established knowledge about the skills required for industry 4.0. The stakeholders
for this analysis are identified according to size, industry, digital maturity and geographical area.
The participants are within different branches of the manufacturing industry, both in wood, metal and
chemical production. The focus has been to target SME or smaller business units, as they are the
primary employers of our students. We have approached companies which we assume in a digital
mediate maturity state, where more than single elements have been applied, but not throughout all
of the value chain(Waehrens, Lassen, Nørgaard, Nicolaj, & Clausen, 2018).
This group of companies hire in our students to a large extent, to perform existing tasks in the
company within technical integration and can be very specialised within subdomains of their
business
Besides companies, we have interviewed two stakeholders who have an overview of the industry,
from a company and an employee point of view.

Data collection
All participants were interviewed in the form of a semi-structured interview, where they beforehand
had received a copy of the question frame used. The question frame was a translated edition of the
WP3 questions in the project, with an altered sequence:
1.
2.
3.
4.

Technologies
Skills needed
Development and implementation approach
Business

The interviewer would either write notes during the interview, if performed face to face, or record the
interview when interviewing through the telephone.

Description of interviewed stakeholders
Hosta Industries A/S is a subcontractor in the metal industry. They have a focus on partnership
manufacturing, entering long-term partnerships with customers and suppliers. The production is
centred around sheet metal and pipe technologies, and behind it, the company has been working on
digitalisation of the supply chain for the last few years.
LT automation is a company build about automated solutions to various problems. Among their
major product lines, the robot “Robert” can do continuous exercise usually performed by a
physiotherapist. The company employs many different professionals, who collaborate to create
solutions in non-automated domains.

Pönd produces bio-resin for polymer and composite production. They have achieved several awards
for their product, including a second place at Green Challenge 2017. They are evolving from a small
start-up with a high-profile product into an organisation with a production capability in these years,
and hence, are employing for many different positions. The main focus has been the establishment
of the production facility for the last year, and they are starting production at the moment.
Arkema Altuglas produces PMMA polymer sheets in thicknesses between 2 and 30 mm. The
Danish plant is part of the large French chemical company Arkema and produces small batches in
limited colour editions. Through the last years, their main development approach has been security.
UD vinduer is a window producer who has been producing customised windows as a carpenter
business until a few years ago. They are transitioning to become a digitalised factory with traceability
and data collection and are upskilling their workforce in these years.
Nilfisk produces several types of cleaning machinery, including high-pressure cleaners, vacuum
cleaners and autonomous cleaning robots. The interview is focused on the development and
production of a smart product, which delivers data back the developer for continuous improvement.
This smaller business unit is a part of the larger company.
SatLAB A/S produces radio transmitters for satellites. They are a spin-off company from the
university, and the owners went full time three years ago. They have adapted to a Just in time
manufacturing model, and are relying on subcontractors, which makes traceability between
companies important, and operates in the “New space” domain, where the production is going from
“product and a physical twin for total testing” towards a quality insured production.
Rasmus Lunde Christensen is an entrepreneur who has developed software and electronics to
several industries, especially the fishing industry. He has been collaborating with both fishermen as
well as skilled workers and engineers to create tools which, e.g. has increased the accuracy of price
prediction in the fishing industry based on data.
Federation of Danish Industries is an industrial body in northern Denmark. They are part of a
national network, representing the manufacturing industry, and have a interest in the workforce. In
the later years, the manufacturing industry has been challenged by a lack of workers with the needed
skills, and this is a focus area for the organisation.
The Danish Association of Professional Technicians is the union for most technological students
at the EQF 5 level, and the TopUp described in the case. They have another take than the industry
partners on the skills necessary but came with valuable inputs towards the business understanding,
where they pointed out that many students end up as subcontractors, freelancers, or in other
positions where the knowledge of the business environment around this is critical.

Needs of industry
The overall message is that the needed skills are multidisciplinary; while a high technical standard
in our primary domain is a requirement, a single enabling technology does not provide the overall
technological convergence, which is the Industry 4.0 driver. Hence, the broadened view, where the
individual should be a contributor within one or two fields but be able to collaborate with several
others, are stressed as important. This is referred to as the T- or π-profiles (T: skilled in one enabling
technology, knowledge in several, π, skilled in two areas, knowledge in several), where the π-profile
is emerging as an even more desired skill-profile.

For the interview companies, the ability to reflect upon the business implications of the different tools
was stressed to be on an understanding, not a reflection, level; for example, each employee should
acknowledge the importance of a given process in the company, but not necessarily be able to
recommend new processes. They pinpointed that the business model would not need continuous
development in a smaller company with a given product portfolio and that an improvement of
processes and products would be a goal. The strategic and tactical gains from a given improvement
did not need to be democratised. This was described as competencies within the company
processes, and knowledge and understanding of the company system.
The implementation of IT in the companies followed the same lines; the quote “In the future, all
companies are IT companies” was discussed in two interviews, and the common understanding was
that IT would play the same role as economics in the future. All employees will have to acknowledge
the presence and be able to interact with systems, but the ability to design and maintain systems
might not be part of the company, in the same way as some small companies outsource accounting.
The ability to cope with complex problems has been a buss word in several years, but it is still
highlighted as a skill that’s needed to be able to work in an environment where technology is
implemented fast. This is also a conclusion from several of the companies and can be exemplified
with the requirement for skilled workers to collect and understand the importance of data, but also
for those who were the analysis of data in real time becomes a part of their work.
The different companies all need different things, but they have more in common than apart. Though,
there might be an indication that the two companies from the polymer industry face additional
problems towards the digital mindset, as the domain has called for T-profiles for a long time, namely
the mechanical and process understanding. Adding the digital mindset on top calls out for a π-profile,
which is hard to recruit for an SME with a limited recruitment budget.
All companies mention the ability to work together between domains and different levels within both
education and organisation. The profiles mentioned above is attenuated as an ideal employee but is
also suggested that the ability to cooperate on a high level can compensate for this. This goes both
when the theorist and the technician work together (different qualification levels), as when there is
collaborated between domains. It must be stressed that this has to be collaboration, not coordination;
ells interfaces might occur, which can prohibit the processes in the company.
Furthermore, the ability to build and maintain a network was promoted at some of the companies,
where the existing system of the management had limitations in the now required technical fields.
The interviews with industry stakeholders yielded an overview which corresponds well with the
already performed analysis in Denmark (Uddannelser til fremtidens vidensbaserede produktion,
n.d.).

Described needs
The industry analysis yielded a range of required skills. This corresponds well with earlier national
analyses(Uddannelser til fremtidens vidensbaserede produktion, n.d.). Below, skill families and
specific skills gained from the industry analysis is listed. The process competences are the primary
skill that an employee must have to fill a certain position. The system understanding and soft skill
both represents layers in the upper bar in T- and π-profiles, enabling the person to understand and
collaborate with other professionals.
1) Hard skills

a) Process competences
i) Machine programming
ii) Drawing and planning of automated systems
iii) Data management
iv) Design for automated production
b) System understanding
i) Understanding the business model
ii) Understanding employment models
iii) Understanding the data quality importance
2) Soft skills
a) Networking
b) Collaboration between domains
c) Collaboration between educational levels
d) Technological curiosity
Besides the specific skills, the mindsets required for utilising the industry 4.0 potential was also
discussed. The companies and The Danish Association of Professional Technicians both pointed out
that the employees for whom the technology was an interesting field, which they used out of curiosity,
had an advantage compared to their peers. The cause was not discussed further, and hence, no
conclusion can be drawn on this.
The interviews with the companies yielded different requirements for the degree of each need. As
an example, the two polymer manufactures, both required the employees to understand the basics
of the polymerisation process, but for the later, the needs was more comprehensive, because they
were upscaling the production, and the issues linked to larger reactors are crucial to understanding
during the implementation.
Some skills had to be learned out of school, but the industry partners and the industry body pointed
out that some skills they were also aware that they should build themselves too at higher extend;
though, they would like the educational system to provide a fundament for further learning in the
industry. This was not specified, but further analysis might reveal if this understanding should be
theoretical or practical, knowledge or abilities and much so on.
In general, all companies expressed a need for their employees, on all educational and employee
levels, to be skilled within at least one dominant area (metalworking, process operation, IT), while
the knowledge of related fields and the business model of the company was also essential. This
understanding was underlined in the larger companies, where the distance from the economy
department to the production could be significant. If the importance of for example data collection is
not understood where the data is collected, this might cause trouble, and hence the importance of
the different processes must be recognized throughout most of the organisation.
Furthermore, the union of the students enrolled in the case, raised the point that the transition in the
workforce towards more short appointments and freelancing could be understood as business model
knowledge as well. The ability to acknowledge short term collaborations as a possibility to obtain
skills and connections from several places at once, but at the same time a challenging role to inhabit
for less outreaching individuals.
This leads to the ability to extend and maintain a network outside of the companies, where both
knowledge partners and potential business partners are stressed as a resource for both the company
and the employee. UD vinduer had implemented an active LinkedIn strategy for the employees,
focusing on (re)building the network of the long-term employed, who had not maintained their

extended network outside of job and community. This initiative had been fruitful, but they also
stressed it as an important skill for future employees, and in terms of recruiting.

Summary of the skills needed
There is a huge variation between the companies with regards to the “main technical skill”. These
skills are subject to different demands, but all of them have held central places in the industry 3.0
paradigm as well. The combinations of, and the ability to reflect upon, several skills is what is needed.
The companies want a skill set where the employees have competencies within one or two main
areas, but also have a huge knowledge base enabling them to pick up new skills or participate in
collaborations, without major transitions. Furthermore, companies interviewed does not require the
ability to develop new business models on top of the knowledge, but a skill profile is enabling the
improvement of specific services or processes within the industry. The required knowledge about IT
can often be described in the same way: not all should be able to work upon it, but all should be able
to use it.
The ability to collaborate both between different educational and organisational levels, as well as
between different domains, is highlighted. Lastly, the ability to build and maintain a network for both
business and technical know-how is important. This aligns well with previous findings from
ATV(Uddannelser til fremtidens vidensbaserede produktion, n.d.).
The employee should be able to:
•
•
•

use, combine and reflect upon at least one set of tools and technologies in the
company
imagine, predict and relate the relation between these different tools and
technologies, also out of their primary domain
describe the implications for the total company systems, both finance and IT

Fagskolen Tinius Olsen - Norway
Mapping of stakeholders
The participants are mostly regional companies located in the county of Buskerud. The span from
SME to large multi-national companies. This selection reflects the structure of the industry in the
region. Were the centre of gravity is in Kongsberg with a cluster of medium sized to large companies
mostly based on technology development and utilisation. Most of the companies have partnership
agreement with FTO and have participated in projects aimed at developing new studies and
programmes.
The participating companies represent manufacturing industries from a span of branches; jet
engines, ship control systems, coins and medallions, water heaters, manufacturing systems,
offshore subsea installations, aluminium, glued laminated wood and subsea ROV’s. The group also
represents the core of employers of FTO’s students.
The respondents in the companies spans positions from top management to skilled workers. The
largest group of contacts are placed in middle management.

Data collection
The gathering of data is based on talks with key personnel over a period of several months supported
by the WP3 framework. In addition, a questionnaire har been developed to collect facts about the
participants and their needs for competence. This questionnaire was developed based on the
framework for WP3.

Description of participants
GKN Aerospace - Norway AS is a producer of jet engine components. They have approximately
500 employees and was named “The smartest industrial company in Norway in 2016”
Kongsberg Maritime is a supplier of systems for maritime application such as dynamic positioning,
surveillance, navigation and automation. They have developed Kognifai which is “Kognifai is an open
and collaborative digital platform that improves integration between the world of information
technology and operational technology to accelerate business transformation in established civilian
industries.” KM has approximately 7600 employees world-wide after the acquisition of Rolls-Royce
Commercial Marine.
Det Norske Myntverket (Mint of Norway) is the producer of mints and medallions in Norway. They
are exploring the possibilities of implementing I40 capabilities in production. They have
approximately 30 employees.
OSO Hotwater Developes and produces water heaters and have a sophisticated production based
on I40 principles. They have approximately 50 employees.
Kongsberg Terotech is a supplier of industrial automation products and services for the
manufacturing industry and has developed the industrial monitoring and conrol system “Green

Monitoring”. In addition, the have several projects in the I40 domain. KT has approximately 60
employees.
TechnipFMC is a global leader in subsea, onshore, offshore, and surface technologies for utilizing
oil and gas resources. They utilize I4.0 technologies in products and production and have above
3000 employees.
Norsk Hydro is a global supplier of aluminium with activities throughout the value chain. They work
continuously with innovation and utilize I4.0 technologies and approaches in many of their
processes. NH has approximately 35 000 employees.
Splitkon AS produce glued laminated timber and has just invested in a new production facility
utilizing modern technologies. Splitkon has approximately 40 employees.
Tronrud Engineering is designer and builder of highly specialised and industrialised manufacturing
machines and solutions based on automation technology. They have an innovative approach and
provide solutions adapted to customers needs. Tronrud has approximately 200 employees and are
based in Hønefoss.
Sperre AS delivers customized ROV-systems for offshore use. The systems have diagnostic
systems where our technicians can log in to the system for support and maintenance. Sperre has
approximately 20 employees.

Needs of industry
Most of the companies reports that their product mix is affected by Industry 4.0, and that the needs
of their markets are affected by the development. New products and services are demanded. A large
majority also reports that their production capability is changed due to I4.0. The sales methods and
logistics however, are not affected by the development to a large extent. All participants have
expected that I4.0 will have a positive effect for their company’s growth. A majority of the companies
thinks that the most important potential of I4.0 is improvements, however a significant minority
mention innovation as the core potential of the development.
The overall conclusion from the participants expressed needs are multidisciplinary skills and broad
knowledge of the technology with automation as the core and deep knowledge about ICT related
subjects. They see I4.0 as an extension of automated manufacturing based on ICT opening new
possibilities.
FTO educates engineers with a practical background which are often recruited to the manufacturing
industry. Both in production planning, projecting new plants and in middle management running
manufacturing operations. The companies express their faith in these engineers as employees. This
is consistent with “Kompetansebarometeret” (NHO, 2018). This survey from the Confederation of
Norwegian Enterprise (NHO), states that 53% of the more than 6000 companies that responded has
a need for this competence.
When asked to rate different technologies identified with I4.0 the companies emphasis this skills in
prioritised order:
•
•
•
•

Data analytics
Sensors
Data security
Mobile user interfaces

•
•
•
•
•

Internet of Things
Cloud storage and services
Automation
General ICT skills
LEAN methods

The profile below shows the relative magnitude of needs for the different skills.

Needs in specific technologies
Automation
Predictive… 10
Industrial robots
AGV
Collaborative robots
CNC programming

8
6
4
2

General ICT skills
Tracking…
Data analyses

0
Additive production
CAD construction
Cloud storage and…

Sensors
LEAN methods
Data security

Internet of Things
Mobile user interfaces
Augmented reality
FIGURE 1: FTO – STATED COMPETENCES NEEDED BY THE PARTICIPANTS

The respondents expect their employees in the category FTO’s students represent to be able to
have a “full picture” view when approaching technical challenges such as planning of new production
facilities, improving existing equipment or solving technical problems that may occur. They must be
able to address challenges within the traditional mechanical domain, the electric/automation domain
and the running of computers and networks. This demands a multidisciplinary competence in these
domains supported by knowledge about the different technologies described above. The companies
also expect their professionals to be able to absorb new technologies and rapidly familiarize
themselves. They also expect that their employees can communicate across the different domains
and departments in the organisation and understand the company’s business model and the
economic aspects of the operation.
Another aspect that was highlighted is the ability to work in multidisciplinary teams and cooperate in
a productive way.

Described needs
In conclusion the needed competence profile described by the industry are of a multidisciplinary
engineer with a broad technical knowledge. She should be able to plan, build, operate and maintain
complex manufacturing systems in the I4.0 domain. She must also understand the business model
and economic aspects of the company. It is important that she is a team player and is able to
communicate with the other employees, customers and suppliers.

Aalborg University - Denmark
Background
The relocation of production and other core activities has had consequences for Danish companies'
competitiveness and many Danish companies have had to observe that when production is moved
abroad, the competencies disappear and thus also the ability to develop new unique products and
flexible processes. This is a major challenge for Danish manufacturing companies, as precisely the
development of unique products and flexible processes has contributed to ensuring high value
added.
Today, however, the fourth industrial
revolution (Industry 4.0) gives countries such
as Denmark an unique opportunity to turn
this development around, allowing the
Danish manufacturers to achieve high levels
flexibility and innovativeness and efficient
production, which in turn, supports local job
creation. Industry 4.0 is based on a datadriven approach to production, where
intelligent and flexible machines work
together as self-organized production
systems, and different supply chains
integrate and coordinate with each other in
real time.
In general, Denmark is a highly digitalized
country compared to the rest of the EU, with
regards
to
infrastructure,
services,
connectivity and human competences. This
provides a solid foundation for exploiting the
potential of I4.0.

FIGURE 2: AAU - DIGITAL MATURITY

However, several studies indicate that despite the considerable opportunities - there is still a large untapped potential for strengthening
competitiveness and productivity through digitization and use of data, especially among small and
medium-sized companies. Not only do these types of firms lack the financial resources their larger
counterparts have, one essential barrier to the successful implementation and use of industry 4.0
technologies is a lack of expertise, that is, a lack of insight into how I4.0 technology can contribute
to increased growth and productivity.
This emphasizes that there is a great need for knowledge in Danish companies. Especially the small
and medium-sized companies do not have the necessary knowledge to implement the necessary
changes and also lack ways of obtaining knowledge from outside the company.

Percentage of advanced digital companies

Added value per FTE (1.000 DKK)

# of employees

Degree of digitalization

FIGURE 4: AAU - PERCENT OF DIGITALIZATION IN DANISH
COMPANIES BY COMPANY SIZE

HTTPS://EM.DK/PUBLIKATIONER/2017/DIGITALT-

FIGURE 3: AAU - PRODUCTIVITY AND DIGITALIZATION LEVEL IN
DENMARK 2014: HTTPS://EM.DK/PUBLIKATIONER/2017/DIGITALVAEKSTPANELS-ANBEFALINGER

VAEKSTPANELS-ANBEFALINGER

Stakeholders
The TEFFIC analysis conducted by Aalborg University of industrial needs for competences in relation
to future I4.0 capabilities takes place in the Danish region denoted North Jutland. This region is
characterized as being an area with a great amount of (untapped) potential in terms of utilizing the
possibilities of Industry 4.0. In the region, there are competencies and knowledge from both
traditional manufacturing industries (e.g. the food, metal, mechanical industries) and from an IT
cluster that flourished around the mobile industry in the 1990s, and since then has formed the
breeding ground for many new companies within wireless/communication technology. Since Industry
4.0 is about integrating digitalization, automation and robotics with traditional manufacturing
industries, this particular combination of industries indicates the potential for cross-industrial
collaboration to support innovation, which also is pointed out as a main priority in the growth and
development strategy of the Region.
The industrial landscape in North Jutland is dominated by SMEs, which often are less willing to make
large investments or undertake risks compared to larger companies. As a result, efforts to digitalize
or automate are often limited to specific functions or processes within the companies, whereas the
total value stream only receives limited attention. This poses a significant problem since connectivity
and integration of data, processes and systems are at the core of industry 4.0. Results from an
automation study conducted by the Danish Engineering Association also show that North Jutland is
at the low end of the scale when it comes to the perceived exploitation of the automation potential.

This picture can to some extent be explained by the industrial structure in North Jutland, but must
also be attributed to a general inertia in the willingness to invest and in the ability to translate
technology potentials into practice at company level. The investment backlog in North Jutland
threatens to leave the region's companies at a development stage that can prove difficult to break
out of, because it is often accompanied by low value added and thus a limited investment capacity.
The TEFFIC analysis conducted by Aalborg University of industrial needs for competences in relation
to future I4.0 capabilities takes place in this setting.

Methodological approach
The stakeholders in focus are selected to match a representative sample of both geography location,
size of companies and industry types.
−

Organizational size (Large, medium and small)

−

Technological intensity (Low-tech, medium-tech, and high-tech)

−

Technology providers and industrial users

−

Growth rates (High, low)

−

Location (Geographically distant/close from larger cities)

Furthermore, an important selection criterion is to sample companies which are in frequent
interaction with the university in one way or the other in relation to I4.0 initiatives. The companies in
this way represent a segment of industry which is relatively more advanced in their I4.0 initiatives
than the general population of industrial companies. The intention of this sampling is that these
companies are more likely to be relevant for the students of Aalborg University.
For the purpose of data collection, a customized survey is developed, and distributed to individual
representatives of the companies. The selected respondent are IT managers; Production Managers,
R&D managers; Technology managers and Business Developers.
The industrial stakeholders are:

1. Create it REAL: The company was founded In 2009 and is based in Aalborg. The
Create it REAL team consists of 15 experts in 3D printing technologies,
electronics, 3D graphics and mechanics. The company has developed the
worldwide first real-time processor dedicated to 3D printing and launched a
powerful platform that reduces the time to market by half.

2. JKF Industri: The company was founded in 1957 and is located in Hadsund. The
company is amongst the leading manufacturers and suppliers of component for
process ventilation systems.
3. ROCKWOOL: The company was established in 1937 and today covers 5 brands, 28
plants worldwide and more than 10.000 employees. At the core of the ROCKWOOL
products is the manufacturing of stoneewool.

4. Xtel Wireless: The company is located near the Aalborg University campus, and is

an offspring of Denmark’s mobile cluster. The team consists of +25 highly
specialized hardware and software development experts, and they work closely with
major partner within IoT – especially Intel®.

5. Dolle A/S: The company was founded in 1982 and is located in Frøstrup in the
Western part of Denmark. The company employs app. 100 people, and is world
leading in development, manufacturing and sales of loft staircases.
6. Blue World Technologies: The company was founded in 2018 and is located in
Aalborg. Blue World Technologies is an advanced developer and manufacturer of
methanol fuel cell components and systems for use in mobility and automotive
applications. Blue World Technologies is founded on extensive experience from the
fuel cell business.
7. Migatronic Automation: The company was founded in 1985 and is located in
Fjerritslev in the northern part of Denmark. Migatronic Automation develops
intelligent technology for manual welding and automated solutions.
8. Aviatec Aps: The company was founded in 1965, and is located in NørreSundby
close to Aalborg. The company has pioneered work in friction welding, and today
has an export degree above 85%.
9. MAN Energy Solutions: A multinational company that produces large-bore diesel
engines and turbomachinery for marine and stationary applications, as marine
propulsion systems, power plant applications and turbochargers. The company was
formed in 2010 from the merger of MAN Diesel and MAN Turbo. MAN Energy
Solutions is a subsidiary of the German carmaker Volkswagen Group. The Danish
plant is located in Frederikshavn in the Northern part of Denmark.
10. GomSpace: An entrepreneurial company in the Space industry. The company was
founded in 2007 as a spin off from Aalborg University. The company produces nanosatelites, from spares parts to constellations. The company is located in Aalborg
close to the university, and today employees app. 350 people.
11. NS System A/S: The company was founded in 1965 and is located in Frederikshavn
in the north of Denmark. The company produces prints for textiles and is amongst
the leading companies in the industry in Europe. The company today employs 60
people.
12. SKOV A/S: The company was founded in the mid-1960s, and produces complete
state of the art ventilation systems for farming. The company is located in the
western region of Denmark and employs app 300 people.
13. Vestas Wind systems: The company is amongst the world-leading energy providers,
designing, manufacturing, installing and servicing wind turbines across the globe.
The company employs app 25.000 people world-wide.

14. BILA A/S: The company was founded in 1988 in the Western part of Denmark. The
company focuses on production optimization through robotics solutions and
automation. The company includes consultancy, construction, development,
implementation and service of robotic solutions. The company employs 350 people.

Stakeholder needs
In the following we have applied the TEFFIC WP3 analytical
framework. This provides us with a uniform way of
analyzing the competences and capabilities required and
needed for industry in order to move further towards the
efficient application of I4.0.

Business and Strategy
In terms of strategy and business models we measured the what the companies primarily focus on
in terms of productivity effect of I4.0. As illustrated below it is evident that the companies primarily
associate i4.0 initiatives with the potential for cost reduction on existing processes. Improvement of
existing processes is a secondary focus, whereas innovation, i.e development of new potential is the
less developed focus.

Focus of I4.0 initiatives
60%
50%
40%
30%
20%
10%
0%

Cost reduction
Very low degree

Low degree

Improvement
Somewhat

Innovation
High degree

Very high degree

FIGURE 5: AAU - PRODUCTIVITY FOCUS OF I4.0 INITIATIVES

This finding matches well with findings from other projects, where an even higher unevenness in the
distribution has been identified (e.g. Waehrens et al. 2018), with only a relatively marginal focus
dedicated to innovation.
The sample characteristics of the companies included in this analysis should be considered to
account for the differences in the findings. The companies in the current analysis are all engaged
with Aalborg University on the agenda of Industry 4.0 in different ways, and hence represent a subset
of companies who are already actively working with the agenda. When asked about the overall i4.0
maturity of the company, the results were that 50% rated their company to be “medium” in maturity,
and app. 20 % rated their company to be highly mature. This means that were are working with a
subset of industrial companies who are on the forefront of the I4.0 agenda.

What is your estimate of the overall I4.0 maturity
of your company?
60%
50%
40%
30%
20%
10%
0%

Low

Medium

High

FIGURE 6: AAU - I4.0 MATURITY

Technologies
Examining the competences needed in relation technologies, we first researched the industrial needs
for further competences in relation to enabling technologies. We studied which enabling
technologies are considered to be the most relevant, and the needs for new competences
experienced in relation to each enabling technology.
The results show that all suggested enabling technologies are considered relevant. But, a few
technologies are considered more relevant than the rest. This is 1) collaborative/autonomous robots,
2) IoT, 3) Big Data Analytics, 4) Cloud Computing and 5) 3D-printing.
The companies estimate that there is a general need for new competences in relation to all of the
enabling technologies.

5,0
Relevance
4,0

Need of new competences

3,0

2,0

1,0

0,0

FIGURE 7: AAU - RELEVANCE OF ENABLING TECHNOLOGIES AND NEEDS FOR FURTHER COMPETENCES

In order to further research the application of i4.0 technologies, we also looked at how integrated the
i4.0 initiatives are in the companies, ranging from I4.0 being introduced in single
operations/processes to I4.0 being integrated across the internal and external value chain.
The results clearly demonstrate that the majority of the I4.0 initiatives are stand-alone initiatives in
single operations/processes and to some degree integrated with other processes. Only a low degree
of the initiatives are integrated across departments/functions and to an even lower degree across
the external supply chain. This indicates that the value generated from I4.0 initiatives is still relatively
immature.

How integrated are I4.0 initiatives in your company?
Operations/processes/products across the entire
supply chain
Operations/processes/products across the entire
company

Very low degree
Low degree

Operations/processes/products across several
departments

Somewhat

Several operations/processes/products in each
department

High degree
Very high degree

Single operations/processes/products
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
FIGURE 8: AAU - DEGREE OF INTEGRATION OF I4.0 INITIATIVES

Competences
We also researched the I4.0 competences of the companies directly. Firstly we looked at the digital
mind-set of the people in the companies.
The results show that the general use of digital technologies is relatively high.

All employees/management use digital
technology to a high extent; professionally,
educationally and leisurely
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I entirely agree
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Neither/nor

I disagree
somewhat

FIGURE 9: AAU - DIGITAL MIND-SET 1

I entirely
disagree

The majority of people have a positive attitude towards new digital technologies, and embrace the
challenges these present.

All employees/management embrace the
challenges which the digital technology presents
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FIGURE 10: AAU - DIGITAL MIND-SET 2

The results also demonstrate that the employees have a high degree of curiosity about new digital
technologies

Employees are curios about digital technology
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FIGURE 11: AAU - DIGITAL MIND-SET 3
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However, when it comes to staying up-to-date with the latest knowledge on new technologies, we
see that this seems to be problematic.

Employees/management are up-to date with the
latest knowledge on new technology
45%
40%
35%
30%
25%
20%
15%
10%
5%
0%

I entirely agree

I agree
somewhat

Neither/nor

I disagree
somewhat

I entirely
disagree

FIGURE 12: AAU - DIGITAL MIND-SET 4

In terms of how the companies acquire new competences, we find that the most prevalent methods
are either that individuals experiment with new tasks on their own, indicating a low degree of strategic
priority, or the competences are acquired by hiring new employees with different profiles.

How are new competences acquired?
5
4
3
2
1
0

Individuals
We provide inWe send
We use external We hire new
experiment with house training for employees on consultants to do employees with
new tasks on
exisiting
courses
new tasks
new competence
their own
employees
profiles
FIGURE 13: AAU - COMPETENCE ACQUISITION

Development Approach
The majority of the companies state that new manufacturing technologies are introduced based on
a strategy of development of the manufacturing tasks.

How are new manufacturing technologies
introduced
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Based on a
strategy

Major systemic
implementation

FIGURE 14: AAU - IMPLEMENTATION APPROACH

Conclusion
The research focuses on a sample of 14 companies from various industries, of various sizes and
ages. What characterizes all of them is however that they in one way or the other all are engaged
with Aalborg University in activities related to Industry 4.0. This means that the sample represents
companies which are on the forefront of working with I4.0, and thus not the general population of
Danish companies. This makes the sample especially interesting in relation to the student population
at Aalborg University. However, it should also be taken into account that this has the effect that the
results are not necessarily representative of the general population of manufacturing companies. In
fact, we suggest that the patterns we are identifying here are most likely the most positive and
advanced results, and that most industrial companies would not have as many competences in
relation to I4.0 as shown here.

Technological needs
The results demonstrated that there is a high need for new technologies in general, and that a few
technologies are particularly interesting. This is:
1)
2)
3)
4)
5)

Collaborative/autonomous robots,
IoT,
Big Data Analytics,
Cloud Computing,
3D-printing.

These technologies will form a significant part of the experiments conducted at Aalborg University
on how to increase the capabilities of working with I4.0.

Competence needs
In terms of needs for new competences, the results show that the digital mind-set of employees and
management is relatively high on all parameter related to technological curiosity, positive views on
digital technologies, and a general high proficiency level in using digital technologies. However, the
companies are also stating that they are struggling to stay up-to-date with the latest knowledge on
new technologies. This is further underscored by an identified general need for new competences in
relation to all enabling technologies. The competence strategies are mostly dependent on individual
experimenting on their own time, or hiring in completely new competences. The training of existing
employees in relation to new I4.0 competences only takes places to a lesser degree.

Strategic needs
In terms of strategic needs, the analysis identified that the most significant view on the value of I4.0
is in relation to cost reductions on single operations. Improvement of existing processes is a
secondary focus, whereas innovation and creation of new potential is only a marginal focus. This
result demonstrates that the strategic understanding of the potential of I4.0 is still relatively immature.
A similar immaturity is seen in level of integration of I4.0 technologies across the internal and external
value chain. Here we find that most frequently I4.0 initiatives are stand-alone operations, and to
some degree integrated with other adjacent operations.

Technical University of Tallinn - Estonia
Introduction to Stakeholders
The adoption of digital transformation of industry (Industry 4.0) is one of the most important pillar in
the Estonian digital society. Estonian economy is highly focused on digital technologies that can have
an impact on both manufacturing and service business sectors. Therefore, the Ministry of Economic
Affairs and Communications of Estonia plays a vital role in the analysis of digital maturity of
industries and they are the main stakeholders to support the study. The concept is to develop a
Digital Innovation Network that aims to gear up the process to leaning towards the Baltic Sea region
digital single market. Moreover, the need of the Industry 4.0 readiness analysis leads to sectoral
development and establishment of cooperation between regional countries.
The first analysis has made to grasp the current level of digitalisation of industrial areas that are
more important for Estonia, and to understand what are the bottlenecks and restrictions. In addition,
it was important to analyse the estimated impact of different fields of business obtained from the
use of digital technologies today and in the future. A web survey was conducted to gather the
information, 26 companies responded to the survey, out of which 11 were companies engaged in
engineering and metal industry, 9 in timber industry, 5 in electronics industry, and 1 company from
another (unspecified) area.
Specifically, the Engineering and metal industry (including electronics industry) and timber industry
were considered to be a focus group due to their role in the economic development. 12 companies
responded in focus group interviews, out of which 6 companies engaged in engineering and metal
industry, 5 in timber industry, 1 in electronics industry.

Framework for Analysis
There are four main categories of analysis. For the estimation, the scale of analysis is defined
into the five classifications as shown below:
• Totally
unimporta
nt

• Moderate
ly
important

• unimportant

• Very
importan
t

•Important

Business Aspect
Strategy and Business Models
The importance of digital technologies for target companies was assessed based on the current
situation and how to work with future industry 4.0 capabilities (5 years perspective). Out of the
respondents, 44% found that using digital technologies is a very important issue at present. 32%
found that it is important and 24% considered it to be of moderate importance. With respect to 5
years perspective, 72% of the respondents found that using digital technologies is very important,
24% that it is important, and 5% that it is moderately important.
To sum-up, companies consider using digital technologies as very important from the long-term
perspective and see that digitalisation and use of digital technologies will become increasingly
important every year as shown in the Figures 15 and 16 respectively. It was also perceived that
companies see a strong competitive advantage in using digital technologies and in digitalisation and
understand that from a longer perspective, this is inevitable. In addition, they also see that using
digital technologies enables them to better manage all their resources and as a result, the need for
labour will decrease significantly, while the knowledge/skill requirements of employees change in
connection with that.

FIGURE 15: TALTECH – CURRENT SITUATION

FIGURE 16: TALTECH - SITUATION IN 5 YEARS

Technologies Aspect
Enabling Technologies

The importance of using digital technologies are reviewed based on the current situation and in 5
years perspective. The companies responded to the following technologies:
o

Automation technologies

o

Robotics

o

Cloud computing

o

o

Augmented Reality and Virtual Reality
Virtualization/simulation

o

o

Big Data
Artificial Intelligence

Automation Technologies
The percentages of importance of using automation technologies can be seen in the Figures 17
and 18 respectively.

FIGURE 18: TALTECH - AUTOMATION TECHNOLOGIES PRESENT

FIGURE 17: TALTECH - AUTOMATION TECHNOLOGIES IN 5 YEARS

The respondents see that automation will help to alleviate the ever increasing labour shortage. At
the same time, lack of knowledge of specialists of automated solutions as well as availability of
specialists were highlighted as obstacles to automation. Also, different automatic systems enable
to increase productivity per working hour and thereby decrease the cost price. As a bottleneck of
automation, it was pointed out that automatic devices will become increasingly sensitive to power
surges and interruptions in connection. The majority of the interviewed companies had fully- or semiautomatic devices and production lines already in use. Most of them used the CAD/CAM system
and the majority had also implemented an ERP system and MES solutions. These solutions were
predominantly not existing in small companies.

Robotics
The percentages of importance of using robotics in industry can be seen in the Figures 19 and 20
respectively.

FIGURE 19: TALTECH - ROBOTICS PRESENT

FIGURE 20: TALTECH - ROBOTICS IN 5 YEARS

Augmented Reality and Virtual Reality
The percentages of importance of using AR/VR technologies can be seen in the Figures 21 and 22
respectively.

FIGURE 21: TALTECH - AUGMENTED REALITY PRESENT

FIGURE 22: TALTECH - AUGMENTED REALITY IN 5 YEARS

Cloud computing
The percentages of importance of using cloud computing can be seen in the Figures 23 and 24
respectively.

FIGURE 23: TALTECH - CLOUD COMPUTING PRESENT

FIGURE 24: TALTECH - CLOUD COMPUTING IN 5 YEARS

Virtualization/simulation
The percentages of importance of using cloud computing can be seen in the Figures 25 and 26
respectively.

FIGURE 26: TALTECH - VIRTUALIZATION PRESENT

FIGURE 25: TALTECH - VIRTUALIZATION IN 5 YEARS

Big Data
The percentages of importance of using cloud computing can be seen in the Figures 27 and 28
respectively.

FIGURE 28: TALTECH - BIG DATA PRESENT

FIGURE 27: TALTECH - BIG DATA IN 5 YEARS

Artificial Intelligence
The percentages of importance of using cloud computing can be seen in the Figures 29 and 30
respectively.

FIGURE 30: TALTECH - ARTIFICAL INTELLIGENCE PRESENT

FIGURE 29: TALTECH - ARTIFICIAL INTELLIGENCE IN 5 YEARS

System Integration
As with automation, more than half of the companies who participated in the survey considered the
use of database technologies and their integration, currently as very important and in 5 years,
56.5% of the respondents saw it as very important and 34.8% as important. Out of the respondents,
4.4% considered it totally unimportant at present as well as in future perspective. This indicates that
the companies understand that by using the technology, they will receive important information from
their processes in a fast and operative manner, which simplifies the management and
administration of processes on all levels. In addition, the importance of this information was seen
in the planning phase of processes with a possibility of making the planning increasingly precise
and thereby increasing the productivity of processes.
The companies pointed out that they consider integration of technologies as very important,
however, obtaining the data used for the management of different processes is extremely
complicated and time- consuming, because it is very difficult to get the machines of different
manufacturers to communicate with the information systems. Because of that, the companies do
have information saved in the software of devices, but it is difficult to retrieve it from the database
and using it in the management of processes. Most of the companies considered resolving this
problem as the biggest challenge of the coming years. The importance of database technologies
was also seen in ensuring the traceability of products throughout the product’s life cycle. This
information was deemed important from the viewpoint of offering the right maintenance service for
the product at the right time.

Competence aspect

Impact of digitalization on competitive advantage
From the respondent companies, 44% companies stated that digitalisation does not influence their
competitive advantage. 32% believed that as a result of digitalisation, 50% of their competitors will
disappear, and 34% thought that competition will intensify by 50%. Here it can be concluded that
the majority of respondents still believe that digitalization influences competitiveness, as shown in
the figure 31.

FIGURE 31: TALTECH - DIGITALIZATION AS A COMPETITIVE ADVANTAGE

During the interviews, all companies agreed that there is a strong link between increased
competitiveness and using digital solutions. Above all, they pointed out that digitalisation of processes
will result in increased productivity per working hour, shortened supply cycle, and improved quality. In
addition, it was highlighted that given the appreciating labour force, it will be difficult to remain
competitive without digitalisation and automation of processes; in this context, digitalisation and
automation are inevitable.

Knowledge and skills for implementing digital solutions
All focus group companies mentioned insufficient knowledge and skills of their employees as one of
the factors causing delays in implementing digital solutions. Knowledge on various digital technologies
and respective implementation is generally detected by upper level management, but not so much by
middle management and specialists. Companies do not consider it a problem if production workers are
not able to implement the developed systems. There is rather a lack of people who would be able to
develop and deploy different systems as well as develop company-based solutions.
Only one company has developed a special program to improve digital competence on different levels.
Their upper level management conducts seminars and brainstorming sessions twice a year to
introduce new digital solutions, and also organises internal digital training and publishes a digital
newspaper. This company asks for employee opinions on different solutions and in case of a good
suggestion respective employees are rewarded. In conclusion, companies are generally not satisfied
with the existing knowledge and skills of their employees on digital technologies, but their management
also does not exploit all internal potential to train their employees (e.g. specialists, middle
management).
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Development Approach
Implementation approach

The most companies who participated in the study were already implementing, to some extent,
Enterprise Resource Planning Systems (ERP), cloud computing, sensor technologies, CAD/CAM
technologies, MES (manufacturing execution systems) solutions for monitoring processes, and
scanner solutions based on European Article Number (EAN) codes. Some were also using 3D-solutions
(mostly in the timber industry).Companies also admitted that they mostly apply these solutions
separately and have not integrated various solutions into one whole. Companies have noticed that this
makes managing different systems and inserting their data time-consuming. Only one company
admitted that they have interfaced all their solutions and are also using the Big Data information for
compiling reports.
It was revealed that few companies currently have a strategic approach to implementing digital
technologies. Only two companies had a strategy for implementing digital technologies and two other
companies had obtained it as part of company’s general strategy. Other companies did not even have
a general strategy. For them, implementing different digital technologies was rather a reactive than
proactive issue. It was also noted that both companies that had a strategy for implementing digital
technologies belonged to a global corporation where digital technologies as well as their interconnected
integration were more widely used. Companies that did not have a strategy for implementing digital
technologies admitted that they would surely benefit from it and it would definitely help with continuous
and constant competitiveness.
In conclusion, a strategic approach is extremely important for implementing digital technologies in a
company, and while all companies understand its necessity, many do not have a related strategy in
place.
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Thomas More - Belgium
The stakeholders:
Stakeholders
ABB
Agidens
Atlas Copco
BASF
DSP solutions
Dymotec
Encorea
Endress+Hauser
ESAS automation
FT solutions
Gerflor

Innovation unplugged
JBT
J-TEC
KUKA
Procter & Gamble
Pfizer
Pilz
Reditech
Saint-Gobain
Siemens
Wienerberger

These stakeholders are the ones that already confirmed on working together with us within this
project. There are some small fish and some big whales within our stakeholder pool, also for a
variety of different domains.

Engineering
Servicing
Industrial and BI software
Drive and motion technology
Chemical
Building technology
Industrial equipment

Domains
System integration
Maintenance
Testing, measurements, control and
regulation
Process control
Pharmaceutical
Machine builders
Safety features
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FIGURE 32: DATA REGARDING THE COMPANY SIZE OF THE PARTNERS.
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FIGURE 33: DATA REGARDING THE ENABLING TECHNOLOGIES.
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After analyzing the B2B meetings, some patterns started to emerge. Almost all companies
(95%) are investing time and resources into IIoT / industry 4.0. How bigger the company, how
bigger the investment/commitment. For example, Pfizer and BASF are both humongous
companies, they both have a complete A-Z strategy plan for the future. The smaller companies
(below 100 people) are investing in one or two technologies. But as said almost all companies
are investing into IIoT/I4.0, mainly with the goal to improve their products or services offered,
but some (15%) are doing it mainly for profit/reducing the costs. The most popular research
topics are cloud & cybersecurity. Two items that are closely related. Only a hand full of
companies are implementing one or more topics in a real project, the others are still developing
or researching what the best solution is for a certain problem.

FIGURE 34: TM - ENABLING TECHNOLOGIES
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FIGURE 35: TM - BARRIERS TO I4.0
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Europa-Universität Flensburg - Germany
Mapping of stakeholders

Our stakeholders are part of an open group of different companies (primary SMEs) and educational
institutions. They are mainly related to VET, educational institutions, innovators or trainers. They act on
different levels in the area of digitalisation or the 4.0-implementation and self-understanding in relation
to Industry 4.0.
The focus of our consideration is a thematic framework that consists of the future demands on workers
and VET, and the implementation of 4.0 technologies. Our main focus is primarily on the competence
dimension, unequally combined with the technology-dimension.
It is especially the vocational schools that are the later main employer of our students. However, our
students must be made aware of which processes of change are taking place in the companies. They
also have to prepare their future vocational-students in a competence-oriented way for their daily work,
with real comprehensible references in real and regional companies, beyond the big players in the
distance.
In addition to the self-portrayal of the stakeholders, it is about getting insight from trainers in companies
and schools, along estimated needs. This mapping is an overview and adds regional nuances to the
established knowledge and suggestions about the skills and competences required for Industry 4.0.
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FIGURE 36: EUF - RELATIONEL DISTRIBUTION OF 4.0 IN GERMANY HTTPS://WWW.PLATTFORM-I40.DE/PI40/ NAVIGATION/ KARTE/SITEGLOBALS/
FORMS/FORMULARE/KARTE-ANWENDU

Data Collection

There have been open-structured interviews and with representants with some stakeholders and workobservations of skilled workers and VET-students:
5.
6.
7.
8.

FAB-Lab
Vocational-Teachers
Incompany Instructors / Incompany Educators for VET
Vocational Students @ Vocational School lessons

Production processes should be made more flexible and market-oriented in order to increase the
efficiency and profit of production and services. Ultimately, it is the companies themselves who decide
on the introduction of innovations, which will also be followed by socio-occupational changes. The
current 4.0 discussions and discussions about the working world of the future and the use of comparable
technological rearrangements are largely based on pure technological feasibility. The discourse,
however, increasingly requires a human-centered orientation, measured by the respective
competencies of current and future specialists, especially with regard to the training and further
education of skilled workers. In such initial or emerging phases of the striving for technological change
and the optimization of everyday working life, a political and operational top-down implementation of
technological innovations must be critically reflected. Additional subject-oriented perspectives on the
heterogeneity of the competences of affected employees or subject-oriented perspectives of the
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educational responsibles and trainers and the tailor-made situational personnel development derived
therefrom in the companies are necessary.
The interviewer and observatory protocolled key-findings for the relevant dimensions, primarily the
future needs for skilled-workers or VET-Students. We confronted the partners also with the construct of
Netzkompetenz / Netcompetence regarding to relevant examples out of their field of action and
business.

Description of interviewed stakeholders
Industry and SMEs

1. Anthon GmBh – Maschinen und Anlagenbau (Flensburg, GER): Development and production /
manufaction of industrial sawing systems and software solutions for panel processing sector
(e. g. Gantry saws, cut-to-size machines, grinding machines. Packacking machines („Well
equipped for batch size 1.“). It is family- owned with appr. 160 employees.
2. Ingram Micro (Flensburg, GER): After-sales and repairing service management for mobile
devices (e. g. Samsung and Apple), with appr. 200 employees.
3. Stadtwerke Flensburg (Flensburg, GER): Energy and Fibre Supplier with a power plant. One of
the biggest employers in Flensburg, with Approximately 640 employees
4. Aerotune GmbH (Flensburg, GER): a StartUp of an vocational teachers. Their business are
high-en aerodynamic testing systems, e.g. for professional bike-sport, appr. 6 employees.
5. Tischlerei Mau (Kappeln/Schleswig, GER): Sepcialized carpenters 3D CNC for individual
fittings for yachting and furniture/ boat-interior.
6. HELLA GmbH & Co. KGaA (Recklinghausen, GER): Supllier for automobile-industry
Automotive: automated production of smd-technology for light-system, e. g. control panels for
headlights etc., appr. 800 employees. Our main focuse: VET-department of HELLA.

Education & Vocational Education

7. Eckener Schule & College of Design and Technology (Flensburg, GER): Vocational school
Technical college VET, appr. 2200 students and 110 teaching staff.
8. IQSH – Institut für Qualitätsentwicklung an Schule Schleswig-Holstein (Kiel, GER): Last phase
of academic education of vocational teachers for vocational schools in Schleswig-Holstein,
directed byy the federal government and ministry of education in Schleswig-Holstein.
9. EUC SYD (Sønderborg, DK): Vocational school / ErhvervsUddannelsesCenter Syd (EUC Syd Vocational Educational Centre South): Danish Center for VET and further education for
automation, Software Simulation, CAD, Roboting in Southern Denmark.
10. FAB LAB @ the Hochschule Flensburg / University of applied sciences Flensburg (Flensburg,
Germany): Educational offer for STEM-Subjects for schools and public (Repair-Café)
didactized .3D-printing, -cutting and modelling.

Industrial Associations

11. Chamber of Craft Flensburg (Flensburg, Germany)
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12. Bank of Investment Schleswig-Holstein / IB-SH (Kiel, GER)

Needs of stakeholders – Focusing the dimension of competence

There seems to be a common thread among stakeholders that the foundation for future innovation and
implementation of Industry 4.0, or digitalisation, cannot be found solely in the implementation of new
technologies, but in the ability of employees to interlink topics and actions with each other and be
solution-oriented act and communicate. There is a big need for interdisciplinary and cross-linked
competences and skills, to keep the design-ability of future skilled workers and the company itself.
Industry 4.0 does not have a unified definition of the stakeholders, it seems to be representative of
innovation and future viability, and often used in synonymous with digitization. But in all cases, it is about
a meaningful and competent handling of new technological implementations, especially with reference
to a computerization of everyday working life, on different levels. Programmers are still programming
and non-informatics are mainly users, but awareness is increasing that the need will increase not only
to use, but also to understand and network. Similarly, computer scientists need to find languages and
terms to communicate inter-disciplinary and at different levels about changing processes, to act more
transparent in fields of business and education also.
They all seem in common, that apart from the necessity to understand IT architectures,
interdisciplinarity-communication of employees will also be the basis for a successful and sustainable
solutions of complex problems: even across different levels of qualification. Al those human-skills /competences should be basic competences for a successful work with future Industry 4.0 capabilities.
However, most of them do not have scalable approaches yet, but they do recognize high needs of these
competencies (see AAU, WP3 Presentation 3.1).
In the companies and the field of VET, it can already be seen from the perspective of "technological
glasses" that digitization and networking have arrived in the real-company work processes of skilled
workers, but on different varying degrees and not in a holistic integration in business processes. The
use of ICT happens without a specific trend reference or operational intent of self-attribution through the
Lable Internet of Things or Industry 4.0. It still dominates the communication machine-human. A purely
automatic self-optimization or design over IP networks does not happen yet.
However, the human workforce benefits from the shown possibilities of action on digital user interfaces.
At present, humans are still the decisive act of action - especially outside of routine activities and
problem solving. The operational use of IT technologies ranges from IT-supported documentation
systems, digital communication via mail programs on smartphones or computer workstations, software
operation and, for T. programming up to the location-independent decentralized control, maintenance
and commissioning via IP networks of the respective clients and controllers. The findings of the
occupational didactic surveys on the technological "status quo" in companies are broadened by the fact
that differences in the degree of IT implementation and the use of digital technologies or of software in
the working day are still more variable among skilled workers Occupations or the use is already shifting
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into 'new' occupational frameworks. For example, the day-to-day work of IT professionals has
expectedly high levels of digital and information technology penetration, but is a result of the growing
number of operationally-desired implementations of information-networked control systems in traditional
production facilities.

Described needs

FIGURE 37: EUF- HOW TO ENABLE SKILLS AND COMPETENCES OF EMPLOYEES / VET-STUDENTS IN COMPANIES FOR 4.0 (BIAT, 2019)

However, the fact is that the stakeholders, especially the education, and especially the VET system,
cannot assume that the introduction of technological rearrangements in companies is initially thought of
usability. In most cases, the technological possibilities are first conceived and the necessary adaptation
of the human labour force is directly concluded. A holistic and enlightened approach in terms of
Netcompentece and the parallel knowledge of employee-competences and the development of IT-skills
across occupations and qualifications has become necessary in fast-moving times and in order to
ensure the flexibility and quality of the reflected work. The stakeholders want the skilled workers and
vet-students to increase their holistic awareness, e. g. in the form of Netcompetence and beyond the
traditional idea of professional expertise. This process of development is not only about the acquisition
of technological and technical understanding to happen, but fed in the globalized world of work through
the reflection of cultural areas (international supply chains and social migration movements), politics
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and sources of information and especially the classification and evaluation of the ubiquitous ICT. But
fact is also, that inside the companies there is only a low managed plan / change management how to
integrate private smartphones in the work process of skilled work, especially in SMEs. The maturity of
4.0-competences, in these regional network-companies, is heterogenic and not at high level,: but
awareness for more interdisciplinary-settings and a controlled ICT is inscreasing.
Some examples:
Some findings led to complex insights into the changing world of work. For example, formerly rigid
hierarchical levels between academic and non-academic employees have been abolished in the dayto-day work of an IT-specialist (EQF4). The IT specialist is primarily responsible for the design and
commissioning of a highly budgeted software project in which she can assemble her own team and work
on her academic IT staff (EQF6-7).
Skilled workers use their private smartphones in the work process to communicate via messenger
groups with colleagues on the subject matter of operative business operations. Communication has
been significantly accelerated in this way. Messages and pictures of equipment or schematics were sent
to discuss options for action in a cooperative, decentralized and situational manner. In another company,
experienced skilled workers were sent abroad for English-language training courses, where they then
continued to train the local team as multipliers. Skilled workers with upcoming work assignments abroad,
e. g.at company-related international locations, received advance training in terms of a linguistic
refresher and the cultural and as well as political conditions on-site at the place of use.

Summary of the competences needed

FIGURE 38: EUF - NETCOMPETENCE FOR VET (GEBHARDT, GRIMM 2019)

Former linear, hierarchically structured work
processes with well-defined work requirements and
clearly defined areas of responsibility had proven
successful in many areas of company work. The
developments
towards
4.0-developements,
interdisciplinary networked, openly participatory work
organizations and workflows. The interpenetration of
individual and collective living worlds with ubiquitous
information and communication technologies has long
been a reality. Insight into the specialist work of
affiliated professionals allows first professional
didactic assumptions for the accomplishment of work
tasks with IT-related connections. It is thus argued
here that forms of work, work equipment and working
methods of information technology in neighbouring
domains are just as integrated, as has already been
done with the purely technical integration of
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information technology as far as possible. The construct of net competence has been endeavoured to
provide a basis for sensitization, understanding, and critical reflection in a digitized and international
world of life and work. Biographically, development paths for Netcompetence should not only gain
relevance when entering vocational education and training, but their development should be taken up
at an early stage and the further education of employees. The intention is not to enable all trainees or
experienced skilled workers to independently carry out complex programming tasks. Rather, it is about
basic knowledge and interdisciplinary perspectives, with a continuous work-practical and target-oriented
relationship in ICT settings.
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Summarizing Conclusion on WP3
The empirical analysis of industrial needs relating to how to work with future industry 4.0 capabilities
has been conducted by all TEFFIC partners across Europe. A total of 94 companies have been involved
in the empirical analysis through interviews and customized surveys.
UCN, DENMARK
FTO, NORWAY
AAU, DENMARK
TALTECH, ESTONIA
THOMAS MORE, BELGIUM
EUF, GERMANY

10
10
14
26
22
12
TOTAL 94

The results show that depending on nationality and industry, there are indeed certain difference,
especially in relation to current level of competences. However, the findings demonstrate that in relation
to I4.0 there are also numerous similarities, in particular in relation to the understanding of importance
for the future.

Technological competences
The results demonstrated that insufficient knowledge and skills of employees is one of the main
hindrances to digitalization. Therefore, knowledge of the various I4.0 technologies is of essence. The
prioritization of technologies vary across the different countries, however there is a clear commonality
found around the data-based competences, such as big data analytics, data security, IoT, and cloud
computing. Another general tendency is that employees are expected to possess comptences within
several different technologies, In fact, multidisciplinarity is viewed as the enabler of implementing
integrated systems rather than isolated stand-alone solutions.

Conceptual and collaborative competences
In general, the results show that the digital mind-set and competence of employees and management
is also a point of attention for the companies. It is commonly agreed that digitalization of processes will
result in increased productivity, shortened supply cycle, and improved quality. It is highlighted that this
is highly dependent on the capabilities of the labour force. The labour force needs to be able not only to
operate new technologies, but also to utilize such technologies for creating new and improved
processes. Interdisciplinarity and communication of employees will also be the basis for a successful
and sustainable solutions of complex problems: even across different levels of qualification.
Whilst, the companies in general have come to this realization, it is also clear that a common pattern is
that the companies are also stating that they are struggling to stay up-to-date with the latest knowledge
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on new technologies. This is further underscored by an identified general need for new competences in
relation to all enabling technologies. The employee of the future should be able to:
−

Use, combine and reflect upon at least one set of tools and technologies in the company

−

Imagine, predict and relate the relation between these different tools and technologies, also out
of their primary domain
Describe the implications for the total company systems, both finance and IT
Identify where technology can improve operations or support innovation.

−
−

Strategic competences
In terms of strategic needs, the analysis identified that the most significant view on the value of I4.0 is
in relation to cost reductions on single operations. Improvement of existing processes is a secondary
focus, whereas innovation and creation of new potential is only a marginal focus. This result
demonstrates that the strategic understanding of the potential of I4.0 is still relatively immature. This
however further implies that future engineers working within the I4.0 domain must not only have
competencies within technology, but also business insight, in order to identify where the technology can
improve operations and support innovation. This is traditionally not incorporated into the majority of
engineering programs, and is thus potentially an area of interest to increase the utilization and benefit
of I4.0 technology.
A similar immaturity is seen in level of integration of I4.0 technologies across the internal and external
value chain. Here we find that most frequently I4.0 initiatives are stand-alone operations, and to some
degree integrated with other adjacent operations.
The companies pointed out that they consider integration of technologies as very important, however,
obtaining the data used for the management of different processes is extremely complicated and timeconsuming, because it is very difficult to get the machines of different manufacturers to communicate
with the information systems. Most of the companies considered resolving this problem as the biggest
challenge of the coming years.
It was also perceived that companies see a strong competitive advantage in using digital technologies
and in digitalization, and understand that from a longer perspective this is inevitable.

49

