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A Roadmap Regarding Milestones of Further Development 

in Digitalization 

 
1 Roadmap – The Development of Digitalization until 2035 

The 4th Industrial Revolution is part of a development process which is closely 

connected to the 3rd Industrial Revolution. Both, the 3rd and the 4th Industrial 

Revolution, primarily relate to Information and Communication Technology (ICT). In 

this context, the 3rd Industrial Revolution used ICT for automatic control of production 

machinery. The 4th Industrial Revolution takes this to a qualitatively new level which is 

characterized by the employment of Cyber-Physical-Systems (CPS). CPS are 

operating as smart systems encompassing electronic, mechanical, and optical 

components for processing and communication functions. They are embedded in 

communication networks and thus relate to the Internet of Things (cf. Hartmann / 

Bovenschulte 2013, p. 27). These technical constellations lead to the generation of a 

multitude of visions on the future communication of  

 technology with technology, 

 human being with technology, 

 technology, human being and technology 

and the impact on the world of work and all other aspects of our life. 

In order to achieve a comprehensive overview of the future changes and needs, a 

method is required that allows to figure out the technological and societal 

developments in a clearly structured way. Roadmapping is selected as this method.  

Roadmapping as applied here is a simplified version of the well-known theory of 

roadmapping (cf. Sarvari et al. 2018, p 95ff.) which allows to generate development 

perspectives for the future, starting with “today” in our case, and based on 

 a literature analysis, in which trends of key factors in future developments were 

identified and 

 the strategic potential of the developments was assessed and evaluated in 

several workshops together with experts for digitalization. 

 The following criteria were used for an assessment: 

 the implementation potential of technological developments,  

 the socio-economic factors (social conditions and impact, legal requirements), 

 economic effects and implications. 

 
The result of the process is a “Digitalization Roadmap” which should help to 

understand future movements based on 



 digital technology, 

 work and 

 social implications. 

The three categories are differentiated in a number of sub-categories within a 

timeframe from 2020 to 2035 (Figure 1). 

The roadmap is especially useful for a general “bird’s eye” view of the domain (e.g. 
Hartmann / Bovenschulte 2013). The presented type of roadmap offers a first 

orientation for future developments. Nevertheless more sources are required for 

decision making when it comes to the planning of shaping work, design and 

occupational profiles and curricula, the configuration of TVET institutions and the 

framework of support by the government.  

A roadmap can only provide some orientation and it is necessary to use other sources 

as well. A good example for this statement are the changes in the textile, clothing and 

footwear (TCF) sector in ASEAN countries. According to ILO (2016b, p. 12 / 8), the 

following changes are currently taking place: 

 Research increasingly shows that these disruptive technologies – predictive 

analytics, artificial intelligence, additive printing, the Internet of Things, 

nanotechnology, automation and robotics – are not only becoming better, but 

are also being combined (cf. Chang/Huynh 2016, p. 13 / 1). 

 Recently, researchers successfully prototyped smart clothes, or apparel 

enhanced with electronic and digital capabilities (e.g., smart shoes that provide 

health metrics and measure distances travelled). Moreover, advancements in 

nanoparticle research have introduced nanoparticle-infused clothes that are 

waterproof, stain-proof, UV protected and/or odorless. In addition, larger TCF 

brands are implementing more environmentally friendly manufacturing 

techniques to reduce the amount of water consumed, chemicals used and 

material waste produced. When the price point becomes favorable, an 

increasing number of consumers will demand these improved and sustainably 

manufactured goods en masse. Overall, these technologies present a different 

kind of challenge: a lack of skilled talent (cf. ILO 2016b) 

Prior to deciding on qualifications that should be imparted to workers, engineers and 

others in order to safeguard their employability, thorough surveys must be conducted. 

One of the key questions to be clarified is how qualifications for the future TCF and 

other relevant sectors should be imparted and which other employment chances are 

possible in the respective areas. 

 

 

 

 

 



 

Figure 1: Digitalization / Industry 4.0 Roadmap 

https://industrialinternetnow.com/ 

Quelle: https://industrialinternetnow.com, People, Safety & Productivity, The Future | 2019 

Quelle: https://industrialinternetnow.com,Data, People, The Future | 12.10.2016 
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1 Results of the Expert Workshop 
Within the framework of an expert workshop on continuing vocational training in relation to industry 

4.0 applications, various positions and concepts were presented and discussed by continuing 

vocational training experts. There was consensus among the participants on the great importance of 

continuing vocational training for maintaining and promoting the skilled workers' competence to act. 

The approaches presented by the participating experts differ with regard to the identified continuing 

training needs of skilled workers, learning content and forms of learning. The approaches are 

described below. 

1.1 Comprehensive course offerings of the continuing training provider 

The need for a specific further training offer for skilled workers geared to industry 4.0 applications 

was viewed with caution during the workshop.  

In order to create such an offer, reference was made to the need for the target group to fit precisely. 

Due to the still missing more exact knowledge over the qualification need of skilled workers and 

other specialists on the Shop Floor, this step was classified for the moment as very difficult to 

redeem. 

The current training offer, which is aimed at managers in production and is organised in the form of 

open seminars, has since been supplemented by individual events on Industry 4.0 and by 

corresponding references to existing offers. The content of these additional offerings refers to the 

transfer of basic knowledge and principles of industry 4.0 and digitization and is dedicated, for 

example, to the topics of data security and data protection within the framework of the industry 4.0 

concept. 

1.1.1 Superordinate, multifunctional offer of an engineering service provider 

The offer of an engineering service provider includes a topic-specific offer of open seminars as well as 

the development and implementation of company-specific qualification programs. The identified 

qualification needs of skilled workers in the context of industry 4.0 applications result from the 

"intersections" of industry 4.0-specific technology fields and functional areas. The technology fields 

are understood as a grouping of technologies for the realization of industry 4.0 applications. These 

include, for example, "cyber-physical systems", "manufacturing technologies", "digital engineering" 

or "smart capability". Functional areas are understood to be the differentiations of industry 4.0 

applications based on the benefit and support of the user. These are therefore different usage 

aspects of industry 4.0 solutions in practice. Examples are "data acquisition and processing", 

"networking and integration" or "assistance systems". 

On the basis of the further training program of the service provider interested participants can 

announce themselves to the offered meetings. These open seminars are held in the seminar rooms 

or training laboratories at the training provider's locations. The events last from one to three days 

and are divided into a theoretical and a practical phase. Participants receive a certificate of 

attendance; the awarding of a certificate upon successful participation is discussed. According to 

information provided by the training expert presenting the project, training events are currently 

mainly held to impart basic knowledge on industry 4.0 topics. 

The approach of developing a company-specific qualification concept envisages that an industrial 

company approaches an engineering service provider in order to use its service for employee 

qualification. In this case, the engineering service provider develops a further training programme 

that is tailored to the development perspective of the inquiring company.  



 

The following criteria are guiding here: 

- the desired degree of diffusion of industry 4.0 in the company, 

- Job Cluster: Identification of jobs affected by change in a comparable way, 

- Identification of learning content: Identification of learning content for industry 4.0, 

- Learning objectives: Identification of the level of learning objectives to be achieved by the learners, 

- Observance of the framework, such as the number of employees. 

This results in tailor-made competence development programmes for the identified job clusters. For 

example, for the "Werker Montage" job cluster, the subject area "Augmented Reality" is offered with 

the learning content "Assistance Systems" and the taxonomy level "Reproduction" in a target and 

addressee oriented form of learning (such as face-to-face events or e-learning). 

According to the information provided by the service provider, large companies in particular are 

interested in such further training programmes. In addition, internal considerations are being made 

in order to increase the attractiveness of this offer for small and medium-sized enterprises. 

1.1.2 Workplace-related continuing training concept of a service provider in the field of technical 

education 

This further training approach involves company-specific further training measures aimed at the 

precise and appropriate qualification of skilled workers in production. The concept has so far been 

implemented in the form of a pilot project at the site of a large company. The concrete further 

training needs of the company's employees are derived from the workplace-specific requirements 

faced by the skilled workers. In a so-called learning factory, this work process-oriented form of 

further training is carried out in close proximity to the learners' workplaces. Learning factories in the 

sense presented here are therefore a concept which not only aims at the spatial proximity of a 

central training environment to the learners' workplaces, but also at a fusion of work and learning 

content. A further training expert summarizes the purpose of the further training activities in the 

learning factory as follows: "We are not talking here about the development of certain valves, it does 

not matter here. Here it is only a question of learning to deal with such networked systems, cyber-

physical systems" (continuing education expert). This is achieved through practice-oriented short 

training courses in a realistic learning environment. These include working and learning on a 

didactically reduced model of the actual production plant, which is located in the immediate vicinity. 

Afterwards it is possible to depict real process flows and to design teaching and learning processes 

oriented to professional work tasks. In contrast to learning in the work process, the learning factory 

concept creates a (temporal) space that enables learners to actively deal with vocational work tasks, 

work / production resources, system structures and manufacturing processes, to apply and learn 

knowledge and skills in a didactically and methodologically designed environment. This means that 

when planning the learning modules, a high proportion of practical work is important in order to 

correspond to the learning and working habits of the participants. In particular, the acquisition of 

practical and application-oriented knowledge through experience-based learning is a priority, so that 

the immediate usability of the learning results in the everyday work of the learners can be ensured. 

The learning modules can be used according to the needs of the employees and have a duration of 

30 to 120 minutes, in exceptional cases up to two days. The basic idea of these flexible, compact 

learning units is that the focus is not on participation, but on the acquisition of skills by employees, 

and that this should be ensured. Currently, eight modules are offered; 40 to 45 modules are planned. 



The teaching staff is recruited from company executives who have undergone "Train the Trainer" 

further training. 

1.2 Current status of company solutions for continuing vocational training with reference to industry 

4.0 

Based on the case study and expert interviews, there was no clear picture of what is being done in 

companies to prepare employees for Industry 4.0. Traditional measures such as these were 

mentioned:  

- When purchasing a new machine or system, employees and experts are sent to the manufacturer 

for product training. 

- New employees are instructed by colleagues directly at the workplace in machines / plants and 

their operation. 

- Teams (engineers, skilled workers, quality inspectors ...) exchange know-how in order to qualify 

experts. 

For this reason, in the second round of experts, the question was asked once again as to which 

further training activities take place in the companies of the workshop participants. The result is 

presented below. This is a selective recording of activities: 

Diverse in-house training measures 

- project-related training for the introduction of new systems / plants, 

- Digitization of training materials, 

- e-learning for products, work processes and occupational safety, 

- methodical training (problem solving techniques, presentation creation, etc.), 

- internal lectures by experts in production control on the uniform data hub and on the analysis of 

production data, 

- specialist further training for  

- Automation, 

- Control technology (e.g. controls from Siemens, Bosch, Fanuc ...), 

- Drive technology, 

- CAD trainings, 

- Learning with e-learning modules, 

- Machine training for new machines 

- Technology training courses, 

- Exchange of experience on company-specific problem areas, 

- Training in software usage, system networking and machine connection, 

- Training in warehouse logistics, product development, ERP systems, 

- Component- or manufacturer-specific training (operation, maintenance ...), 



- tool-related training (software, bus systems, systems ...).  

Measures at the workplace and / or in the work process 

- On-the-job training, 

- Sponsorships with experienced employees, 

- mixed-age teams, 

- Mentoring, 

- Job rotation, 

- Learning in new projects with automation systems, 

- Introduction to the robot application, 

- Use of tablets, wikis etc.,  

- Cross-departmental transfer: From skilled worker in production to IT specialist in the IT department 

(learning in transfer offices, learning from suppliers, exchange of knowledge beyond the plant, use of 

Internet), 

- IT learning cells in the assembly - Reproduction of an assembly line with all the  

Networking from the sensor to the mainframe computer, 

- Accompanying change, (self-)leadership in change. 

Comprehensive further training measures 

- case-related training, 

- Further training of master trainers on products / control systems, 

- Trade fair visits, 

- Training in project management (digital & virtual), 

- Webinar activities on topic-specific changes, 

- Intranet training on new software systems, 

- Key user training, 

- informal learning, 

- Leading virtual teams, 

- Use creativity techniques, 

- statistical surveys, analyses and interpretations, 

- Take "fear" away - appreciation of employees - qualification of older employees - change processes 

in the company (not technology related), 

- Basics for IT systems, social media, tablet & smartphone use, 

- Basics in electrical engineering, PLC, pneumatics, e-pneumatics, robotics, sensor technology, etc. 



The number of training focuses mentioned is very high. They play a role in implementation in 

companies in different forms and are the subject of different qualification measures. In most cases 

these are instructions at the workplace. In other words, traditional approaches to continuing training 

still dominate. 

The continuing training activities identified can be divided into four "main strands":   

Product-related further training to master a certain machine / plant, a certain tool or technology. 

Statement in one case: 

"A company specialist trains colleagues so that they know the systems to be operated very well and 

can ensure that they run without interruption. In other words, they must also be able to detect 

program corrections. Plant networking plays a major role, as does access to machines using laptops 

and software" (Case E). (Case E) 

Further training in IT technology, bus systems, networking technology and in the design and 

optimisation of processes with the aid of software technologies. 

Statement in one case: 

"In island production, too, the networking of systems continues to increase, employees are playing 

an increasingly supervisory role, machine utilization and quality are becoming increasingly decisive. 

Employees are being trained with regard to IT support as part of the new setup of the production 

islands" (Case E). (Case E) 

Training to develop overarching competencies, which include leadership competencies, in order to 

give particularly qualified employees the opportunity to perform leadership tasks. 

Statement in one case: 

"After training, the passing on of knowledge is of decisive importance. Employees often attend a 

manufacturer training course or are trained by the fitters (manufacturer companies) ("learning by 

watching") and pass on the knowledge to other employees. With a new machine there is always a 

manufacturer training. One person is trained as an expert and passes this knowledge on to specialists 

in process optimization, plant operators, jumpers or shift supervisors." (Case C) (Case C) 

Qualification for plant maintenance, process control and process design in order to optimize plants 

and ensure that the error frequency is reduced. 

Statement of an expert: 

"Learning in the process of work seems to be particularly target-oriented in the industry 4.0 context, 

as the data generated here is used directly in the process and its effects and interrelations can thus 

be clearly presented. Learning games and learning simulations can also be considered as possibilities 

(here, too, the advantage lies in the use of data from the respective systems). It is important here 

that 'real' learning is promoted and not just the execution of work instructions without one's own 

competences". (E 8) 

The group has three focal points for tasks which are of importance for the various working levels of 

the skilled workers on the shop floor and which have references to the implementation of Industry 

4.0. In one of the focal points, the term "higher-level competences" is used. The following definition 

of fields of action takes the individual focal points into account in different ways. 

1.3 Fields of action for continuing vocational training 



The fields of action for continuing training generated by the surveys concentrate on 

- Further training in IT technology, bus systems, networking technology and the design and 

optimisation of processes with the aid of software technologies, 

- Machines, installations and tools and  

- Processes, process reliability and disruptions. 

The development of higher-level competencies will not be considered any further at this point, 

because the training providers already have extensive offers on the market for this purpose. 

With the three focal points mentioned, a contribution is to be made to closing the gap that training 

providers have demonstrably with regard to the concrete content of Industry 4.0. The fields of action 

formulated below are to be understood as recommendations for reviewing existing programmes and 

changing them if necessary. 

Selected fields of action 

Mastering IT systems in production depending on the situation 

Behind IT systems are hidden router configurations, firewall technology, error identification with the 

help of software, address assignment of CPS components and their integration into the MES system. 

Employees must be able to evaluate the working methods, the susceptibility to errors and the weak 

points of individual IT system components within production and in connection with the other 

processes of the value chain in order to draw the right conclusions in the event of malfunctions and 

to eliminate the malfunctions in a targeted manner. Plant operation must not be disturbed in the 

process. 

- Target perspective: depending on the situation, eliminate IT disruptions in production 

Monitor and control networked systems 

Digitalized plant networking is playing an increasingly important role in production in companies. 

Employees must be able to control networked systems in such a way that process reliability is 

guaranteed.  

To ensure this, competencies must be built up in the control of plant controls, the control of network 

technology for networking machines, the handling of data to guarantee data security, data 

protection, WLAN networks, professional buses and IT technology. 

- Target perspective: Ensuring process sequences 

Troubleshooting and fault rectification 

Skilled workers must be able to apply standardized diagnostic procedures and develop individual 

search strategies to diagnose malfunctions in technically complex systems. Fault diagnosis refers to 

mechanical, hydraulic, pneumatic, electrical/electronic and software components of networked 

systems. This requires the cognitive penetration of an observed system on the level of the technical 

architecture as well as on the level of the logical architecture. This means that diagnostic work 

requires not only knowledge about the physical connections of the system elements and about the 

data flows occurring in the system, but also the ability to access such structures. These prerequisites 

enable the acting specialist to interpret directly perceptible information (e.g. noise qualities of 

systems) as well as technically conveyed information (e.g. fault messages or actual values), to 

uncover causal relationships between events and to identify the causes of faults. On this basis, 

measures for the proper restoration of the target condition shall be determined. 



- Target perspective: Diagnosis, troubleshooting of the networked systems 

Making Program-specific Modifications 

Due to digital networking, industry 4.0 requires the programming of plants, machines, their 

components and process sequences. This requires a variety of programming tasks, for which persons 

must be qualified. Production specialists who have not acquired any programming skills during their 

initial vocational training should acquire a basic understanding of programming in order to be able to 

support the programming specialists when it comes to programming plant-specific features. It is 

therefore necessary to develop plant-related overview knowledge for robot programming, object-

oriented programming and, for example, for Java programming. The focus must be on developing an 

understanding of program structures related to systems. 

process control 

Companies working on the implementation of Industry 4.0 are dominated by the idea that "process 

controllers" should be qualified. In order to develop the necessary skills, initial training in metal and / 

or electrical engineering is seen as a prerequisite, followed by several years of work in plant 

operation. In addition to their experience in plant operation, however, it is important that such 

persons develop further in the following areas of competence: 

- Problem solving, 

- Understanding of integrated systems and their interconnections (from your own company, but also 

from external systems), 

- Linking of different system controls, 

- to think and work across disciplines, 

- Getting involved in new tasks, 

- learn to master processes, 

- have the necessary professional qualifications, 

- Application of IT technology as a tool." (E 3) 

Even more far-reaching was named: 

- Necessity to completely think through the processes, 

- Use of the cloud, integration of various machine data / manufacturer data, 

- Third hand' will gain importance in the industrial context (e.g. lightweight robots), 

- Maintenance, monitoring, care of drive technology, 

- Consideration of the entire value chain,  

- data as raw material', use it and attach more importance to it,  

- to let in the delimitation of space and time, 

- Digitisation must be designed - nobody must be left behind." (Case F) 

Such focal points must be the subject of further training content. 

- Target perspective: mastering multifunctional plant operation 



Analyzing abstract relationships in plants and eliminating malfunctions 

It's about recognizing the problems. If it can be seen that the material feed is blocked, the next batch 

of material can be taken and produced further. It is important to first understand that in such cases 

there is no defect in the machine, but in the connection of the data - or in the disconnection. This 

requires a major rethink for employees who are used to looking for the defect in the machine and 

not in the logic of how things belong together. 

The most important thing is to master the various combinations of software, to read displays, to 

check where a sensor does not work and to correct such a fault. Mechanics are important in second 

place. Good skilled workers are necessary for this. As a rule, these are people who are particularly 

committed, who are constantly learning new things and dealing with plant operation, and who 

ultimately know all the details of a plant sequence.  

- Target perspective: Analyze the internal function of a plant and ensure the operation. 

Use of assistance systems in maintenance 

Skilled workers increasingly have to work with assistance systems in production. These support the 

systematic exchange of information between plant manufacturers, operators and maintenance 

personnel. The assistance systems (service apps, portals, etc.) must be firmly embedded in the work 

process and the organization must be coordinated accordingly. This is the only way for the skilled 

worker to deal with problem cases within the work process and ensure the exchange of knowledge. 

Plant and machine statuses can be queried on the move and displayed in virtualized form (with the 

help of augmented reality, for example). This also includes the increased integration of online 

monitoring systems within automation technology. The challenge for the design of assistance 

systems is to involve skilled workers as users in the design of the technologies.  

- Target perspective: The use and co-design of assistance systems in the work process 

1.4 Implementation concepts for the fields of action 

There is consensus that the progressive automation and networking of systems leads to changes in 

the world of work and places new or higher demands on the qualifications of skilled workers (cf. 

Chapter 5). As a result of the convergence of industrial manufacturing processes and information and 

communication technologies within the framework of Industry 4.0, a shift in the work activities of 

skilled workers towards informational forms of work can be assumed, which above all demand the 

cognitive abilities of the working person. In order to do justice to the rapid technical change 

processes and the associated knowledge dynamics not only under current impressions, but also in 

the future, formal continuing vocational training concepts only appear suitable in certain cases in 

order to cover the specific learning needs of the target and addressee precisely. This explains the 

importance of non-formal and informal learning, which is characterised by its proximity to work 

practice. Afterwards, the workplace or the company becomes more important as a place of learning 

in order to be able to respond to changes in the workplace. Even if there is talk, for example, of 

"learning in the work process" or "workplace-related learning" in this context, the development of 

vocational action competence cannot take place exclusively on the basis of confrontation with work 

reality. Rather, suitable framework conditions are needed to enable learning processes in the 

workplace. As a consequence, the workplaces of skilled workers must be put to the test with regard 

to their learning and competence-promoting design. 

Whether the self-organised learning of skilled workers in the work process alone can lead to 

personality development in order to be able to meet the job-specific requirements resulting from 

industry 4.0 applications cannot be conclusively answered on the basis of current knowledge. This 



requires deeper insights into the changed competence requirements. However, the activities of the 

players in continuing vocational education and training described above suggest a tendency to 

support skilled workers with organised and structured training programmes in order to promote the 

development of their decision-making skills. 

The fields of action described above, which describe the competence requirements of the shop floor, 

are intended to make it easier for providers to draw up continuing training concepts that focus on 

industry 4.0 and the domains relevant to it.  

The following implementation approaches will be considered because they make it possible to link 

continuing training directly to work tasks and work processes. 

1.4.1 Combination of formal and informal forms of learning 

This is a combination of conventional face-to-face courses, which take place in the central training 

facilities of the continuing training providers or in corresponding company premises, and informal 

forms of learning in the environment of the workplace. The advantages of formal forms of learning 

lie above all in the ability to plan and the didactic-professional support of the learners. The learning 

content can be defined independently of the company conditions, learning outcomes are not a 

"casual" product of work practices and learning processes are not subject to the dominance of 

company work processes. However, formal training measures reach their limits due to the diversity 

of the systems used in companies. Training content is thus subject to the didactic principle of 

exemplification, whereby a profound understanding of a system can be built up, but possibly only a 

small circle of participants is reached. Accordingly, it can be assumed that the offer of vocational 

training providers is predominantly limited to the teaching of theoretical knowledge, without being 

able to go into the characteristics of the different systems in detail. One way of didactically linking 

the forms and places of learning with one another is, for example, blended learning concepts. Thus, 

despite the learning location being far from the workplace, a stronger orientation of the learning 

content towards the needs of the learners can be achieved and the learning and development 

potential of the company and work reality can be used. 

1.4.2 Mobile learning islands 

According to Dehnbostel, so-called learning islands in the conventional sense are characterised by 

the linking of the existing work infrastructure with a learning infrastructure, so that the processing of 

real work orders and qualification takes place. Accordingly, learning islands are a qualification and 

form of learning in the middle of work: "In the learning island, real work tasks are largely carried out 

independently in group work, whereby the work tasks are the same as those carried out in the 

learning island environment".  These are internal qualification measures which are primarily aimed at 

methodological and social aspects of vocational action competence. The idea of a flexible learning 

island picks up on these central features, with a stronger orientation towards the requirements of 

informational work. The addition "mobile" refers to the spatial and temporally independent use of 

the learning island in the sense of mobile learning within the company. The central learning and 

working tool of the learning / working team, which is composed of specialists and engineers, is a 

mobile application that can be used to deal with current problems in the working world and to reflect 

on problem solutions. This enables the documentation of malfunctions and the processing of 

learning tasks and a risk-free trial and error. There should be a connection to the given plant 

infrastructure in order to be able to work with the real process data. In this sense, learning takes 

place as a social and communicative process. The learning outcome is the result of a process of joint 

negotiation between the participants. New media such as tablet PCs are ideal for this purpose. 

Augmented reality concepts, i.e. the enrichment of the real environment with information in order to 



make process flows transparent for learners, should also be considered as a supporting learning 

application. 

The concept of the "mobile learning island" is to be understood as a supplementary measure and 

aims above all at the promotion of control, steering and system knowledge as well as at the 

methodical and social competences of the learners. 

1.4.3 Learning factories 

A learning factory offers the possibility of a realistic or didactically reduced representation of 

manufacturing processes in a learning environment. Learning factories serve to impart the 

knowledge and skills required to cope with work tasks. Because they are not only close to the 

learners' workplaces, teaching-learning arrangements in learning factories have the potential to close 

the gap between basic theoretical knowledge and practical experience and to enable learners to act 

competently at work. In many respects, learning factories offer advantages over events in external 

educational institutions. These include in particular the pronounced practical relevance, the flexible 

feasibility of learning modules and the relatively short learning times in the learning factory. The 

flexible investment costs and the possibility of integration into existing infrastructures are likely to be 

of critical importance. The realisation of learning factories therefore appears to be a given only for 

large enterprises and should ideally be taken into account when planning a new business location. 

1.4.4 Certificates and training documents 

A certificate is a written confirmation of learning success. According to Nuissl, the prospect of being 

able to obtain a certificate not only influences the learning motivation of the training participants, 

but also enables the individual to better orient himself within existing learning opportunities. In this 

respect, the reference to a certificate as proof of further training for employees in the companies can 

have a supporting function for the decision to take part in external further training courses. It can be 

assumed that this is particularly important in a phase of existing uncertainty about future 

competence requirements. In addition, the certificate holder can be used more precisely, since 

certificates provide information about the person's authorizations and what services can be expected 

from the person at a particular workplace. With the advent of digitalisation in industrial 

manufacturing processes, questions relating to data security are linked and corresponding concepts 

are required. Certificates offer an opportunity for companies to determine whether an employee is 

already qualified for such questions.  

The certificate discussion also focuses on the question of how competencies acquired through non-

formal and informal learning processes can be certified.  The answer to this question becomes more 

relevant if - as shown above - these forms of learning are ascribed a "key function" in order to meet 

the challenges of a rapidly changing working environment. 
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teach In
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oftware-controlled

modularization = more possibilities
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for the field level
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Technology

app Store for machine tools

too rigid

production 

systems

individual production 

lines in the direction 

of Industry 4.0 via SAP

identify components by

barcode

RFID

QR-Code

databases

clouds

software images

for support

Work

education

no basic education

implementation of 

a technical-social

project with customer 

order for ...

make own decisions

creative design

active engagement 

with the objective

networking commercial and

industrial-technical occupations

speak a common language 

at the professional level

understand the problems 

of others

discover the "WE are"

abandonment rate: 0%

training

no new jobs required

processes barely to overlook

Social Implications

personality

instead of grades

"Big Five"
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conscientiousness
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integrity

emotional stability

social media for:

cooperation

collaboration

agreement in teams

rationalization

 is no longer 

in production

by administrative staff
offer in 0.5 days

instead of four

operators do not have toto be present

roduction around the clock

valuate data intuitively

bring together engineers 

and operators

shared cultural understanding

change in leadership culture

no clear structures anymore

temporary working groups
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Work

smart

production

maintenance

technology

communication

digital skills

use of software

retrieval of data

mainly older employees

process understanding required

3D programming courses

Social Implications

engineers are increasingly 

replacing technicians

training of technicians 

for leadership roles

proportion of academics

 is increasing

executives training

work preparation 

becomes more important

decoupling of 

human-machine

multi-machine handling

pure feeding of 

machines is eliminated

skilled workers

operate several machines

 take responsibility

think along 

(is required)

have innovation 

potential

support software design 

higher flexibility

Technology

4.0 categories

robotics-human 

relationship

robot without 

cage (CPS)

Big data analysis

3D models

linking systems 

interfaces

machines

more and more 

complex

simulations to 

prevent crash

user-friendly interface 

design (Software)
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Technology

touchscreen

symbolism on the phone

 and on industrial controls 

are often the same

convergence of surfaces

- tiles, buttons, etc. -

networking the machines with one another

SAP - order control

Cyber Physical components

E-Learning training "sales"

Industry 4.0 

in production 

consists of:

the process level (s) (goods receipt, 

goods transport, production run)

the basic technologies,

networking and communication structures,

the data acquisition and processing,

the people in the process and

the framework conditions
Work

lean production

optimization of 

the value chain

"feeling" for software

tends to have rather 

younger employees

digital audit

creating workplaces 

intelligently

work instruction by film

Social Implications

change at the shopfloor level

has always been there

qualified skilled workers 

are necessary

skilled workers, technicians, 

technicians support

Implementation of Industry 4.0

Trend towards academization 

is recognizable

Freed-up specialists

are kept in the company

supported by 

further education

Internal candidatures

Apprentices learn directly

in production
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Work

skilled workers 

in general

adjusters have a sense

for the machine

repair

skilled workers 

give information 

about a damage

master the software

read display content

and understand

find mistakes

mechanics secondary

process engineers
specialists

optimizer

less simple activities

recognize problems

software training

use of engineers

logical error analysis

apprentices learn 

about customer 

orders in the 

work process

plan

simulate

mmanufacture

In the concept 

called "workshop 

in the workshop",

comes a real order 

from a customer

the entire manufacturing 

process must be planned,

the cost accounting 

has to be carried out,

the order has to be settled

 with the customer,

has to be produced and 

in the end ...

there is a quality feedback.

dealing with new media

linking mechanics with IT

Technology

adhesive and joining techniques

PCB layer technology

injection-moulding combination 

technique, printed circuit boards 

are injected into the housings

optimization of production system

smaller quantities

low stock levels

quick changeover of the machine

traceability

powerful computing systems

highly flexible software

plausibility checks

detection mechanisms

standardization of the plants

paperless factory

Social Implications

engagement

learning readiness

interest in details

technical competence

number of unskilled workers 

becomes less (75%)

the number of skilled 

workers is no less

ability to work in a team

engineers and skilled 

workers in one team

communication

social skills

Take leadership role
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Social Implications

machine 

operator

are still needed

changed 

requirements

operate several plants

ensure process flow

bring in innovations

skilled 

workers

process optimizer

process responsibility

springer in production

are not replaced by engineers

passing on experiences

higher automation requires 

higher qualification

ability to work in a team

motivated

problem solver

selection of 

the best

motivation

behavior

professional competence

Technology

control systems

data storage on chip, 

100% traceability

camera systems in final inspection, 

16 cameras

material tool orders via SAP

robot teaching and retracting

information systems technology

data security

data exchange

networking

Internet

Work

relevant 

knowledge

materials

information 

technology topics

function of machines

system monitoring

networking of processes

process safety

fixes programs 

(Software)

computer and software

oversee work steps

monitoring of processes on 

screen, react if necessary

documentation

job specific 

knowledge

robotics

digital technology

control technology

content electrician up 

to the certificate

programming systems

 island 

production

multi-machine operation

upload / change programs

performing trial runs

conversion of machinery 

and plants

learning by Doing
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Work

important content 

for every company

intelligent organization and control of the entire

 value chain over the life cycle of the products.

flexible networking of people, machines and products.

application and use of networked equipment, products, etc.

affected 

competences

information 

technology

Cloud Computing

databases

infrastructure and 

connection technology

IS/TS and Security

server and storage technologies

network Protocols / IP addressing

network technology

virtualization

software development

application development

media 

competence

Lean Management

media competence

project management

process management

self-regulated learning

self-management

systematic thinking

systemic thinking

knowledge management

electric / METR

embedded system

identification systems

sensors / actuators

robotics

business 

administration

Data Analytics

Business Model 

development & planning

mechanical 

engineering

PLM Software 

product lifecycle management

additive manufacturing

reverse engineering

Technology

Social Implications
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Social Implications

ensuring the sustainability of every 

employee in the company

human being in the center of the 

digital factory

ommunication & agreements

with colleagues

constant suggestions for 

improvement

horizontal and vertical 

communication

cooperation with machine 

installers and planners

gain experience in the process

self-determined learning

releasing the innovative 

power of trainees

less unskilled,

more skilled workers

Technology

PLM Product 

         Lifecycle 

         Management

more and more 3D data

clear identification of the 

products

all data can be recorded in 

the process

3 terabytes of data per quarter

each part can be followed 

live at the terminals
intuitive data visualization

big data so manageable

each product, semi-finished products, 

consumables is uniquely defined

plant control via Profibus

SPC Statistical Process Control

camera monitoring of the processes

use of new control portals and control software

support systems for fault isolation

with data are becoming more important

self-optimization of the systems (AI?)

Work

production of the highest quality

production increased sixfold with 

almost the same number of employees

pronounced understanding for quality

skilled worker know-how used for 

reprocessing logs and for data preparation

autonomous maintenance by employees on site

smaller, more filigree components

ever faster running production equipment

more complex components

read schematics (40-50 pages)

knowledge in 3-D programming necessary

optimization of the plants

IT-experts are not so interesting 

because no process experience

object oriented programing

know and use cloud solutions

easier knowledge of data analytics

be aware of concepts of 

computer configuration

dealing with statistical methods 

of quality assurance

understanding of communication networks

to open up complex systems

interdisciplinary skills as a matter of course
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Technology

Robotic Outlook

collaborative robotics concepts

mobile robotics concepts,

condition based monitoring,

real-time computing use

machine learning

mobile robots for transport

sensitive Robotic

machines monitor themselves
pressures

cutting forces

I 4.0 brings increased productivity

data collection provides other factors for analysis

Big Data

Augmented Reality

virtual Commissioning

Work

human-machine work together

facilities are built by the team

Employees  must master 

production processes

Employees must be able to 

position extremely accurately

Employees have to comply with 

dimensional specifications very precisely

object oriented programing
Java

C Programming

develop concepts for safety

sensitive Robotic means for employees

skilled workers must be able to determine 

process parameters

skilled workers need to feel which process 

parameters must and can be adapted,

processes are documented via measuring 

instruments (oscilloscope) - pressure, forces ..., 

data for processes are diverse, must be analyzed,

data must be documented

technicians need to be able to analyze and 

optimize all data,

data collection programs are created by 

BA- / MA-graduates,

computer scientists usually do not optimize 

processes, that is always left to the technicians

in the engineering process, however, all facts 

are defined.

skilled workers evaluate data

remote maintenance

virtual project meetings

Social Implications

the human is the center of attention,

intelligent systems support him

teamwork

teams have experience,

are engaged

fewer workers (semi-skilled)

workers equip machines

technicians are team leaders, have pesonal 

and cost center responsibilities

more skilled workers, engineers, academics

skilled workers

experience as a 

problem solver

supervisor of 

production facilities

experience and commit-

ment belong together

the development is done by engineers

in sum, I 4.0 will not mean any reduction in MA

can independently carry out 

project-related tasks

Autonomy

Responsibility

flexibility

openness

increased travel activity

communities develop software,

that means: external developers
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AUTO 4.0 
Test of Technology Roadmap 

GREAT BRITAIN 

  





Basic Data of the area 

The area has  

• 6 major vehicle manufacturers; including Jaguar Land Rover, Bentley Motors, Vauxhall, 
Leyland Trucks 

• 5 niche vehicle manufacturers 

• Over 20 global top 100 automotive T1s 

• Specialist SMEs linked to commercial vehicles, engines & textile legacy 

 

 

Description of the area for automotive manufacturing 

The map below shows the Manufacturing Output, employment and exports for EU by region.  

The NAA covers the regions of The North west and Yorkshire and Humber. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The North West is still the largest region for manufacturing within the UK, similarly if you 

combine the figures and look at the NAA area of NW and Yorkshire and Humber it is greater 

than the East & West Midlands combined and when you add in the NE it is clear that the 

Northern Powerhouse is the largest sub-national region for manufacturing within the UK. 

When looking at GVA the NW is second in the country. 

 

 

 



The size of the automotive sector across the UK is significant, adding £18.6 billion in value to 

the UK economy, turning over £82 billion and investing £3.3 billion in net capital.  £44 billion 

of automotive goods were exported, accounting for 14.4% of the UK’s total export goods.  

There is a significant demand for specialist skills to service this industry (see figures below), 

and there is a forecast of 20,000 new jobs to be created in the sector by 2030.  A large 

portion of these new jobs will include a demand for digital skills. 

 

 
In order to sustain the automotive industry in the UK, and meet the new opportunities and 

challenges brought by electrification and autonomous vehicles, there is a need for UK 

manufacturers to increase their productivity, have a greater flexibility and reduce their times 

to market.  The adoption of digital technologies is key to meeting these challenges. 

 

The digital revolution of the automotive industry is already underway, and below you can see 

some of the benefits that Vehicle manufacturers and its supply chain are realising; 

 

 
 

 

Digitalisation applications often involve the creation of a “digital twin” of a physical product, 
manufacturing process, factory or supply chain. Once the digital twin is created it can be 

analysed for many purposes. Changes can be made easily in digital form allowing for the 

simulation of different scenarios. 

 



Ultimately these scenarios can help in a multitude of applications that span the value chain 

to: 

1. Design production lines more quickly and with greater certainty through the use of 

virtual reality and analytics to optimise the flow of materials and movable assets; 

2. Better execution of new vehicle model launches through the use of sensors and 

exchange of product development and pre-production data; 

3. Optimise throughput in a factory by creating a digital twin and then simulating 

alternative production processes and techniques in alternative scenarios to better 

plan production and remove bottlenecks; 

4. Eliminate defects through the use of connected sensors and in-vehicle diagnostics to 

better understand the factors leading to component failures leading to faster root-

cause identification; 

5. Better plan plant maintenance through the use of sensors on machinery and 

algorithms to predict future usage, substantially reducing unplanned machine 

downtime; 

6. To reschedule production and automatically communicate changed production plans 

to suppliers in response to crises such as a major logistics disruption or supplier 

failure; 

7. Reduce inventories and lead times through track-and-trace inbound supplies which 

give real-time estimated times of arrival. 

 

 
 

In a report carried out by KPMG in 2016 on the UK automotive sector, some of the following 

digital support roles were seen as key roles that will be required in the future; 

 

• Digital scientists – responsible for designing digital models of physical systems – 

requires advanced mathematical capabilities to develop algorithms to translate the 

real world into digital form; 

• Digital engineers – responsible for implementing the digital models created by the 

digital scientists – requires familiarity with coding and advanced robotics; 

• Digital architects – responsible for holding, sharing and managing data assets. 

Supports comparability of data formats within the organisation and its supply chain; 

• Development Operations – responsible for creating the company’s digital 
infrastructure such as cloud, virtualisation and automating interfaces with ERP; 

• Cyber Security engineers – responsible for ensuring digital trust is established. 



National Assets located in the area 

 

AMRC 

The University of Sheffield Advanced Manufacturing Research Centre with Boeing helps 

manufacturers of any size to become more competitive by introducing advanced techniques, 

technologies and processes.  Their 11 core capabilities include 

• Machining 

• Integrated Manufacturing 

• Composites 

• Castings 

• Design & prototyping 

• Additive Manufacturing 

• Virtual Reality 

 

The success of AMRC is renown across the country and outposts are spreading to North 

Wales, Scotland and Lancashire. Recently McLaren have chosen this location to build their 

composite tub factory. 

 

The AMRC have recently set up another centre at Preston in the North West, which has a 

large focus on digitisation and the development of a ‘Smart Factory’.  It also has a dedicated 
automotive workstream, where they have invested in the UK’s first high precision wire 
bonder in order to carry out research and development of battery pack assembly. 

 

Sensor City 

Sensor City is a collaboration between the University of Liverpool and Liverpool John Moores 

University and is a flagship University Enterprise Zone. 

It enables industry and academic partners in a range of sectors to translate their innovative 

sensor concepts into commercially viable solutions. 

From their purpose-built base in Liverpool we offer existing companies and budding 

entrepreneurs the technical expertise, business support and international platform needed 

to collaborate, fund and promote sensor solutions to a global market. 

They are working intelligently, creatively and collaboratively to develop a connected sensor 

community and are making Liverpool a global hub for sensor technologies. 

 

Virtual Engineering Centre 

The University of Liverpool’s Virtual Engineering Centre is based at Daresbury on the 
same campus as the STFC high speed computer, the most powerful in the UK, and 

SciTech Daresbury has already been supporting the automotive industry but are 

capable of much more. 

 



 

 

 

Graphene Centre  

The University of Manchester’s Graphene Engineering and Innovation Centre is a new 
venture, opened in 2018.  It is an international research and technology facility, that 

provides an unrivalled critical mass of graphene expertise. It reinforces Manchester's 

position as a globally leading knowledge-base in graphene research and 

commercialisation. 

 

Hartree Centre 

The Hartree Centre was established in 2012 to help businesses boost productivity by 

taking advantage of advanced digital technologies including supercomputing, data 

analytics, Internet of Things (IoT), artificial intelligence (AI), virtual modelling, 

simulation and more.  

The Hartree Centre supports companies through its advanced digital technologies, 

expertise and available funding opportunities, enabling them to progress on their 

digital journey.  

 

 

 

 

 

  



Where we are? Implementation of industry 4.0 in the sector in the region. 

This report’s findings are based on the responses from a Cluster focus group.  
The participants included 

• OEM 

• Tier 1 

• Tier 2 

• Research and Innovation Specialist 

• Further Education provider 

 

The report also includes the results of a number of questionnaires that were completed with 

NAA members during their annual 121 company review.  These meetings were held with 

• OEM 

• Tier 1 

• Tier 2 

• Tier 3 

• Industry 4.0 Specialist 

 

Assessment of current technologies in the sector (what technologies are used? How 

new they are? In which processes are these technologies used? Existing limitations? 

Current Technologies 

• Simulation  

• Design & Manufacturing programmes 

• Adams 

• DeForm 

• CAD 

 

Existing Limitations 

• System integration 

• Augmented Reality 

• Big Data analysis 

• Automated finance systems 

 

 

Identification of technologies not currently used but considered important for the 

future. Which opportunities exist? What benefits could they bring? Why they are not 

used yet? What would be necessary to implement them in the sector? 

 

Technology considered important for the future 

• Augmented reality 

• Additive manufacturing 

• Cloud computing 

• Process data transfer 

• Inhibitors preventing the new technologies  

• Lack of clear vision 

• Finding the right partners for development 

• Issues around IP 



• Workforce development 

• Funding 

• The right external support 

• Old School Thinking 

• Connectivity 

• Coverage 

• Cyber security 

• In sourcing 

• Fear of level 2 jobs disappearing 

  



 

General qualification structures in the sector. Which is the level of qualification in the 

sector? How ready are current employees to be able to implement new technologies, 

adapt to new processes?  

 

 

Job Family Qualifications Engineering (ENG) Materials Planning & Logistics (MPL)  

 
Sub Family 

 
 

Research 
Development 

Programmes 
Engineering 

(DES)                                                (PRE) 

Capacity             
Materials             Logistics            Warehouse 

(CP)             
Planning (MP)            (LOG)                   (WAR) 

 

 
Career Level 6 

(Executive) 

 
Degree -
Preferred 

Masters, NVQ 
Level 7, 

Institute Fellow 

 
Head of Engineering (E006) 

Head of Programmes (EPRG006) 
Head of Styling (ESTY006) 

 
Head of Materials Planning 

& Logistics (MPL006) 

 

 
Career 
Level 5 

(Senior 
Management) 

Degree 
Preferred, 

HND, BTec 
Professional Level 5, 

NVQ Level 6, 
Chartered 

Status 

Chief Engineer 

Chief Engineer (EDES005) 

(ERES005E) Design & Development Programme 

Research                       Manager                        Manager 

Manager                   (EDESDEV005)                 (EPRG005) 

(ERES005)                    Chief Stylist 
(EDESSTY005) 

 
Capacity Materials 

Logistics Warehouse 

Manager                        Manager 

(MPLCP005) (MPLMP005) 
(MPLLOG005) (MPLWAR005) 

 

 
 

Career Level 4 
(Professional/ 
Management) 

 
Degree 

preferred, HNC, 
City & Guilds 

Licentiateship, 
BTec Higher 
Professional 

Diploma, 
NVQ level 4 

 
 

Principal 
Engineer (ERES004.2) 

Technical Expert 
Research Engineering 

(ERES004) 

Principal 
Design Engineer 

(EDES004.2) 

Principal Development 
Engineer 

(EDESDEV04.2) 

Principal Technical 
Specialist Engineer 

(EDES004) 

Principal Stylist 
(EDESSTY004.2) 

  
 

Principal 
Engineer (EPRE004.2) 

Technical 
Specialist Production 

Engineer 
(EPRE004) 

    
 

Warehouse 
Shift Manager 
(MPLWAR004) 

 

 
 
 
 
 
 
 
 
 
 

Career Level 3 

(Technical) 

 
 
 
 
 
 
 
 

Degree 
Preferred, 

A Levels, 
ONC, 

City & Guilds Level 3, 

BTec National Diploma 
Level 3, IVQ Technician 

Diploma, 

NVQ level 3 

 
 
 
 

Senior 
Research       Engineer 

(ERES003) 

 
 
Senior Design Engineer 

(EDES003.1) 

Senior Development 
Engineer 

(EDESDEV003.1) 

Senior Technical 
Specialist Engineer 

(EDES003.1) 

Senior Stylist 
(EDESSTY003.1) 

Senior Modeller 
(EDESSTY003.0) 

 
 
 
 

Senior 
Project 

Engineer 
(EPRG003.1) 

 
 
 
 

Senior 
Production Engineer 

(EPRE003) 

 
 
 
 
 
 
 

Senior 
Capacity 
Planner 

(MPLCP003.1) 

 
 
 
 

Senior 
Materials 
Planner 

(MPLMP003.1) 

 
 
 
 
 
 
 
 
 
 

Logistics 
Analyst 

(MPLOG003) 

 
 
 
 
 
 
 
 
 
 

Warehouse 
Supervisor 

(MPLWAR003) 

 

 
 

Research 
Engineer (ERES003) 

Design Engineer 
(EDES003) 

Development Engineer 
(EDESDEV003) 

Technical Specialist 
Engineer 

(EDES003) 

Stylist 
(EDESSTY003) 

 
 

Project 
Engineer 

(EPRG003) 

 
 

Production 
Engineer 

(EPRE003) 

 
 

Materials 
Planning 
Analyst 

(MPLMP003) 

 
 

Higher Apprenticeship 
Product Design & Development 

Engineer Trailblazer (Level 6) 
(EDES003.0) 

 
 

Graduate 
Engineer 

(Placement) 
(EPRG003.0) 

 
 
Higher Apprenticeship 

Manufacturing 
Engineer Trailblazer 
(Level 6)(EPRE003.0) 

 
 

Graduate 
Capacity Planner 

(Placement) 
(MPLCP003.0)” 

 
 

Graduate 
Material Planner 

(Placement) 
(MPLMP003.0) 

 

 
Career Level 2 

(Hourly/ 
Senior Admin) 

 
GCSEs 

Level A-C, NVQ Level 
2, IVQ Technician 
Certificate, BTec 
First Certificate 

 
Technician -

Development 
(ERES002) 

 
Modeller 

(EDESSTY002) 

Technician 
(EDESDEV002) 

  
 

Technician 
(EPRE002) 

 
Capacity 
Planner 

(MPLCP002) 

 
Materials 
Planner 

(MPLMP002)” 

 
Logistics 

Co-ordinator 
(MPLLOG002) 

 
Warehouse 

Team Leader 
(MPLWAR002) 

 

 
Career 
Level 1 

(Hourly/Admin) 

 
GCSEs 

Level D-G, 
Key Skills Level 1, 

NVQ Level 2 

        
Warehouse 
Operator 

(MPLWAR001) 

 

 
 

Career 
Level 0 

 
 

GCSEs 
Level A-C, 

Key Skills Level 2, 
NVQ Level 3 

 
Apprentice 

Product Design & 
Development Technician 

Trailblazer (Level 3) 
(EDES00) 

Apprentice 
Clay Modeller 

Level 3 (EDESSTY00) 

  



 

 

 

 
 

 

 

 Purchasing (PU) Quality (Q) Manufacturing (MFG) 

 
 

Procurement 
Estimating 

(CE) 

 
Management 

Quality Assurance     
Operations 

(SQ)                 (QA) 

 
Manufacturing Assembly 

Making 
Maintenance      

Manufacturing 

(TOO)                                            (LEA) 

  
Head of Purchasing 

(PU006) 

 
Head of Quality 

(Q006) 

 
Head of Manufacturing 

(MFG006) 

  
Procurement 

Estimating 

(PUPR005) 
(PUCE005) 

 
Quality Supplier 

Systems Quality Quality Manager 

Manager                    Manager                               (QOPS005) 
(QMS005)                   (QSQ005) 

 
 

Manufacturing Manager 
Manufacturing Manager 

(MFGLEA005) 

  
 

Senior Buyer 
(PUPR004.2)x 

Senior Technical 
Procurement Buyer 

(PUPR004.1) 

 
 
 

Senior Engineer 
(PUCE004) 

  
 

Senior Supplier 
Quality Engineer 

(QSQ004.1) 

 
 

Warranty 
Engineer 

(QQA004.1) 

 
 

Senior Quality 
Engineer 

(QOPS004.1) 

 
 

Production 
Shift Manager 
(MFGMAN004) 

 
 

Assembly 
Shift Manager 
(MFGASS004) 

 
 

Tool Room 
Manager 

(MFGTOO004) 

 
 

Maintenance 
Manager 

(MFGMAI004) 

 
 
 
Lean Master Practitioner 

(MFGLEA004) 

  
 
 
 
 

Buyer 
(PUPR003.2) 

 
Technical 

Production Buyer 
(PUPR003) 

 
Supplier 

Development 
Engineer 

(PUPR003E) 

 
 
 
 
 
 
 

Cost Estimating 
Engineer 

(PUCE003) 

 
 
 
 
 
 
 
 
 
 

Quality 
Engineer 
(QMS003) 

 
 
 
 
 
 
 
 
 
 

Supplier 
Quality Engineer 

(QSQ003) 

 
 
 
 
 
 
 
 
 

Resident 
Customer 

Support 
Engineer 

(QQA003) 

 
 
 
 
 
 
 

Quality 
Engineer 

(QOPS003) 

 
 
 
 
 
 
 

Production 
Supervisor 

(MFGMAN003) 

 
 
 
 
 
 
 

Assembly 
Supervisor 

(MFGASS003) 

 
 
 
 
 
 
 

Senior Tool 
Maker 

(MFGTOO003) 

 
Maintenance 
Team Leader 

(MFGMAI003.2) 

 
 
 
 
 
 
 

Senior Lean 
Practitioner 

(MFGLEA003) 

 
 

Senior 
Technician 

(MFGMAI003.1) 

 
 

Control 
Engineer 

(MFGMAI003) 

  
 

Graduate Buyer 
(Placement) 
(PUPR003.0) 

 
 

Graduate CE 
Engineer 

(Placement) 
(PUCE003.0) 

 
 

Graduate 
Engineer 

(Placement) 
(QOPS003.0) 

 
 

Higher Apprenticeship 
Manufacturing Engineer 

Trailblazer (Level 6) 
(MFGMAN003.0) 

 Higher Apprenticeships 
Control/Technical 
Support Engineer 
(MFGMAI003.0) 

Electrical/ 
Electronic Technical 
Support Engineer 
(MFGMAI003.00) 

2 Trailblazers 
(Level 6) 

 

  
Assistant 

Buyer 
(PUPR002) 

    
Warranty 

Technician 
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Quality 

Technician 
(QOPS002) 

 
Team Leader 
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Senior Operator 
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Operator 

(MFGMAN001) 
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Apprentice 
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Advanced 

Manufacturing 
Engineering 

(Level 3) 

(MFGMAN00) 

Apprentice 
Apprentice Apprentice Mechatronics 

Engineering             Toolmaking,             Maintenance 
Manufacture Tool & Die      Technician (MFGMAI00) 
(Operator & Maintenance        Trailblazer (Level 3) 

Semi-Skilled)             Trailblazer Apprentice 
Level 3 (Level 3) Electrotechnical 

(MFGASS00) (MFGTOO00)      (Level 3) 
(MFGMAI00.0) 



The Automotive Industrial Partnership is already helping to develop the right standards of 

apprenticeship training for the industry through Trailblazer schemes and the development of the 

Maintenance Upskilling Programme. 

 
In addition to this, OEMs within the Partnership have been working collaboratively to develop pilot 

training programmes that specifically address some of the national skills requirements outlined in this 

report, for example leadership and advanced problem solving. It is recommended that once these 

programmes have been validated and fully approved to ensure they meet industry standards they 

should be made available to the whole industry. 

 
One of these examples is ProLead, which is a comprehensive learning programme tailored to 

provide first line leadership positions in manufacturing management with in-depth relevant 

management and technical knowledge. This programme has been developed by BMW and 

Jaguar Land Rover for the industry. The 

programme comprises of a number of elements which can be completed in various combinations 

depending on the individual’s previous education, training and experience. Various levels of 

qualifications can be obtained from participation that link to ILM, HNC and NVQ certification. So far, 

more than 100 people have embarked on this training programme. There has been very positive 

feedback from participants about the programme and options for it to become accredited and more 

widely available are being investigated 

 

Another pilot example is the Advanced Problem Solving programme which has been developed by 

Toyota, Jaguar Land Rover and a third party provider. The course applies learning to real work 

based projects which deliver real business benefits. Each project delivers significant quality and 

efficiency savings. 31 of the 32 companies that have taken part in the pilots to date have been 

supply chain employers and as a direct result of the training, it is estimated the 277 completers of 

the training programme will deliver more than £10 million in quality improvement cost savings for 

their businesses. The intention is that this programme will become an automotive industry 

standard and will be made available across the whole sector. 

 
It is recommended that other skill requirements outlined in this report continue to be addressed by 

identifying national and regional providers who are able to deliver the quality standards, certifications 

and/or qualifications required by the industry. Potentially a list of providers could be developed that 

deliver the learning and development solutions and the Partnership could govern the quality of 

delivery on a national basis. As part of maintaining the governance, an industry standard learning 

and development framework has been produced. 

 
This report also provides an understanding of the numbers of people and types of roles requiring 

development, along with the specifics of the training needed nationally and regionally. This granularity 

of detail will help ensure the right type of learning is provided, by the most suited providers and the 

volume of requirement may help leverage a better deal cost-wise if co-ordinated centrally. 

 
Some survey respondents advised that they have been offered places on OEMs’ training and 

development programmes and where possible, depending on their own work demands and cost 

they have sent their staff. Respondents recommended that more of this type of offering from 

OEMs should be publicised and made available as the programmes are of good quality and are 

already validated as fit for purpose for the industry. Publication of the OEMs’ offerings of 

placements on their development programmes via the Automotive Industrial Partnership’s central 

portal would benefit the sector in ensuring the right standards and quality of training is received 

and it is recommended that this approach is considered. 

 
 

 

 

 

 



Employers are addressing the immediate need by either having their existing workforce or 

contractors covering these roles, which is costly (both from a monetary perspective and potentially 

from a work pressure standpoint) if covering extra workload for a prolonged period. They are also 

trying to upskill their employees to fill these gaps. Whilst employers are recruiting more graduates 

and apprentices to address the longer term needs, there is still a concern that there won’t be 

enough resource available for the industry. 

 
Specific focus around attracting qualified talent from other industries, countries and retaining the 

current workforce is paramount to the automotive industry’s future. It is recommended that loaning 

or exchange of resource across and within the industry should be explored further, not only to fill any 

immediate recruitment gaps, but also to provide depth and breadth of development opportunities for 

the future from an engagement and retention perspective. Employers within the industry may need 

to revisit their work methods, culture and investigate all possible engagement mechanisms if they are 

to hang onto their staff in this period of growth and change. It is also recommended that they 

continue to work collectively to address the skill challenges ahead. 
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Where do we want to go?  

What are the objectives/strategies of the sector for the next 3-5 years? In terms of: 

product/services, processes, vertical integration (within departments in the company) 

and horizontal integration (with clients, providers, allies)  

 

 

 

 

 

 

 

Future Technologies 

Electric vehicles and the grid 

The electricity industry is core to providing our future fuel for these vehicles. 

With other sectors such as Aerospace & Marine all have OE and supply chains in the NW and 

increasing interests in EV.  EVs aren’t just an issue for the automotive industry, the forward-

thinking local authorities/LEPs are planning strategies around them in terms of charging 

infrastructure.   Consideration is being given to the items below in order to realise the 

ambitious targets. 

• Electric machines 

• Power electronics 

• Volume 

• Niche Vehicles 

• Charging systems 

• Electric infrastructure 

• Smart charging 

 

 

Batteries 

Batteries are a core part of the EV supply chain, and our indigenous supply base is being 

rebuilt through the Government supported Faraday Challenge and UK Battery 

Industrialisation Centre.  However, the Northwest still has some way to go to attracting the 

right skills and infrastructure to support this area of automotive development. 

 



Lightweighting 

This is an area where the North west’s legacy comes to play from the textile & aerospace 
industries with expertise in carbon fibre, composites and magnesium all based locally. It is an 

area that is already growing and supporting automotive, in the following areas  

• Lightweight components 

Low to high volume components 

• Composites 

• Metals; aluminium, titanium and magnesium 

• Advanced design technologies 

• Additive Manufacturing 

 

 

Engines  

Whilst engines will still feature in on-road vehicles in the future their shape and form will be 

different.  The Pulse-R engine shown has been developed by a local innovation micro 

company Oaktec and is capable of utilising biofuels.   

 

 

Alternative fuel engine solutions for medium and heavy duty commercial vehicles for both 

original equipment and retrofit applications are being developed.  The vehicle here is a 

hydrogen powered vehicle developed by local company ULEMCo.  With access to hydrogen in 

the NW from our chemical plants on the River Mersey and research interests in hydrogen at 

Liverpool University here is a logical location for more hydrogen related activity. 

During the last 20 years the vehicle engine industry was eager to hear of opportunities for 

innovations that generated fuel savings in excess of 12-15%; however, the focus now is on air 

quality and zero emissions. 

 

 

Connected & Autonomous Vehicles 

The UK focus for CAV is based in a triangle between London and the Midlands – while The 

Northwest were unsuccessful in looking at holding a CAV trial based around Salford Quays 

utilising electric buses, and existing local expertise in autonomous vehicles we need to take 

that concept and provide opportunities for both the companies and concept of that bid if we 

wish to be taken seriously on a national basis. 

Many of the underlying expertise is based in the NW but focused on different industries such 

as media and gaming; lets take the opportunities to get them engaged with local projects to 

build our capability. 

 

 

Vehicle systems  

Lancashire is host to Millbrook (North), which is an extensive test house facility and with its 

sister organisation in Bedfordshire they offer a comprehensive component, subassembly and 

vehicle test options to meet both current and future technology needs.  Combine either of 

these locations with the Virtual Engineering Centre or the University of Salford Virtual Reality 

research group and you move into the virtual & digital test environment. 

 



With Formula Student based at University level and participation from many of our local 

universities and now the evGrand Prix having a base at the 3 Sisters Circuit in Wigan we can 

encourage & support future generations of engineers.    

 

However each of these new technologies has different challenges that need defining and 

there are not enough people coming into automotive.  

 

There is a broad range of productivity across the sector and there is a great need to develop 

the skills that will be required.  Younger generation & people with skills the sector wants (e.g. 

software development) want more flexible working - clashes with existing corporate cultures.   

 

Training & development needs to be seen as an investment but it is difficult to calculate ROI 

Needs to be a pan-automotive and, potentially, cross-sector markets for human capital 

transformation Training providers need to provide the training that meets industry needs and 

need to Integrate e-learning into training product range.  The new generation accesses 

learning when needed, so just as important to know how to access learning, than learning 

itself 

 

 

 

  

http://evgrandprix.org/


 

How can we get there?  

Identification of cross skills and job profiles for the automotive cluster.  

 

Skills Required by Sector 

 

Rank Critical Now 

6-12 months 

Future Ongoing 

1 – 5 years 

1 Logistics solutions for assembly Welding 

2 Sensor Technology Plug-in hybrid electronic vehicles 

3 Programmable Logic Control 

(PLC) 

Fault Finding 

4 Robotics Programmable Logic Control (PLC) 

5 Manufacturing process 

knowledge 

Procurement 

6 Electric skills Programme Management 

 

 

 

 

 

 



Identification of intermediate actions and resources necessary to achieve the objective/strategy. 

Roadmap of the region (time based graph) 

 

 



 

Identification job profiles and associated skills: to implement new technologies, to 

adapt to new organizational ways, to develop transversal skills (flexibility, autonomy, 

problem solving…) adapted to the detected strategies of the sector. 

 

Skills required 

 

Rank Critical Now 

6-12 months 

Future Ongoing 

1 – 5 years 

1 Programmable Logic Control (PLC) Programmable Logic Control (PLC) 

2 Advanced problem solving Plug-in hybrid electronic vehicles 

3 Manufacturing process knowledge Programme Management 

4 Robotics Procurement 

5 Sensor Technology  

6 Electric skills  

 

Taking the skills identified, we can drill down into the detail of some of them to identify the 

job roles that need to be either identified or developed.   

 

Programmable Logic control 

What Who 

Knowledge and interrogation of software 

Allen Bradley 

Siemens 6 

Fault finding and maintenance on ABB/Siemens 

ABB Robotics 

Trumpf lasers 

Maintenance Technicians, Senior technicians 

and team leaders 

Manufacturing team leaders 

Lab view based software Design Engineers 

 

 

 

 

 

 

 



Advanced problem solving 

What Who 

Practical problem-solving techniques 

Business improving techniques 

Quick problem solving and best decision making 

Root cause analysis 

8D 

Manufacturing Team Leaders, Supervisors and 

Managers 

Production Engineers 

Senior Programme Engineers and Section Leads 

Quality Operations Engineers 

Logistics Senior Planners and Team Leaders 

Maintenance Technicians 

 

 

Manufacturing Process Knowledge 

What Who 

Manufacturing process knowledge and costing Cost estimating engineers 

Standardisation of production operations across 

the plants 

Standard operating procedures 

Manufacturing Operators and Technicians 

 

 

Robotics 

What Who 

Programming 

FANUC 

ABB 

Electronics 

Maintenance, repair and upkeep 

Preventative maintenance 

Diagnostics 

Maintenance Technicians, Senior Technicians 

and Team Leaders 

In depth knowledge of how robots work 

including new versions and automation of them 

Production Engineers 

 

 

Programme Management 

What Who 

Methodologies and application of robust 

techniques and tools 

Global programme management application 

Managing multiple vehicle/component launch 

Programme Engineers, Section Leaders & 

Managers 

Design managers 

Buyers 



Job Roles required 

 

Rank Critical Now 

6-12 months 

Future Ongoing 

1 – 5 years 

1 Manufacturing Team Leader Design Engineer 

2 Manufacturing Assembly technician Production Engineer 

3 Production Engineer Manufacturing Operator 

4 Section Lead/Senior Production 

Engineer 

Manufacturing 

Supervisor/Manager 

5  Logistics Analyst 

6  Maintenance Apprenticeship 

7 

 

 Quality Assurance Engineer 

8  Quality Ops Technician 
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1 DATA OF THE SECTOR 

 

In order to have quality information, we have collaborated with ACICAE – Basque 

Automotive Cluster, who have contributed with aggregated data for a total of 300 

companies of the Basque region working for the sector.  

 

1.1 Basic Data of the Sector 

 

The Basque automotive sector is made up of 300 companies invoicing over 16 billion 

euros and employing over 85,000 people, 40,000 of which in the Basque Country. The 

specific weight of Daimler Vitoria must be added to this, producing around 135 thousand 

vehicles a year and with 3,000 employees.  

 

1.2 Description of the sector 

 

The integrality of the automotive sector is ensured through the presence of the entire 

value chain in a reduced area, ranging from steel companies, goods manufacturers or 

machine-tool manufacturers to die and machining companies, as well as universities, 

research centers, consultancy and engineering firms, etc. 

- Production of 8 million tons of steel. 

- 80 machine-tool manufacturers. 

- 70 machining companies. 

- 4 universities. 

- 11 technology centers. 

Furthermore, the Basque sector is present in all of the vehicle functions: 

- Drivetrain 

- Powertrain 

- Interior elements 

- Structural elements and bodywork 

- Exterior elements 

- Electronics 

The automotive sector has 600 production plants worldwide, of which 284 are outside 

Spain, mainly in emerging markets, such as Eastern Europe, Brazil, Mexico or China. 

This international presence is allowing vehicle construction companies or first level 

suppliers to be accompanied in their globalization process, offering the highest 

guarantee of rigor and seriousness. 



 

 

 

Página | 4  

 

On the other hand, the Basque Country has over 30 multi-national companies in the 

sector, with important centers of expertise that add value to the entire industry and 

their organizations of origin. 

With respect to technology, 70% of the automotive companies in the Basque Country 

have R&D&I departments. The average percentage of turnover assigned to these 

activities is 5%, with strong growth foreseen over the forthcoming years. 

 

The main areas of research focus on engines, suspension, brakes and steering. With 

respect to the number of people dedicated to R&D&I in the sector, the Basque Country 

currently employs over 3,000 people for these tasks. 

 

Basque companies identify the need to increase the added value of their products 

through the increase in design capacities through diversification towards parts that are 

better suited to the new types of vehicles that will appear in the forthcoming years. 

 

In this respect, companies are committed to researching new materials with improved 

properties in terms of conformability for their optimum industrial transformation and 

resistance /weight to offer improved features for their final application in the vehicle. 

100% of Basque companies have ISO 9000 certification or equivalent. Around 63% are 

certified by a leading certification body in the sector and 51% have ISO 14000 

certification. 
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1.3 Organisational Unit on Process Level 

 

1.3.1 General Structures 

 

As we mentioned the Basque Automotive sector has presence at all stages of the value 

chain as we can see in the following image: 

 

With these main figures: 

 

 

Figure 2: Main figures of the Basque Sector 

Figure 1:Basque Sector Structure 
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As we can see, the Basque automotive sector companies have more than 680 production 

plants worldwide. 90% of turnover coming from international sales, being around 45% 

of it from outside of Europe, employing 80.000 people outside the Basque Country and 

with 48 multinationals with important competence centers that add value to the overall 

industry.  

 

The Basque Automotive Sector is excellent in all processes in all functional areas: 

 

 

Figure 3: Processes and Functions 

 

The most used production processes by the Basque region companies is machining (65% 

of companies), followed by injection (28%), cold stamping (21%), curved-folding (16%), 

hot forging (11%) and casting (11%). 

 

If we focus on the joining processes, the companies mainly use mechanical joints (32%), 

followed by contribution welding (24%) and friction welding (13%). 

 

With regard to post-processes, 46% of companies incorporate some surface finishing 

processes in their products, followed by thermal treatments (33%). 

 

The most commonly used materials in the sector are ferrous, with an increasing use of 

lightweight materials such as aluminum, thermoplastics, thermosets and elastomers. 

 

1.3.2 Main Changes and Innovations of the sector 

 

After having more than 15 individual interviews with different kind of suppliers of the 

Basque Automotive value chain, and adding the information of the GEARS 2030 Report 

where AIC took part, we can distinguish this main changes and innovations happening 

at the sector.  
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The car has totally changed from the one that where at the streets fifteen year ago.  

 

The physical appearance is different (more adapted to the new trends and tastes), but 

the inside part is the one that has radically changed. Some examples of what we are 

saying could be: 

 

• Sensors to park the vehicle without a driver  

• Systems that allow the driver to check the messages at their phones without 

looking away from the road 

• Better and more efficient engines or many intelligent devices that increase the 

safety of the occupants 

 

Another big change of the sector is the increase of the electrification; 35% of today’s 

total value of a car is electronic, when 25 years ago didn’t reach more than 10%. A 

tendency that will become even more important in the future.  

 

In addition to that, the materials used in the manufacturing process are also changing 

with a greater prominence for carbon fiber and high-grade elastic steels around others.  

This new revolution implies having to learn new processes in a more intelligent 

production environment, knowing how each component is manufactured, which is the 

function of the component in the car. But also implies people to learn how to work in 

network, with plants located in different countries.  

 

To all of this, we cannot forget the changes that the society is suffering, with a much 

older and interconnected population and new demands from the customers and 

consumers that the automotive sector has to answer. A clear example is the high 

awareness of environmental issues, where today´s consumers are demanding a more 

environmentally “friendly” car.  

 

In the short time, the sector will have to face this new paradigm. Let´s see more in detail 

the changes: 
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Figure 4: Main changes of the sector 
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VEHICLE 

 

1. Smart Vehicles 

a. Active Security 

b. Passive Security 

c. Autonomous Driving 

2. Connectivity 

a. V2I 

b. V2V 

c. New communication networks 

3. Environment 

a. Light weight 

b. Engine efficiency 

c. Highly advanced propulsion system 

d. Electrification 

e. Alternative fuels 

4. End User 

a. Comfort 

b. Customer experience 

c. Customize Vehicles 

 

MANUFACTURING 

 

1. Productivity and Flexibility 

a. Production management tools and strategies 

b. Advance Manufacturing 

2. Simplification 

a. Modularization 

b. Standardization 

 

MARKET 

 

1. Globalization 

a. Global Market 

b. Traditional vs Emergent 

2. Reduction of the supplier’s base 

a. Supply concentration 

b. Value chain responsibilities increase 

 

SOCIETY 

 

1. Demography 

a. The ageing of society 

b. Multiculturalism 

c. Digital Society 



 

 

 

Página | 10  

d. Urban population growth 

2. Education 

a. Multifunctionality 

b. More practical training 

c. Digital training  

3. Resource efficiency 

a. Search for substitute products 

b. Optimized use of raw materials 

c. Use of renewable energies 

4. Interconnected society 

a. Open Innovation 

b. Access to a lot of information 

c. 24/7 Society 

 

 

In this new context, the profiles and skills required by the companies of the Basque 

Automotive Sector will have to adapt to these new trends.  
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2 PRESENT – WHERE WE ARE 

 

2.1 Introduction  

 

To answer to the challenges that the Basque Sector is facing, the companies are 

developing solutions in aspects related with energy efficiency, safety and the 

improvement of the manufacturing processes.  

 

This last aspect is especially significant because the impact that it has on the others, 

since all new solutions must be developed maintaining or improving the 

competitiveness of the companies.  

 

For all of this, the sector is nowadays working in an Advance Manufacturing Model. A 

model that allows the companies to: 

 

- Be able to generate knowledge at all levels in the organization. 

- Lead the development of people, activating all their potential to improve their 

skills and improve the motivation. 

- Provide proactive information for a deep analysis in real time. 

- Improve the agility and reconfiguration of manufacturing processes and 

technologies. 

 

This integrated model must cover manufacturing technologies, information 

technologies, organization and people in the company. 

 

Figure 5: Advance Manufacturing axis 

 

2.2 Technological Situation 

 

The sector is actually working in 5 different axis that we will develop more in detail: 

 
 

 

 

 

 

2.2.1 AXIS 1: Advanced Manufacturing Processes 
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This axis is focused on the application of latest generation technologies in order to 

manufacture in a differential way, offering added value and with a high automation 

component.  

 

This axis is characterized by the use of advanced technologies, such as disruptive 

additive manufacturing, collaborative robotics, micro and nano-manufacturing, 

application of new materials or efficiency of processes, seeking the optimal use of 

materials. 

 

2.2.2 AXIS 2: Adaptive and Smart Manufacturing 

 

This axis is focused on enhancing the adaptability and versatility of the media through 

the use of universal media, the acceleration of depreciation, industrialization and the 

creation of dynamics. 

 

This axis also includes the concept of intelligent processes. Referring intelligence as a 

deep knowledge of the processes: significant variables, correlations between them, etc.  

 

An important aspect to consider is the capitalization and reuse of knowledge, the 

transparency and availability at the point of use, the integration of engineering and the 

application of advanced analysis techniques. 

 

2.2.3 AXIS 3: Digital, Virtual and Resource Efficient Factory 

 

This axis is focused on the ICTs used and their interconnectivity ("Internet of things") 

and their management in real time. 

 

It includes the application of Big Data and virtual tools to facilitate the management, 

reporting and analysis of information. 

 

It also includes the efficient management of energy resources, the reuse of components 

and the complete life cycle of the product including recycling. 

 

2.2.4 AXIS 4: Human Factory 

 

The main objective of this axis is based on the development of people. Advanced 

Manufacturing is based on technology, but it is people who make the difference by 

making a differential use.  

 

It analyses the training of people, both at the technological level (electronics, robotics, 

ICTs...) and at the analytical level (analysis techniques, management, proactivity...). 
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It also analyzes the existing deviation between the capacities demanded by companies 

and those available in the market, as well as the need to provoke passion in work teams 

to awaken their interest in technology. 

 

2.2.5 AXIS 5: Customer Focused Manufacturing 

 

This axis is focused on the involvement of customers throughout the value chain, 

enhancing the relationship between companies and the agility of response to the 

market needs. 

 

It also refers to the analysis of the experience of use, collecting data on the final 

consumer and its exploitation, commercially, design, manufacture, maintenance, etc.  

 

This are the main technological areas where the sector is actually working, trying to 

become a TOP reference in each of them.  

 

2.3 Actual Situation in Training, Skills and Qualification 
level in the Basque Country 

 

2.3.1 Skills demands for the new scenario 

 

As we have seen in the previous points of the report, the new scenario that the Basque 

automotive companies are facing, requires new professional skills. To compete in this 

new “Knowledge economy”, the industry needs to promote the people development to 

be able to respond to unknown situations. 

 

The capacity to manufacture and innovate in a differential way, is based on a high level 

of knowledge, generated by people with a proactive attitude who enjoy technology and 

explores new horizons. There is also needed an adaptation of the organization’s profiles 

to these new scenarios 

 

The needs of the factory of the future will be different from those of today. 

 

From the technical point of view, the importance of having experts in specific areas of 

knowledge will no longer be relevant, except those related to the analysis. The factory 

of the future will have millions of data that we must know how to manage, analyze and 

show for decision making. Experts in statistics and data analysis will be necessary. 

 

Multidisciplinary profiles will also be necessary that mainly include technical knowledge 

in: 
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- Operations: related to knowledge about new manufacturing technologies and 

materials available in the market, advanced processes such as additive 

manufacturing, nanotechnology and composites. 

- Digital environment: digital knowledge necessary to use new technologies such 

as collaborative robotics or augmented reality, among others. 

- Analytical: knowledge necessary to analyze and interpretate data oriented to 

decision making. The development of statistical knowledge is essential to be able 

to anticipate problems. 

 

But we cannot forget these main competences totally related with this new 

environment that the sector is living: 

- Hard networkers 

- Willing to face the change 

- Multidisciplinar and multilocalized work 

- Excellent knowledge of the function 

- Excellent knowledge in traditional and new processes 

- Adaptable to multicultural environments 

2.3.2 Qualification level 

 

Human capital is one of the greatest strengths of the Basque Country. The region has a 

big percentage  of people with university degrees and a good proportion of science and 

technology university graduates. Up to 81.1% of the population completed secondary 

school, and 26% of the citizens aged 24 to 64 studied at the university, compared to 

23.1% in the EU-25. In this group, 25.9% have degrees in science and technology, 

whereas in the EU-25 the proportion is only 13.1%. Besides, 13.1% work on some type 

of research. 

 

The Basque Country stands out for tertiary education attainment (university and 

vocational education) by the population aged 24 to 65. Eurostat data indicate that 44.1% 

of the people in this age group studied at the university or in vocational schools. This 

proportion is higher than in any other country in the EU-27, including Finland (38.1), 

Ireland (37.3) or Norway (36.9), which followed the Basque Country in the ranking. 

Moreover, this percentage is way above the European average (25.9%). 
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Figure 6: Average of people with tertiary level of studies 

 

The total expenditure per student in educational institutions from primary to tertiary 

levels in the Basque Country was 12,048 PPP (purchasing power parity) in 2009, ranking 

ahead of Spain (9,800), the OECD average (9,252), the EU (9,122) and countries like 

France (9,913) or Germany (9,779). 

 

 

Figure 7: Money invested by student 
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2.3.3 Training in the sector 

 

Introduction  

 

The rise of unemployment and the reduction in the offer of new Jobs has caused that 

current workers and those seeking to access to the labor market, to increase their 

training period, either to replace the lack of experience (in case of new worker) or to 

assume new challenges, responsibilities or functions within the company (in case of 

existing workers in the company).  

 

As a result, employees are increasing their value in the company day by day. In this way, 

the training and recycling of skills and knowledge of people is becoming a significant tool 

to increase the employability and the contribution of new workers. In other words, to 

increase the value of the worker.  

 

To do this, it is necessary that both parts (company and employee) take part in it. The 

employee has to offer more and more to the company and the company has to maximize 

the polyvalence of the workers by providing training. 

 

Most relevant information of the sector 

 

- 51% of the employees receive training each year in the company. (+18000 

employees trained) 

- 27 hours training per employee (+974.000 training hours) 

- 28 training actions per company per year (+5.400 training courses per year) 

- 35.8% of the companies have agreements with universities or training centers. 

- 69.14% of companies identify and train their own internal trainers 

- The training agenda is regularly adapted and revised for 87.65% of the training. 

 

As we can see in figure XXX, in the last years, the basque automotive sector has been 

trying to equip its workers with the necessary skills and knowledge to run their functions 

in the company. 

 

This effort is due to the increase in the volume of turnover dedicated to training, from 

0.68% in 2011 to 1.8% in 2017. 

 

In 2016 we can see a peak in the increase of the percentage of turnover allocated to 

training, and although it fell again in 2017, the number has almost been tripled in just 6 

years. 
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As we can see in the graphic XXXXX, the investment made was quite static among 

companies during the crisis, having big increases from 2013, where the percentage of 

turnover dedicated to training has been doubled.  

 

This evolution is also shown in the average hours that companies spend in training per 

employee, with an average number of hours for the total employees of 15 in 2014. This 

amount gradually increased in the following years. This also happens if we analyze the 

number of average hours of training received by those people who are trained within 

the company.  

 

 
 

Comparing both graphs, we see that although the rate of turnover dedicated to training 

by companies has decreased in 2017, the hours of people trained has increased to 

almost double.  
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Once analyzed the areas where the companies consider of key importance to have a 

range of specific knowledge for the development of their tasks, we see that the main 

topics where companies dedicate their resources are:  

 

Engineering – 27% 

Finances – 21% 

Management Skills – 32% 

Logistics – 16% 

Purchasing – 14% 

Selling / Commercial – 25% 

Lean Manufacturing – 30% 

Project Management – 22% 

Design – 25% 

Human Resources – 45% 

Maintenance – 38% 

Quality – 74% 

Others – 16% 

 

We see that the most important topics among the training held in companies are quality, 

human resources and maintenance and management skills.  

 

Another point to highlight is the huge variety of training providers that companies use 

to cover all the existing training needs.   
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3 FUTURE - WHERE DO WE WANT TO GO? 

 

3.1 Technological point of view 

 

This section includes the lines of action required to progress towards Advanced 

Manufacturing, for which there are currently sufficiently mature for companies to 

obtain results in the short term, or means in industrial development. 

 

The lines of action have been framed within each of the axes explained before, 

necessary to achieve results in Advanced Manufacturing. 

 

3.1.1 AXIS 1: Advanced Manufacturing Processes 

 

The introduction and exploitation of state-of-the-art manufacturing technologies 

requires mastery of processes. Mastering processes makes possible to have differential 

uses achieving competitive advantages: 

 

• Manufacture of products with greater added value 

• Faster and more efficient industrializations 

• FTT: manufacturing right the first time 

• Reduction of manufacturing costs 

• Minimization of energy and material consumption 

• Increased the speed of incorporation and adaptation to technological changes 

• Acceleration of the learning speed of new incorporations 

• Improvement of the innovation capacity from the process 

• as well as the indirect impact on the development and qualification of people. 

 

The mastery of the process can only be achieved through a deep knowledge of the 

variables that condition it. With the traditional techniques, a limited level of knowledge 

is reached  

 

Currently there are KETs (Key Enable Technologies) for developing advanced processes 

such as Big Data tools, Cloud Computing, additive manufacturing or signal 

instrumentation. 

It is necessary to approach advanced initiatives to achieve a deep knowledge developed 

through the following aspects. 

 

• Data collection, visualization, analysis and management systems 

• Key directed information systems 
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3.1.2 AXIS 2: Adaptive and smart manufacturing 

 

SMART MANUFACTURING 

 

The endowment of intelligence to the processes, seeks to have autonomous learning 

processes, machines, etc. It also permits the identification of anomalous situations and 

even gives the process the capacity of making regulations, in real time. 

 

The application of intelligence in advanced manufacturing gives to all lines the 

opportunity to learn in real time.  

 

The main technologies that we should consider here are the following ones: 

 

• Monitoring of equipment and processes, and implementation in production line 

• Intelligent status control of asset 

• Communication systems between production line machines and systems 

• Intelligent systems for the integration of the supply chain management 

 

ADAPTIVE MANUFACTURING 

The growing demand of customization by the customer, together with the technological 

evolution of the components (and the obsolescence of the product) is making the series 

shorter and shorter. This implies a greater number of references being manufactured 

simultaneously, sharing lines, and making shorter development times to market and 

shorter reference life cycles. 

 

This new scenario requires extreme flexibility and versatility that can only be achieved 

through innovative concepts: 

• Designing and industrialization methods (Connected flexible machines, 

equipment and tools) 

• Production processes, so that they are extremely agile to adapt to any type of 

change. 

• Manufacturing technologies, which resolve the limitations presented by 

traditional conceptions. 

 

3.1.3 AXIS 3: Digital, Virtual and Resource Efficient Factory 

 

DIGITAL AND VIRTUAL MANUFACTURING 
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The complexity of any advanced industrial environment is enormous. Multitude of 

references being manufactured simultaneously, for different customers, in different 

lines, combining different technologies, with a very high number of variables interacting 

with each other... all this happening in real time with high production volumes. 

 

The high technological development of the ICTs opens a range of opportunities that 

allows to make simple the complex things. The intensive incorporation of ICTs into the 

productive environment allows us to have the right information, at the right time, 

sensitive to the context in which it is found and oriented towards action.  

 

Some of the facilitating KETs are artificial vision and 3D simulation in the short term. 

 

ECO FRIENDLY FACTORY 

 

Eco-efficiency in advanced manufacturing means going beyond the factory doors. The 

pressure of the sector combined with environmental and sustainability policies require 

the management of the entire product life cycle, not only the pure manufacturing 

process or what happens inside the factory. We need to control the entire life cycle, 

from the conceptual design phase to the use after the end of its useful life. 

 

In order to develop this line of action, work must be done on both energy management 

and the entire life cycle. 

 

• Advanced platforms and tools for energy management of equipment and 

production plants 

• Energy consumption monitoring and control systems for each stage of the life 

cycle 

 

3.1.4 AXIS 4: HUMAN FACTORY 

 

We will go deeper in the next points of the analysis 

 

3.1.5 AXIS 5: Consumer focused manufacturing 

 

The growing customization demanded by customers, coupled with the ever-increasing 

technological evolution of components (and, therefore, their obsolescence) implies: 

 

• Increasingly shorter life cycles, which require a drastic reduction in time to 

market. 

• Greater contribution of technological value, which requires the proactive 

participation of suppliers as experts in each corresponding 

product/process/technology. 
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3.2 Technological Roadmap 
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3.3 Main profiles and skills needed 

 

After all the analysis of the technology, the next question was, how are the skills of the 

future going to change? Witch are the main profiles affected? 

 

Considering the scope of the project, we asked the companies to put the focus on the 

most transversal skills instead of on those “more technical” related with the Industry 

4.0.  

MAIN PROFILES AFECTED BY THE ADVANCE MANUFACTURING 

After making the survey this are the main actual profiles detected that are going to be 

even more with the changes of the sector: 

 

ACTUAL PROFILES 

 

• CAE Analyst 

• Designers (CAD, NX, Solidworks) 

• Designing draughtsman specialist 

• Programmer analyst 

• Programmer (several programming languages, robots, SPS) 

• Graphic designers 

• Design and installation of networks 

• Laboratory technician 

• Export Area Manager 

• Key account manager 

• Project Manager (several) 

• Plant Director (foreigner) 

• Technical Manager 

• Assembly Responsible 

• Experts in different processes (injection and/or materials specially)  

• Field service engineer Robomachine 

• Head of Information Systems 

• Commercial Technician 

• Software R & D Technician  

• Project Managers, Financiers, Directors, Commercial, Business Developers 

• Web Developers 

 

NEW PROFILES  
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That are going to get involved at the automotive sector and where not until now or that 

are going to be 100% new: 

 

• Big data Scientist 

• Big data architect 

• Big data analyst 

• Artificial Intelligence Engineer 

• Cognitive Analyst 

• Expert in Cloud Computing 

• 3D Printing Specialist 

• IoT Expert 

• Game Designer 

• Growth Hacker 

• Digital Signal Processing Technician 

• Interface Designer 

• APP Developer 

• Data Engineer 

• Data Scientist 

• Digitalization Technician 4.0 

• Programmer platforms and IoT applications 

• Design of digital systems 

• Expert in Cybernetics 

 

NEW SKILL NEEDED 

 

In order to organize the skills thought “packages” we have divided them in four main 

Groups: 

 

• STRATEGIC SKILLS: Those that are necessary to focus and approach the areas of 

the future activity organization and to respond and adapt to the demands of the 

environment. 

• STRUCTURAL SKILLS: Those necessary for the good running of the company, in 

such a way that the work can be carried out in an effective way. 

• ACTIVITY SKILLS: Those necessary to deploy the activities corresponding to the 

day to day, offering guarantees of good performance and efficiency in the 

company 

• TRANSVERSAL SKILLS: Those individual and relationship skills, that are 

considered necessary for the good development of the work and the interaction 

with other involved parts. 
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Strategic vision 

Industry 4.0 

Competitive intelligence 

Lean 2.0 

Valuation of risks and investments  
    

S
T

R
U

C
T

U
R

A
L 

RESOURCE 

MANAGEMENT 

Management of financial resources 

Management of material resources 

Time management 

People Management 

         Team development 

        Management by competences 

        Individualized development plans 

        Performance evaluation systems 

        Knowledge management 

        Acquisition and development of talent at an international 

level 

        Working in multidisciplinary teams 
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Organization and processes 

SYSTEM 

Management of alliances 

Management of the value chain 

Legislation (different countries) 

New markets 

RESOLUTION PROBLEMS 

System analysis 

Search, filtering and prioritization of information 

Judgment and decision making 

Resolution complex problems 

 

A
C

T
IV

IT
Y

 

 TECHNICAL 

Analysis of data 

Flexible and robust manufacturing concepts 

Knowledge of new products 

Product knowledge and processes 

QA 

Quality control and flexible production 

Data mining and Big data 

Technology design and user experience 

essays 

Statistics or data visualization 

Supply chain management 

Implementation technologies 4.0 

Interacting with modern interfaces 

Maintenance, repair, operation and control of equipment 

Environmental materials and efficiency 

Mechatronics 

Improve energy efficiency 

New Materials 

New processes and new materials 

Programming 



 

 

 

Página | 27  

Virtual and augmented reality 

Robotics 

Information security and data protection 

Solution of technical problems 

Information technology 

 

T
R

A
N

S
V

E
R

S
A

LS
 

SOCIAL 

Leadership 

Training and teaching to others 

Share decisions 

Communication 

Conflict management 

Management of multiculturalism 

Interpersonal skills 

Languages 

Emotional intelligence 

Negotiation 

Networking 

Service orientation 

Persuasion 

Conflict resolution 

teamwork and cooperation 

PROCESS 

Adaptability, flexibility before change 

Ability to work under pressure 

Critical thinking 

 

 

 

 

 



 

 

 

Página | 28  

3.3.1 SKILLS AREA BY AREA 

 

MANAGEMENT AREA 

Considered the head area of the company. It takes the helm of the company, establishes 

the objectives and works to achieve them. This area is connected with the rest of the 

functional areas, since is the department that controls all the work areas that are in the 

company. 

 

Most important skills or this area today: 

 

• Strategic and business management 

• People Management 

• Market knowledge 

• Interpersonal skills 

 

Evolution of the area for 2025: 

This area will be HIGHLY affected by the Industry 4.0 changes in terms of skills.  

• The management area will be mainly conditioned by the changes that the market 

and society in general will undergo. The competences linked to this new scenario 

with a larger market, with more customers and competitors, and in which the 

customer focus and the assumption of responsibilities within the value chain is 

increasingly greater in this area.  

• At the same time, the company's own growth, and the fact of moving in a global 

scenario, will make the competences linked to the development of multi-

localized, multi-displinary and multicultural teams acquire more importance. 

• At General Manager level, his involvement in leading the company towards new 

concepts of value creation, such as co-creation or open innovation, and the 

establishment of alliances with partners that allow the company to grow and 

develop new products, from a modular approach, will also be important. 

• The Plant Manager will also have to guide the company to the adoption of new 

production systems that make the factory more flexible and productive, as well 

as cleaner and smarter. 

• Finally, the existence of more and more information, both inside and outside the 

company, will make it essential to develop competencies linked to competitive 

intelligence within those encompassed in the strategic vision. 

 

Most important skills on this area 2025: 

 

• Alliance Management 

• Competitive intelligence 

• Flexible and robust manufacturing concepts 
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• Team development:  

o Multi-located 

o Multidisciplinary 

o Multicultural 

• Strategic vision 

 

ADMINISTRATIVE – FINANCIAL AREA 

 

Related to the operation of the company in a general sense. In small companies is usually 

the entrepreneur the one responsible for this area. It´s related to other areas such as 

human resources.  

 

Most important skills or this area today: 

 

• Economic and financial knowledge 

• Languages 

• Interpersonal skills 

 

Evolution of the area for 2025 

This area will be MEDIUMLY affected by the Industry 4.0 changes in terms of skills.  

• It could be said that this area is one of the least affected by trends in terms of 

the need for new knowledge, but that nevertheless will grow more in complexity. 

Above all due to the foreseeable increase in financing needs that the company is 

going to have to deal with the process of increasing added value and 

globalization. 

• This increase will require to improve their interpersonal skills, as well as their 

knowledge of languages.  

• On the other hand, subjecting the company to different financial legislations will 

make it necessary to have a good base of knowledge of them, in order to 

optimize accounting / tax processes. 

• Capacities related to the valuation of risk must also be developed, due to this 

foreseeable increase in investments, but also to the concentration of customers 

and suppliers, as well as to the increase in product responsibility. 

• Finally, and because of the strategic character of this area will have to increase 

his skills related to the strategic vision. 

 

Most important skills on this area 2025: 

 

• Strategic vision 

• Risk assessment and investments  

• Legislation (Accounting and Tax legislation) 

• Interpersonal skills  

• Languages 
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QUALITY AREA 

 

The main function of the quality department is to ensure compliance with the quality 

policy indicated by the company's management. 

Most important skills or this area today: 

 

• Quality regulations 

• Core Tools 

• Environment legislation 

• Product 

• Process 

 

Evolution of the area for 2025: 

This area will be HIGHLY affected by the Industry 4.0 changes in terms of skills.  

• The trends related to the development and manufacturing of new products, as 

well as those related to the modularization of products and the increase of 

responsibilities in the value chain, will mark the quality area. These tendencies 

are going to have to lead to a necessary increase in knowledge related to the 

product and the processes of the company within the area. 

• In addition, the appearance of new OEMs, as well as the concentration processes 

of the main Tier 1, will entail the need to know and use a greater number of 

quality tools. 

• On the other hand, the increase in environmental requirements at the company 

level, as well as at the product and process level, will require the Director of 

Quality to be more involved in the company's efficiency policies. 

• It will also be necessary, due in large part to the development of new products 

and increased responsibility in the value chain, that the quality area assumes the 

performance of certain tests, which should increase the skills and knowledge in 

that area. 

• Finally, concepts of ultra-flexibility, such as "unit mass production", will make it 

necessary to reorient quality controls in many cases, requiring a greater 

knowledge of these concepts in order to optimize performance. 

 

Most important skills on this area 2025: 

 

• Product and process knowledge 

• Quality tools and systems 

• Environmental efficiency  

• Conduction trials 

• Flexible production 
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ENGINEERING AND R&D AREA 

 

The Engineering and R&D area is the one that deals with the manufacturing processes, 

manufacturing products and with the industrial goals. This area tries to reach the 

integration of all relevant factors in order to elaborate optimal solutions to complex 

problems related to the transformation of economic inputs into products for society. 

 

Most important skills or this area today: 

 

• Process knowledge 

• Knowledge of Engineering 

• Language 

• Quality Standards 

 

Evolution of the area for 2025: 

This area will be HIGHLY affected by the Industry 4.0 changes in terms of skills.  

• This is the area is the most likely to be affected by future trends, leading to a very 

significant increase in skills and knowledge within this area. 

• In addition to all vehicle-related trends, which involve the acquisition of 

knowledge related to new products and concepts in the vehicle, new materials 

and new ways of working, there is also that related to the actual manufacturing 

itself. Knowledge must be increased in new advanced manufacturing processes 

as well as in new materials. 

• Growth within the value chain, coupled with the use of digital tools during the 

creative process, will make it necessary to acquire new knowledge in CAD-CAM-

CAE tools, combined with virtual and augmented reality tools. 

• Concepts such as modularization, together with others more related to the 

globalization of the market itself, will require an increase in interpersonal skills 

within the area, in order to be able to work in multi-localized, multidisciplinary 

and multicultural teams. In line with this trend, it will be necessary to increase 

knowledge of languages. 

• Finally, trends such as the need for a global design but local adaptation, or the 

need to grow within the value chain, will require a greater customer focus within 

the area. 

 

Most important skills on this area 2025: 

 

• Vehicle and new products knowledge 

• New materials 

• CAD/CAM/CAE 

• Virtual and augmented reality 

• Interpersonal skills 



 

 

 

Página | 32  

• New production processes 

 

HR AREA 

 

The area in charge of management that is responsible for selecting, hiring, training, 

employing and retaining the staff of the organization. 

 

Most important skills or this area today: 

 

• People management 

• Labor legislation 

• Prevention of Occupational Risks 

• Interpersonal Skills 

Evolution of the area for 2025: 

This area will be LOWLY affected by the Industry 4.0 changes in terms of skills.  

• This area gains in complexity as the same level that the company does it.  It will 

be necessary to develop skills mainly related to multiculturalism management 

and conflict resolution, as well as expanding knowledge about labor law in 

different markets.  

• In addition, the day-to-day management of people is complicated by the fact that 

the company must have talented people. Therefore, everything related to the 

development of this talent in the organization is of great importance in the area. 

Topics such as competence management, individualized development plans, 

performance evaluation systems and knowledge management itself become key 

in the company, so it will be important to develop skills and knowledge in them. 

• On the other hand, society's own tendencies that mark a progressive aging of 

developed countries will also require the development of skills related to 

attracting and retaining new talent. On many occasions, the HR area ends up 

being transformed into an HR marketing area, making it necessary to increase 

knowledge related to communication, not only internally, but also externally. 

• Finally, the HR area will also be one of the most active in the development of the 

productive implantation in new markets, so its alignment with the company's 

strategy must be total, being necessary a greater development of the strategic 

capacities within the area. 

 

Most important skills on this area 2025: 

 

• Multiculturalism management 

• Conflict resolution 

• Legal and market legislation 

• Competency based management 

• Knowledge management 

• Talent attraction  

• Strategic vision 
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COMMERCIAL AREA 

 

The commercial area is directly responsible for customer relations and the achievement 

of sales targets which are the main source of income for companies. 

 

Most important skills or this area today: 

 

• Market knowledge 

• Interpersonal Skills 

• Languages 

• Product Knowledge 

 

Evolution of the area for 2025: 

 

This area will be MEDIUMLY affected by the Industry 4.0 changes in terms of skills.  

• The area, will have to increase its knowledge of the new markets, as well as of 

the potential new clients. The increase in skills related to competitive 

intelligence and market analysis, as well as all interpersonal skills gain weight, 

but the latter with the particularity of needing to include the multicultural factor 

to them. 

• On the other hand, in the purchasing area, the development of suppliers is 

especially important. This area gains importance in the multicultural factor 

applied to interpersonal skills as well as the development of language skills. 

• On the other hand, both from a commercial and a purchasing point of view, the 

knowledge of the product and the company's processes acquires greater 

importance, especially in everything related to new developments and the 

implementation of new processes.  

• Finally, the competencies related to the customer, as well as those related to the 

strategic vision, will have to be further developed.  

 

Most important skills on this area 2025: 

 

• Knowledge of new markets: Competitive intelligence and Market analysis 

• Management of multiculturalism  

• Suppy Chain Management  

• Suppliers development 

• Knowledge of languages 

• Development of skills liked to multidisciplinary teams 
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PRODUCTION AREA  

 

Area where the production of the goods is carried out. 

 

Most important skills or this area today: 

 

• Process Knowledge 

• Product Knowledge 

• Organisation of the productive environment 

• Quality tools 

 

 

Evolution of the area for 2025: 

 

This area will be HIGHLY affected by the Industry 4.0 changes in terms of skills.  

• The emergence of new production processes to work with new materials, or in 

a different way, makes the department, from the director to the operator, 

including maintenance, etc., needed to know these new processes. 

• In addition, the trends closely related to flexibility, as well as those related to 

advanced manufacturing or Industry 4.0 do not only change the way in which the 

product is made, but also the way in which the factory works, which implies a 

necessary development of skills in areas such as intelligent product, 

mechatronics and even digital simulation tools. To this must be added the need 

to develop knowledge in new strategies and production management tools, 

going hand in hand with the use of data mining tools and Big data and knowledge 

linked to Lean 2.0. 

• The knowledge of industrial robotics is also of great importance in the area, both 

from a planning point of view, as well as from the maintenance and own use of 

the same. 

• On the other hand, at the level of production management, concepts such as the 

extended factory are gaining importance, with which it will be necessary to 

increase the knowledge of the value chain itself, as well as the management of 

partnerships and alliances, from a productive point of view, and the customer 

focus. 

• Finally, the area will need to be more involved in improving the company's 

energy efficiency, which will require greater knowledge of energy efficiency 

tools, as well as of energy management regulations and mechanisms. 

 

Most important skills on this area 2025: 

 

• New processes knowledge 
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• New materials knowledge 

• Lean 2.0 

• Mechatronics 

• Robotics 

• Data mining 

• Big data 

• Efficiency in plant 

• Value chain management 
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1. The italian Cluster Innovazione Automotive e 

Metalmeccanica 

 

1.1 The italian cluster IAM  

 

The automotive industry is a key sector for the European economy, which offers over 

12 million jobs. It is essential for the production system. There are 2,700 companies 

in Italy, around one million employees. 

In Abruzzo region, the Automotive sector is made up of a group of globalized 

companies, both Large and Small and Medium-sized Companies, operating in the 

automotive and mechanical sector. In addition to vehicle manufacturers, the supply 

chain includes components and engineering. 

In economic terms, the automotive business system employs around 30,000 people, 

including 25,000 in the province of Chieti, the place of IAM S.c.a r.l.. The turnover is 

8 billion euros and represents more than 55% of the exports of the Abruzzo Region, 

plus 15% of the GDP of the Industry of the Abruzzo region. 

The Automotive ecosystem represents the 'engine' of development and research in 

the regional economy. 

In this context, the Automotive Innovation Program was implemented. The aim of the 

program is to develop an automotive system relating to light commercial and 

professional vehicles (two / four wheels for people and goods), capable of 

strengthening and consolidating the supply chain to improve competitiveness and to 

encourage the roots of large, highly internationalized companies in terms of: 

• product innovation and flexibility; 

• system and related manufacturing processes; 

• product quality. 

The program aims to: 

• increase competences and improve the development of knowledge in the 

automotive and metalworking industries; 

• support development of the ecosystem by integrating research and 

development of innovative solutions, training and corporate culture; 
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• promote interaction between the actors of the production chain and synergy 

between the different industrial sectors. 

 

The Automotive Innovation Pole of Abruzzo, managed by IAM S.C.a r.l. is a network 

of globalized companies - large industry, small and medium-sized enterprises - 

universities and research centers operating in the automotive and mechatronics 

ecosystem. 

Today the Polo has about 60 associated organizations - among them FCA, Honda, 

Denso Manufacturing, Isringhausen, Pilkington, Tecnomatic and IMM Hydraulics,  

and it is oriented in particular to light commercial and professional vehicles for the 

transport of people and things. 

 

 

 

The Automotive Innvoation Polo is based in Santa Maria Imbaro, in the Val di Sangro, 

the Automotive & Mechatronic Valley of Italy, capable of concentrating cutting-edge 

skills in research and constant innovation. 
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The Polo's mission is to encourage interactions between economic entities and 

institutions to contribute to the development of research-innovation, new 

technologies, circulation of knowledge, networking and dissemination of information. 

The focus of the activity of the Polo is the smart specialization strategy, oriented to 

commercial and professional vehicles (two / four, people and goods transport), to 

create a freight transport system - mainly oriented to the last mile - intelligent, 

integrated and ecological, capable of strengthen and consolidate the supply chain, to 

improve competitiveness and encourage the rooting of large companies. 

The heart of the project is Abruzzo, where many of our partners are located, but the 

challenge is to increase the competitiveness of the Abruzzo-Italy-Europe-World 

system. 

The Polo has already activated partnerships at national, European and international 

level. 

A very important challenge that the cluster intends to face concerns the organization 

model of the supply chain: the intend is to move from dependence to cooperation with 

the assumption of responsibility and the participation of companies in the automotive 

ecosystem, workers, the training system and institutions. 

In this challenge it is crucial to increase skills and improve the dissemination of 

knowledge in the automotive and metalworking industries. 

 

 

1.2 Description of the Companies 

With respect to size, the companies belonging to the IAM cluster are distributed as 

follows: 

• Large companies 36% 

• Medium Business 18% 

• Small businesses 45% 

97% of the turnover is generated by large companies, only 1% is generated by small 

companies. Most of the turnover is generated by the market of the first plant, only 

25% is a turnover of the spare / aftermarket. 

In addition to being producers, there are two large customers in the cluster who are 

leading companies in their respective supply chains: FCA and HONDA. Four-wheeler 
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turnover is generated for 40% towards FCA, two-wheeler turnover is generated for 

HONDA. 

These companies operate in various sectors of the automotive supply chain. Almost 

half (48%) operate in the vehicle and component manufacturing sector, 1/3 in the 

mechatronics sector, 12% operate in the chemical sector of plastic materials and 

rubbers. The remainder is made up of steel companies specializing in metal 

treatment, some small ICT companies. 

Regarding the level of qualification, 10% of companies use graduate personnel in a 

percentage higher than 50%. Over 1/3 of companies involve percentages of 

graduates below 4%. In almost half of companies, on average 1 in 6 workers have a 

degree. 

 

 1.3 Level of Innovation  

The cluster companies promoted both product and process and organizational 

innovations. 

25% of companies have implemented product innovation projects. Over 3/4 of them 

carried out these projects internally, in some cases in collaboration with other 

companies. Almost half of the companies also carried out innovation projects with the 

support of other organizations (eg universities). This last form has been strongly 

promoted and facilitated by the IAM Consortium. 

The commitment to process innovation has been greater, almost 90% of companies 

have implemented at least one project, almost exclusively internally, without the 

support of other institutions. Half of them made these innovations in collaboration with 

other companies. 

However, not many companies have joined or promoted forms of aggregation with 

other companies. Only 8% of businesses have joined a network of businesses, a 

consortium. However, all companies are already part of the IAM Consortium. 
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2. Where we are? Implementation of „industry 4.0“ in the 

sector in the region. 

2.1 Current technologies in the sector  

The companies in the IAM cluster, as already mentioned, have developed several 

innovation projects, many of them have focused more on the process or organization, 

many of them on the product or both. 

The drivers from which the innovations originated are mainly concentrated on the 

following topics: 

- Electric and hybrid engines and powertrains; 

- New materials; 

- Vehicle connected. 

However, only 20% of companies have invested in new technological trends, 

accessing the benefits expected by the Italian government for the 4.0 transformation. 

These investments were made mainly by large companies, those that make 97% of 

turnover. This explains, as will be seen later, the differentiated level of perceptions of 

companies with respect to the 4.0 transformation. 

 

Businesses find limits and risks in the 4.0 transformation that partially slow down their 

evolution. These are mainly attributable to: 

- High cost of the initiative (investments); 

- Difficulties to get availability of ready human resources; 

- Low propensity of internal or external actors to exchange information. 

The management of a large panel of IAM automotive companies was involved first 

through in-depth interviews and then participated in thesis workshops to promote a 

collective reflection and dialogue on a future vision of the cluster, focusing mainly on 

the product and its innovation, on the process and technologies and, finally, on the 

implications in terms of skills and job profiles. 
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2.2 Identification of technologies not currently used but considered important 
for the future 

The systemic reflection obviously confirmed a significant degree of differentiation 

There are companies in which the 4.0 transformation process is in an embryonic state; 

the priority is still to push the use of current technologies to the maximum, exploiting 

all the deployable potential. 

In other companies, the transformation is at an advanced stage, different types of 

projects have been implemented that can be traced back to the following 

technological trends: 

- simulated virtual reality process; 

- advanced manufacturing; 

- industrial IoT; 

- industrial analytics. 

 

Other companies are instead in a condition of first approach to transformation 4.0, 

their pilot projects are focused more on cybersecurity. It is absolutely necessary to 

create the conditions that guarantee maximum security in the interconnection that is 

created so that unauthorized subjects cannot connect. 

Some recently born companies have already been conceived 4.0, therefore they 

constitute an advanced tip which, in a collaborative vision, could also constitute a 

mentoring function towards the less advanced ones. 

The 4.0 transformation is not free from critical issues which in some cases risk calling 

into question the benefits. 

A very important open topic is that the mindset of the staff is not always available to 

change. Companies express a difficulty in involving some professional profiles such 

as line supervisors or middle management. Paradoxically, skilled workers seem more 

open and willing to change their work. There is big difficulty in imagining, perhaps 

collectively, how to develop the new and necessary "people eco-system". This 

represents a challenge on which the future of the cluster could depend. 
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3. Where do we want to go? Automotive cluster strategy in  

strategy in Abruzzo 

3.1 Identification of technologies not currently used but considered important 
for the future  

The panel of managers involved in the development of the cluster roadmap 

technology in Italy also worked on the layer of technologies. These are highly 

influenced by leading companies such as FCA, Honda, Denso whose adoption in 

many cases, not always, could have implications for the entire supply chain. 

The technologies that will be widely used in the future are: 

• Extreme simulation: 

° 3D digitalization 

° Virtual reality for ergonomic analyzes 

° Product Design and Virtual Assessment: digitalized integration of new 

materials and technologies 

• Advanced Manufacturing Solutions 

° Operator Terminal 

° Intelligent HMI (Human Machine Interface) 

° Plant Maintenance Mobile HMI (Human Machine Interface) 

° Collaborative robots and exoskeletons: launch of pilot projects 

• Industrial Internet & IoTsolutions 

° Management of Predictive Maintenance 

° Safety & Security: location of personnel working in risk areas via RFID 

(IoTbased) devices 

° Energy Losses: optimization of energy consumption based on detection 

by sensors (IoTbased) 

° Telecommunication infrastructures based on innovative connectivity 

models based on LTE technology, applied to IoT data exchanges 

• Artificial Intelligence in the production processes 
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3.2  Level of vertical and horizontal integration  

For some time now, companies have started vertical and horizontal integration 

processes. This creates the best conditions for total 4.0 interconnection. 

As regards the vertical integrations, different transformations have been carried out. 

The main ones are the following: 

- Production systems increasingly integrated and monitored. From proactive 

involvement of maintenance to realtime data of production efficiency for decision-

making choices, from external to internal logistics, having data and information 

that cross the company vertically with speed, details and effective and efficient 

methods in addition to traceability and quality data that follow the product 

throughout the entire production process. 

- Integration in Production planning, in Warehouse Management, in Manufacturing 

Processes with Process parameters managed remotely (remote monitoring / 

control) and involvement from operator up to PLM and Production Statistics 

- Data-driven product design for the evaluation / development of the integrated 

product; 

- Simulations, prototyping, intelligent energy consumption, real-time optimization, 

automation, human-robot collaboration, predictive maintenance, augmented 

reality for maintenance, 

- Logistics connected in real time to production; 

 

As regards the horizontal integrations, different transformations have been carried 

out. The main ones are the following: 

- Integration and sharing of systems and data with the supply chain through cloud 

solutions that allow improvements for planning, logistics and quality management; 

- Advanced data sharing systems with customer or stakeholder; 

- Warehouse visibility to suppliers; 

- Print input documentation according to standards. 
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3. How can we get there? Identification of cross skills and 

job profiles for the automotive cluster in Abruzzo  

 

4.1 Identification job profiles and associated competences  

The managers of the companies involved contributed to defining detail also with 

respect to the skills needs, in particular by focusing on new and existing job profiles. 

They identified the distinctive competences of the new job profiles and those of the 

job profiles to be updated. They answered the following questions: 

- What are the new job profiles that will be needed? The three distinctive 

competences have been identified for each of them. 

- What are the main job profiles currently operating in companies that need to be 

updated? For each of them, the three new distinctive competences have been 

identified. 

 

With regard to the new job profiles, 10 have been identified and they are as follows: 

1. 1 Expert simulator of new production processes 

2 IT 4.0 maintenance technician 

3 Mechatronic 

4 IT Engineer 

5 Data management legal manager 

6 Data scientist 

7 Data scientist / staff + line + business 

8 Big data analyst 

9 Business Unit Intelligences 

10 Manager responsible for R&D 
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Below is the range of new job profiles that emerged with the skills highlighted: 

New job profiles Three distinctive competences 

Expert simulator of new 
production processes 

Modeling processes  
 

Simulating 
workstations 
work 

Optimizing processes 

Manteiner IT 4.0 
Perform BDM / TBM / CBM maintenance on information and information 
systems 

Mechatronic 
Analyze transversal 
faults (mechanical / 
electrical)  

Transmit data  
Make continuous 
improvement 

IT Engineer 
Manage local data 
warehouses  

Restore network / 
systems  

Analyze digital process 
KPI 

Legal responsible “data 
management” 

Manage personal data 
- privacy  

Manage data in 
accordance with 
international 
standards  

Manage smart work 

Data scientist 
Define statistical models for data 
processing  

Get insights from the data 

Data scientist/staff + line 
+ business 

Manage / Maintain Big 
Data  

Develop a business 
vision and ability to 
influence it  

Telling the numbers 

Big data analyst 
Statistically manage and analyze 
data 4.0  

Use applications for data analysis 

Intelligence Business 
Unit 

Intelligence on the business unit / corporate body by defining: 

- KPI - Budget - Strategy 

R&D Manager 
responsible  

Manage resercher PhD Activate industrial research projects 
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As for the job profiles currently used which, if updated, can retain their usefulness in 

the future, 14 have been identified: 

1 Maintenance 

2 conductors / 

3 maintainers 

4 Head of maintenance 

5 Operator 

6 Line operator / conductor 

7 Logistic operator 

8 Corporate IoT employee 

9 Team leader 

10 Supervisor 

11 IT specialist (cyber security) 

12 Designer (software) 

13 All Middle Management resources 

14 Process Engineer 

For each of them, the details of the distinctive competences to be integrated into the 

current job profiles are reported. 
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Actual  job profiles Three distinctive competences 

Manteiner  

Use devices  
 

Perform detailed 
analysis  
 

Solve 
problem
s  
 

Carry out electrical 
measurements 
 

Manage the 
industrial 
network (both 
HW and SW)  

Make continuous 
improvement  

Read and analyze data 
to correct anomalies 

Conductors / Manteiners 
 

Perform 
programming 
quickly  

Search for electronic faults  
Connect systems of 
different generations 

Manteiner reponsible  Delegate  Share  
Manage 
knowledge at 
team level  

Manage data 

Operator 
Operatively 
manage the 
machine  

Solve problems  
Communicate 
objectively 

Line Operator / conductor  
Recognize the 
machine signals  

Read and interpret the 
diagnostic input data of the 
machine / pieces produced 

Use smart devices to 
communicate in real 
time 

Logistic operator  
Manage logistics IT 
processes.  

Be multifunctional in logistics processes 

Entreprise IoT responsible 

Operate with 
internal 
customer 
orientation  

Operate with creativity  Operate with proactivity 

Team leader Interact with process control systems 

Supervisor 
Computer 
literacy  

Solving problems  Planning 

IT specialist  
(cyber security) 

Ensure equipment / data 
security  

Manage / reduce system vulnerability 

Software designer Design a software structure  
Integrate software and hardware 
systems 

All Middle Management 
resources 

Using devices  Solve first level bugs / anomalies 

Process Engineer Improve the functioning of the machines 
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1. Project objectives 

The overall objective of the project was to develop OERs that allow the development of skilled 

worker’s competences 4.0 and the competitiveness of European automotive ecosystem 

companies. 

The specific objectives was:: 

1. Developed and tested a method that clarify and describe in detail the "key skills" and job 

profile 4.0 that will be used by the automotive cluster companies involved; 

2. defined by skilled workers conscious choices of re-training and career; 

3. created OERs capable of promoting the development of key skills by employees, strategic 

compared to Industry 4.0 transformation of the involved supply or value chains. 

 

 

2. The intellectual output 1 

 

The project aims to solve an emerging problem in an innovative way and with new tools. The 

emerging problem is: Industry4.0 transformation is led by technology but several skill-needs are 

unknown. That pushed us towards a new objective: testing the use of technology roadmap, a tool 

(usually used in order to plan technology) to plan also skill-needs. The project verified if this tool 

and its method are suitable to anticipate skill-needs and new job profiles in a “systemic view”. It is 
very important to “face” the horizon established by 4.0 perspective considering "simultaneously" 
the different dimension involved (product, market, organization, technology, competences, etc). 

Moreover the project aims to explore if, in addition to core (technical) competences, there are 

other competences that all workers have to implement. We named these competences as “cross 
skills”.  
In the intellectual output n.2 we focused on supporting skilled workers in implementing these 

cross skills.   

 

 

 

3. What is technology roadmap1 

Technology roadmapping represents a powerful technique for supporting technology 

management and planning in the company. Roadmapping has been widely adopted inindustry. 

 

Roadmaps can take various forms, but the most common approach is encapsulated inthe generic 

form proposed by EIRMA2 - see Fig. 1. The generic roadmap is atime-based chart, comprising a 

number of layers that typically include both commercialand technological perspectives. The 

                                                 
1 The paragraph include parts of the important article wrote by PHAAL R.- FARRUKH CLARE J.P., PROBERT DAVID R., 

Technology roadmapping—A planning framework for evolution and revolution, Department of Engineering, University 

of Cambridge, Mill Lane, Cambridge, CB2 1RX, UK Received 9 May 2003; received in revised form 20 May 2003; 

accepted 26 May 2003 
2 EIRMA, Technology roadmapping: delivering business vision, European Industrial Research Association, Paris, 1997 
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roadmap enables the evolution of markets,products and technologies to be explored, together 

with the linkages between thevarious perspectives. 

 

 

Fig. 1 
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A technology roadmap, supports technology strategy and planning. These maps can take various 

forms, but generally comprise a time-based chart, together with a number of layers, which provide 

a means to link technology and other resources to future products, as well as to business 

objectives and milestones. The technology roadmap is a planning tool that can be used to support 

the development and implementation of strategy and plans, as well as communication of the plan. 

"Technology management addresses the effective identification, selection, acquisition, 

development, exploitation and protection of technologies (product, process and infrastructural) 

needed to maintain [and grow] a market position and business performance in accordance with 

the company’s objectives". 
There are several key characteristics that mark technology roadmapping. First, it is generally 

driven by "market pull", which means the technological innovations needed if companies are to 

serve anticipated future markets. Except for rare instances — such as the Fuel Cells Roadmap 

where the technology was already determined — roadmapping is notdriven by "technology push", 

which means what can be done with the existing stock of technologies. Second, roadmapping 

builds on a vision of where a company or industry wishes to go and what technologies, and the 

skills to utilize those technologies, are needed to get there. Third, it provides a route for achieving 

the vision by helping companies or organizations identify, select and develop the technology 

alternatives that are needed to create the right products for future markets. The roadmap 

document resulting from the technology roadmapping process is the first step toward 

technological innovation. It identifies a vision of future market demand and maps out alternative 
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technological products and processes to satisfy this demand. The process of producing a roadmap 

should be designed to bring together all stakeholders in order to develop this shared vision and 

map out the necessary technologies to achieve it. Once this is completed, the recommendations 

found in the roadmap have to be implemented. 

 

The T-Plan (technology plan) procedure is intented for application at the firm or supply/value 

chain level3, primarily in support of product planning activities, to ensure that technology decisions 

and devolopments are aligned with product plans, and that the product plans fit with the business 

and customer needs. While the primary focus is on products and technologies, the approach is 

flexible and other roadmap layers can be readily accomodated, including services, manufacturing 

processess and other business systems, together with competence development, finance 

requirements, R&D programmes, partnership development, etc. 

 

 

 

4.  Why we want to test technology roadmap to find competences 

(link with IO1) 

As we mentioned above, Industry 4.0. transformation has some unknown points: 

- What are competences needed for running the 4.0 transformation? 

- Once the transformation is done, which competences will be needed? 

Here we used the word “competence” in a generic meaning; in the project we made a distinction 

between competences and job profiles. 

We tested the technology roadmap because it is a tool useful to plan the technology the planning 

of product. Indeed we believe that the technology roadmap could be very useful in order to plan 

the need of competences precisely linked to the different steps of development of the technology. 

We think that in the future companies have to carefully plan their need of new competences. 

Nowadays we need to use those tools taking into the account the emerging complexity of our era: 

as speedy and size of changes requested to companies and to people who want to keep or 

increase their competitiveness.  AUTO 4.0 project tested in Italy this new tool and verified its 

effectiveness.  

 

 

5. Technology roadmap Methodology 4 

 

a) Preliminary information to organise the technology roadmap 

Useful existing information should be identified and brought along to the workshops if 

appropriate, such as vision, strategic plans, market intelligence, product specifications, technology 

reports and skills databases. The best way to utilise this information should be considered, 

                                                 
3 The “Supply/value chain level” has been an experiment/test of the AUTO 4.0 project 
4 The Technology Roadmap methodology has been extracted from PHAAL, R., Technology Roadmapping, Centre for 

Technology Management, University of Cambridge, United Kingdom, 1999 
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particularly in terms of planning and pre-workshop tasks. Information about product families or 

components and technology or skill areas can be used to define the structure of the roadmap. The 

format and content of the workshopd may depend on what information is available and where 

there are gaps in knowledge. It should noted the use of ectensive documented information is not 

easy to manage within the workshop enviroment and should generally be avoided. 

 

A process flowchart (based on agenda) is helpful, for design purposes, and also to remind 

participants how each activity contributes to the aims of the workshops. It is also helpful to 

annotate a copy of the agenda with facilitation notes, including contingengy plans. 

 

Workshope should be scheduled, depending on availability of participants. The standard T-Plan 

process comprises four day workshops (Fig. 2). The timing or workshops is flexible; they can 

occuour over an intensive period of two days, or be spread out over a month (the ideal is one per 

week), or any other arrangement depending on availability of participants. It is desiderable to 

have sufficient time between workshops to enable information to be gathered and for review and 

planning meetings, involving the facilitator, business owner and other relevant people. The 

location chosen for the workshops should be suitable in terms of comfort and space (in particular, 

make surethei is sufficient wall space to put up flipchart sheets). 

 

Fig. 2 

 
T-Plan: standard process steps, showing linked analysis grids 

 

A briefing note should be sent to all participants prior to the firt workshop, setting out the 

background to roadmapping, the business obijectives, any preparation that is required, together 

with workshop schedule and agenda.  
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In AUTO 4.0 there was a specific activity called “Collection and processing of information on 

automotive technology future scenarios of our activity plan. In this activity documents and 

information on future technologies and evolution of automotive needs have been collected. 

Important information about market drivers, business drivers and product performances connected 

with a supply chain or with a group of automotive companies of the clusters involved. Other 

important information were about the evolution of technologies. It was been very useful to explore 

the technology foresights done by some European Technology Platforms. The project partners 

asked to involve companies to search these information and helped them. Without the availability 

of these information wasn't been possible to develop the technology roadmap. 
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6. The process 

 

The standard process is designed for supporting integrated product planning, incorporating both 

market and technology considerations, as well as competencies. 

The process can be applied to product families or particular products. The standard process is 

based on a series of facilitated workshops: 

 

1. Workshop 1 - Market 
Dimensions of product performance are considered, market (external) and business (internal) 

drivers identified, grouped and prioritized for different market segments. The strategic context is 

considered and key knowledge gaps are identified. 

 

What are the performance dimensions: these are aspects of product funcionality and performance 

that are, or may be, important to the customer or business, and which technology, defined broadly 

as «know how», can delivery. Ex: speed, size, ease of use and reliability… 

The main activities are: 

- dialogue on «performance dimensions» 

- order for affinity groups (optional) 

- note the «key dimensions» 

- consider quantitative and qualitative dimensions; 

- you can include "views" on the market, on the product or on the technology; 

- the "key" dimensions are those that stand out for having a high potential value for the 

customer or for the attractiveness of the company. 

 

What are market and business drivers? The "external" (customer) and "internal" (company) 

business drivers reflect the client and the company motivation, the needs and the underlying 

benefits. Ex: External (market): cost of ownership, legislation, productivity. 

Internal: cost, time to market (higher level: profit, growth, etc.) 

The main activities are: 

- dialogue on market drivers (customer); 

- dialogue on business drivers (company); 

- order for affinity groups (max 10); 

- map linkage to performance dimensions (optional); 

- it is a "higher level" from the dimensions of the performances; 

- consider the trends and drivers that affect key customers and competitors; 

- drivers may vary with time and/or sector; 

- consider strategic (business) goals. 

 

How to obtain the segmentation and priorization? 

The main activities are: 

- identify and priorize market segments; 

- giving the priority to market drivers (1-10); 

- give priority to business drivers (1-10); 

- Consider key customers; 
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- Priority setting can vary over time and in the segment, should include value for both the 

customer and the company; 

- Consider "urgency", including the needs of clients and companies, legislative and 

competition activities. 

 

The analysis of the competitive framework need the following activities: 

- identify the competitors 

- discuss the competitive position 

- Focus on market segments and the most important competitors; 

- What are the "strengths and weaknesses" of the competitors? 

- What are the strategic implications for the business, products and technologies? 

 

Finally identificate the gaps. The main activities are: 

- identidentify the "key lacune" in the current knowledge and areas where further work is 

needed. 

- Consider market, competition, key customers and legislation; 

- Consider high-level social, technological, environmental, economic and political factors 

(PESTEL); 

- Consider sources of information and the mechanisms to fill in the gaps. 

 

 

2. Workshop 2 - Product 
Product feature concepts are identified, grouped and their impact on market and business drivers 

assessed. Alternative product development strategies are considered and key knowledge gaps 

identified. 

What are the product features (functionality)? These are characteristics or key product/service 

concepts with the potential to address the market and company drivers. 

Examples: modular, easy to install, the lowest cost of ownership, etc. 

The main activities are: 

- dialogue on the products/services features 

- order for affinity groups (max 10) 

- risk rate/complexity/commitment for product characteristics concepts (optional) 

- identify synergy areas with current products and technologies (optional) 

- maps links to performance dimensions (optional) 

- Consider the differences in yield/efficiency 

- Think about the future content of the product brochure 

- Reuse of: architecture; technology; knowledge; code 

 

To evalutate the impact of product features (functionality) we need to develop the following 

activities: 

- for each product feature concept in turn, row-by-row, rank the impact on each 

markt/business driver in turn in terms of the «potential for satisfying the driver». 

- use of triple, double and single ticks and corsses is a good way of capturing high , medium 

and low ranking scores. 

- identify key product features that have high impact across multiple dirvers (optional) 

- impact is defined in terms of "potential to satisfy the driver" 
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- use "x" if the impact is negative 

- cross impact grids can be used to explore dependencies 

 

It is very important to define a product strategy. We need to ask: 

- which alternative "product strategies" could meet the market driver range and business in 

the future? 

- platforms? evolution? 

Some examples might be: low cost options compared to high costs. 

Remember that drivers can change over time and may depend on the market segment. A product 

platform is the collection of resources shared by a set of products: components, processes, 

knowledge, people and relationships. 

 

Finally identificate the gaps. The main activities is to identify the "key lacune" in the current 

knowledge and areas where further work is needed. 

Ex: customer requirements 

Consider sources of information and the mechanisms to fill in the gaps. 

 

 

  

3. Workshop 3 - Technologies 
Alternative technology options are identified, they are grouped, impacts on product characteristics 

are assessed and key knowledge gaps are identified. The data collected in workshops 1, 2 and 3 

define two interconnected analysis grids that provide a mechanism to embrace the roadmap 

layers and allow to prioritize and rank product features and technological solutions. 

(add that skills and job profiles are identified here) 

 

What are the technology responses? Potential technological solutions able to provide the desired 

characteristics of the product / service, grouped into areas. 

Eg intelligent control, laser cutting and junction 

The main activities are: 

- for every functionality of the product, at turn, you can find the possible technological 

solutions 

- identify key technology areas that have high impact across multiple product features (max 

10) 

- identify other key resources (optional) 

- maps connections to performance assessment (optional) 

- Consider technological problems, constraints and challenges; 

- Technological areas can be existing areas, programs, platforms or skills; 

- Consider the technological solutions of components, design, production, information, 

process, "hard" and "soft" 

- Other resources include skills, competencies, alliances, knowledge, capital investments 

 

How to evalutate the impact of technology areas? The main activities are: 

- for each capacity/technological solution (or area), in turn, row-by-row, rank the “impact” 
on each product feature, in terms of the “potential for delivering product performance” 
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- use of triple, double and single ticks and corsses is a good way of capturing high , medium 

and low ranking scores. 

- identify key technological features that have a high impact on more functionality (synergy) 

(optional) 

- The impact is defined as the "potential to satisfy the driver" 

- Use "X" if the impact is negative 

- Cross Impact grids can be used to explore dependencies 

 

Finally identificate the gaps. The main activities are: 

- identify the "key lacune" in the current knowledge and areas where further work is 

needed. 

- Consider the risk, uncertainty, maturity, development time, skills, skills, knowledge; 

- Consider the activity / competences of competitors and suppliers; 

- Consider sources of information and the mechanisms to fill in the gaps. 

 

4. Workshop 4 - Charting 
Market, product and technology aspects + skills related to the business are brought together in a 

roadmap. Milestones are identified, the evolution of the product is traced and appropriate 

technology and skill responses are considered. Key knowledge gaps are identified and the next 

steps are considered. 

 

How to define the chart? The main activities are: 

- define focus and time-base of roadmap (1.e. product evolution strategy) 

- chart drivers, trends and known market triggers (steepi, strategic milestones, legislative 

events, competitors activity, ecc.) 

- chart future product evolution, referring to key product feature areas (vision) 

- chart preferred technological response/solution strategy referring to key technology areas 

- chart evolution of the other key resources (skills, knowledge, alliances, investment) 

- draw linkages between market, product and technology elements 

- note assocaited issues/queries/ideas on map 

 

Finally identificate the gaps/way forward. The main activities are: 

- identify key «gaps» in current knowledge 

- consider how best to «roll-out» the process 

- Consider market, product and technology aspects and key challenges; 

- Consider sources of information and the mechanisms for filling gaps 

- What should the TRM (Technology RoadMap) look like? What key information should it 

convey? 

- What are the success factors and potential barriers for TRM process development: - first 

implementation and as an ongoing process? 

- Benefits / Problems with the TRM process / approach? 

- Next steps? 

 

The time between the workshops provides an opportunity to gather information, to take actions 

identified in previous workshops and to prepare for the next workshop. Coordinated meetings 
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should be organized to review progress (progress), involving at least one facilitator and one 

owner. 

 

 

7. How we individuated competence needs?  

With regard the last layer (resources), we payed attention and work only on “competences” (here 

we mean both competences and job profiles). This was been an innovation on the traditional use 

of the tool Technology Roadmap. 

We believe that:  

• the introduction of a new technology in a production process modifies tasks expected in 

the process itself; 

• the introduction of a new technology in the product modifies tasks expected in the 

production/assembly. 

 

In the third layer the team identified a set of technological solutions linked with the product 

feautures evolution, with business drivers evolution and with market drivers evolution.  

 

To identify competences needed by companies, for each technological solution the asked the 

following list of question: 

-  What the competences worker has to do here? 

-  What the skilled worker should be able to do here but today he is not able to do? 

-  What he has to know? 

-  What should he be able to do? 

-  Which attitude or organisational behaviour is requested to him? 

This list of questions was aimed to explore needs of the different components of competences 

(knowledge, being able to do, being able to be). We done that just when the Technology Roadmap 

was ended, as a method to describe skills and job profiles.  

In the process of identification of competences, we identified: 

- First of all the areas of competences and job profiles (during the workshop of 

Technology Roadmap) 

-  Then specific competences (in successive work-sessions to be organised with HR 

manager).   

 

 

Example of areas of competences: 

To be able to do maintenance work by using a software xy and a specific device (tablet) 

 

Example of specific competence: 

To be able to modify the correct programme of ordinary maintenance 

To be able to understand specific mistakes from the software/device 

 

Example of new job profile: 

Multi-system technician maintenance 
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We put all information on post-it (area of competence or job profile) and setted them aligned with 

the technological solution connected with indicated competences or job profiles. 

What we identified? 

a) Groups of competences that update existing job profiles of current skilled workers 

b) Groups of competences that set new job profiles of future skilled workers 

c) Groups of competences that set new job profiles of future managers 

 

We recorded everything, also potential competences/job profiles addressed to management 

categories. In AUTO 4.0 project we worked on implementing OERs and on training/retraining only 

competences of skilled workers.  

 

 

 

8. The roadmap in Denso Manufacturing Italia SpA  

 

In Italy the partners tested the Technology Roadmap with a big manufacturing company, Denso 

Manufacturing Italia. They are a leading provider of advanced technologies, systems and 

components to the automotive industry for leading automakers. They have plant with an high 

level of automation.  

The applicant, IAM, and the partner ilmiolavoro srl proposed to the company to test the 

methodology. A manager of Denso Manufacturing Italia participated for an half day to the first 

project learning activity conducted by an external provider selected through an open comparative 

procedure, Galgano Value Strategy from Milan (IT). In this way she knew the power of the 

methodology to explore the future skill need connected with the 4.0 perspective. They are facing a 

transition phase in their products and in their production system.  

The technology roadmap process implemented was adaptated to the specific needs of the project. 

In fact the purpose was to adapt the usual technology roadmap process to the project objectives 

to find out the 4.0 new skill needs and new job profile needs. Furthmore little time available 

impacted on the Technology Roadmap test. It was partly developed, only some of the emerged 

themes was focalized. 

The main chages are connected with the types of layers considerated: 

- Vision milestones; 

- Useful Activities to realize the vision; 

- Job profiles; 

- Competences. 

 

Working on the layer called activity we analyzed in depht the technology theme. 

However we found useful information about the worth of Technology Roadmap as a useful tool to 

find out the 4.0 competence needs at company and supply chain level. 
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Preliminary work 
During a preliminary workshop the partner ilmiolavoro with the technical support of the training 

provider Galgano Value Strategy, Mr Daniele Roscioli and Mr Andrea Buonaspeme, asked to Denso 

Manufacturing Italia management to esplore useful existing information such as vision, strategic 

plans, market intelligence, product specifications, technology reports and skills databases. They 

showed an important documents about a new vision 2030 designed by the japanese management 

at corporate level.  

They choosed to work reflecting on the technology roadmap that might move Denso 

Manufacturing Italy from the current situation to the vision 2030, focalizing on the theme of the 

transition 4.0 and on it’s impact on the competences and job profiles. 
The team of participant managers decided to acquire useful information about future scenario of 

the product, the market, the technology.  

Below you find the description of the Technology Roadmap process developed in Denso 

Manufacturing. Some emerged strategic information have been modified or encrypted. In this way 

Denso Manufacturing authorized the project partners di disseminate this project output. 

 

 

Workshop 1 
The roadmap development path was inspired and triggered by the 2030 vision defined by Denso 

Japan. 

This Denso 2030 vision has been declined by the working group in the following components that 

we co-designed as "milestones". 

The milestones are: 

 

ECO SUSTAINABILITY derived from: 

- Environment, respect and attention to the environment 

- Sustainability 

- Zero emissions and zero impact sites 

HC derived from: 

- Safety on HC roads 

- Autonomous driving comfort 

- Global car sharing for environmental purposes 

- Improve safety 

- Disability> social impact 

- Improved driving safety 

- Safety and zero injuries 

- Job security 

- End-to-end security process 

READY FOR CHANGE 

- Anticipate change 

- Fast response to changes 

- New roles and skills 

- Grande Mind - self learning - self-evolving 

- Don’t afraid of future - self action 

- Awareness-attention 

GLOBAL TECHNOLOGICAL PLATFORM 
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- Single platform 

- New technologies applied to the way of working 

- Introducing new technologies 

- Automate what is not automated today 

- Integrated systems security (total) 

- Blockchain - better product traceability 

HARMONIOUS 

- Human capital - interaction with technology 

- Happiness - comfort, flexible mobility 

AVAILABLE TO GENERATE NEW VALUE 

- Value - Conquer new fields and apply to different businesses 

- Innovative products 

- Increase turnover 

- Competitors - market share 

 

Fig. 3 Some milestones for Vision 2030 
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A Denso 2021 vision has been developed with the following "milestones": 

READY FOR CHANGE 

- Mentality (awareness of change) 

- Sense of belonging-awareness of the role 

- Change of mentality 

- Clear direction - conscious management (ferryman) 

LEADER SUPPLIERS - NEW PRODUCTS 

- Customer - know the customer's future request 

- New products  

- Electrification - new products 

- New business (electrification) 

GENERATE NEW VALUE 

- Opportunities for electronics (generating new value and new work quotas 

- Sense of emergency (new product development) 

FROM FAB TO LAB 

- re-layout - Men / Machines 

AUTONOMY 

- independent team 

- product / process resources and know-how - approach to work, new methods 

- one team - synergy 

- autonomy 

OPTIMIZATION OF RESOURCES (PROFIT TARGET) 

- More effective management - new approach to the evaluation of KPIs in terms of 

profit 

- Reaching business plans (profit, quality, safety) 

- Target achievement 

- Realizing strategy vs market (localization, new business) 

- Quality, skills, security consolidation 

- Current products (price competitiveness, increased efficiency and cost reduction, 

elimination of non-profit products) 

- Increased automation efficiency 

- Current product optimization 
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Fig. 3 Some milestones for Vision 2021 

 
 

 

 

Workshop 2 
“Emerging Skills Roadmap”  
First phase  

The first activity was a definition of a “ranking” of the Denso Manufacturing Italia Vision 2030-

2021 milestones.   

With regard the milestones 2021 emerged the following priority list: 

 

1. HR Ready for Change; 

2. New products and improvement products already existing; 

3. Generate new value; 

4. From Fab to Lab; 

5. Optimize resources (profits, targets); 

6. Autonomy. 

 

Second phase 

Because the time available was limited, the group worked only on two milestones: 

 

1. HR Ready for Change; 

2. New products and improvement products already existing; 

 

These milestones of Vision 2021 were analyzed in depth. 

“HR Ready for Change”.  

It is connected in particular with the "change of mentality". It has generated macro areas of 

business activity. 
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It has been asked: <<Which macro areas of activity it is necessary to realize so that Denso’s HRs 

are “more ready for change”>>? 

The following macro areas of activity emerged from the responses: 

• Updating of knowledge; 

• Activate Cloud (standard IT work platform); 

• To transmit objectives and modalities (communication); 

• Innovation Network; 

• Activate Data Science; 

• Job Rotation; 

• Job Posting; 

• Information sharing and Innovation (Collaboration with University, 

Customer, Supplier - Research Spin Off). 

Third Phase 

The second question was: 

<<Which of the listed macro areas does the need for new skills emerge?>> 

The following macro areas of activity were selected from the answers: 

• Updating of knowledge; 

• Innovation Network; 

• Activation of Data Science. 

 

Forth phase 

The knowledge requirement related to the selected macro areas of activity was then explored.  

The question: <<What knowledge needs emerge for each selected macro area of activity?>> 

From the answers, the following macro knowledge areas have emerged: 

 

- Updating of knowledge: 

1. Behavioral knowledge 

2. Technical knowledge 

 

- Innovation Network: 

1. Human Network Relationship 

 

- Activation of Data Science: 

1. Data Management 

 

 

Workshop 3 
 

In the third workshop for each of two milestones selected it was explored: 

- activity areas (macro); 

- fields of knowledge (macro); 

- competence needs areas (micro and macro); 

- job profiles. 

 

Here the results: 
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VISION MILESTONE I: HR READY FOR CHANGE 

 

1. MACRO AREAS OF ACTIVITY 

• Innovation Network (it was decided to include it by affinity in the "KNOWLEDGE UPDATING" 
activity area in particular with the knowledge "Behavioral Knowledge") 

• Data Science (it was decided to analyze it with the "NEW PRODUCTS" vision milestone) 

• "Global" Place / Environment (it is a macro area of activity that is generated as new) 

• Knowledge update (it was decided to postpone the scope of knowledge resulting from 
"Technical Knowledge" to the discussion of the "NEW PRODUCTS" vision milestone) 

 

2. MACRO FIELDS OF KNOWLEDGE (emerged from the analysis of the macro areas of activity) 

 

• Human Network Relationship (Innovation network) 
• "Soft" Behavioral Knowledge ") (Knowledge update) 
• Technical knowledge "Hard" (whose declination in competences has been postponed to the 

moment of analysis of the "NEW PRODUCTS" vision milestone) (Knowledge update) 

 

3. MICRO and MACRO AREAS OF COMPETENCE (emerged from the analysis of the macro areas of 

knowledge) 

• Continuous contact with the vision and objectives as an ordinary activity / process ("Soft" 

behavioral knowledge) 

• Trust ("Soft" behavioral knowledge) 
• Data scouting ("Soft" behavioral knowledge) 
• Pro activities ("Soft" behavioral knowledge) 
• Knowledge of DMIT procedures ("Soft" behavioral knowledge) 

• Problem Finding ("Soft" behavioral knowledge) 
• Problem Solving ("Soft" behavioral knowledge) 
• Problem Setting (Soft behavioral knowledge) 
• Curiosities ("Soft" behavioral knowledge) 
• Responsiveness ("Soft" behavioral knowledge) 
• Adaptability ("Soft" behavioral knowledge) 

• Global Behavior (Place / Environment "GloBAl") 
 

 

4. EMERGED JOB PROFILES  

• Project coordinator 

• Personal and team development coach 

 

 

VISION MILESTONE II: NEW PRODUCTS AND IMPROVEMENT PRODUCTS ALREADY EXISTING 

 

 

1. MACRO ACTIVITY AREAS (analysis of the "New Products" milestone and improvement of existing 

products emerged) 

• Data Science 

• Update of "hard" technical knowledge 
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• Automation 4.0 

• From Fab to Lab 

 

2. MACRO FIELDS OF KNOWLEDGE (emerged from the analysis of the macro areas of activity) 

 

• New Laboratory / Product Development technologies (Automation 4.0) 
• AGV Management – Logistic robot (Automation 4.0) 

• New process technologies (Automation 4.0) 
• Total traceability (Automation 4.0) 
• Data management (Data Science) 

• Chemistry (technical knowledge update "hard") 
• Materials technology (technical knowledge update "hard") 
• Electronics (technical knowledge update "hard") 
• Microprecision (from Fab to Lab) 
• Optimization Development phases (process) (from Fab to Lab) 

 

7. MICRO and MACRO AREAS OF COMPETENCE (emerged from the analysis of the macro areas of 

knowledge) 

• Knowledge of process automation - co-robot; plc + software; artificial vision; electrical axes - 

(New process technologies) 

• Wip Management (Total Traceability) 

• Basic IT skills for all (Data Management) 
• Technical linguistic competence for all (Data Management) 
• Basic knowledge of some new product components (Chemistry) 
• New materials processing techniques (New materials technology) 
• Operators electronic competence (Electronics) 

• Product and raw material handling (Microprecision) 
• Knowledge of fault analysis (Microprecision) 
• Knowledge of Greater Power (Optimization of Development Phases) 
• EMC Knowledge Electromagnetic Disorders (Optimization of development phases) 

 

 

8. EMERGED JOB PROFILES 

 

- Expert Automation Technologist 4.0 

- Product technician 

- AGV programmer 

- Software developer 

- Mainframe manager 

- Data architet 

- Data scientist 

- Data analyst for each entity 

- Network manager 

- S.Q.E. 4.0 

- Cyber security expert 

- New materials technician 
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- Technologist new production processes 

- Product testing technician 

- Process testing technician 

- Process specialists (professionals) (workshop) 

- Clean room manager 

- Supply Chain Leader 

- Flow manager 

 

 

Workshop 4 
Before moving on to the "charting" it was necessary to resume all the different "macro areas of 

activity" that emerged in the previous workshops in order to crystallize them in terms of business 

drivers in 2021. Some macro areas of activity of these were placed over time in the assumed point 

of realization. Other macro areas of activity have been broken down into specific activities 

distributed over time up to the assumed date of complete realization. 

 

The latter are the following: 

- the macro-area of activity to implement "Data Science" has been reported in the charting in the 

form of business drivers: 

• Data Science S.Q.E. - HSE - Quality (mid-2019) 

• Data Science the whole company (beginning 2020) 
 

- in the same way the "New Products"5 macro area of activity was reported in the charting in the 

form of business drivers: 

• Product 1 (end 2019) 

• Product 2 (end of 2020) 

• Product 3 (mid 2021) 

• Product 4 (beyond 2021) 

 

- the macro-area of activity to be implemented "Fab-Lab" was reported in the charting in the form 

of business drivers: 

• Fab-Lab 50% 

• Fab-Lab 75% 

• 100% Fab-Lab 

 

- the macro-area of activity to implement "Ba" has been reported in the charting in the form of 

business drivers: 

• Prototype "Ba" 

• Place-Environment "Ba" 

 

- the macro-area of activity to implement "Automation 4.0" has been reported in the charting in 

the form of business drivers: 

• Automation 4.0 - line number1 50% 

• Automation 4.0- 50% 

                                                 
5 We reported abstract names of the new products. The real information on the name of the new products are 

confidential. 
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- the macro-area of activity to be implemented "Logistic automation" was reported in the charting 

in the form of business drivers: 

• 5% Automated carts 

 

 

This allowed the group to connect, although in a non-exhaustive way, the business drivers with the 

job profiles and the competencies emerged from the previous workshops. Job profiles and skills 

has been developed in detailed in a process following the roadmap. 
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Technology roadmap Methodology 1 

 

a) Preliminary information to organise the technology roadmap 

Useful existing information should be identified and brought along to the workshops if 

appropriate, such as vision, strategic plans, market intelligence, product specifications, technology 

reports and skills databases. The best way to utilise this information should be considered, 

particularly in terms of planning and pre-workshop tasks. Information about product families or 

components and technology or skill areas can be used to define the structure of the roadmap. The 

format and content of the workshopd may depend on what information is available and where 

there are gaps in knowledge. It should noted the use of ectensive documented information is not 

easy to manage within the workshop enviroment and should generally be avoided. 

 

A process flowchart (based on agenda) is helpful, for design purposes, and also to remind 

participants how each activity contributes to the aims of the workshops. It is also helpful to 

annotate a copy of the agenda with facilitation notes, including contingengy plans. 

 

Workshope should be scheduled, depending on availability of participants. The standard T-Plan 

process comprises four day workshops (Fig. 2). The timing or workshops is flexible; they can 

occuour over an intensive period of two days, or be spread out over a month (the ideal is one per 

week), or any other arrangement depending on availability of participants. It is desiderable to 

have sufficient time between workshops to enable information to be gathered and for review and 

planning meetings, involving the facilitator, business owner and other relevant people. The 

location chosen for the workshops should be suitable in terms of comfort and space (in particular, 

make surethei is sufficient wall space to put up flipchart sheets). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                 
1 The Technology Roadmap methodology has been extracted from PHAAL, R., Technology Roadmapping, Centre for 

Technology Management, University of Cambridge, United Kingdom, 1999 



 

4 

 

Fig. 2 

 
T-Plan: standard process steps, showing linked analysis grids 

 

A briefing note should be sent to all participants prior to the firt workshop, setting out the 

background to roadmapping, the business obijectives, any preparation that is required, together 

with workshop schedule and agenda.  

In AUTO 4.0 there was a specific activity called “Collection and processing of information on 

automotive technology future scenarios of our activity plan. In this activity documents and 

information on future technologies and evolution of automotive needs have been collected. 

Important information about market drivers, business drivers and product performances connected 

with a supply chain or with a group of automotive companies of the clusters involved. Other 

important information were about the evolution of technologies. It was been very useful to explore 

the technology foresights done by some European Technology Platforms. The project partners 

asked to involve companies to search these information and helped them. Without the availability 

of these information wasn't been possible to develop the technology roadmap. 
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The process 

 

The standard process is designed for supporting integrated product planning, incorporating both 

market and technology considerations, as well as competencies. 

The process can be applied to product families or particular products. The standard process is 

based on a series of facilitated workshops: 

 

1. Workshop 1 - Market 
Dimensions of product performance are considered, market (external) and business (internal) 

drivers identified, grouped and prioritized for different market segments. The strategic context is 

considered and key knowledge gaps are identified. 

 

What are the performance dimensions: these are aspects of product funcionality and performance 

that are, or may be, important to the customer or business, and which technology, defined broadly 

as «know how», can delivery. Ex: speed, size, ease of use and reliability… 

The main activities are: 

- dialogue on «performance dimensions» 

- order for affinity groups (optional) 

- note the «key dimensions» 

- consider quantitative and qualitative dimensions; 

- you can include "views" on the market, on the product or on the technology; 

- the "key" dimensions are those that stand out for having a high potential value for the 

customer or for the attractiveness of the company. 

 

What are market and business drivers? The "external" (customer) and "internal" (company) 

business drivers reflect the client and the company motivation, the needs and the underlying 

benefits. Ex: External (market): cost of ownership, legislation, productivity. 

Internal: cost, time to market (higher level: profit, growth, etc.) 

The main activities are: 

- dialogue on market drivers (customer); 

- dialogue on business drivers (company); 

- order for affinity groups (max 10); 

- map linkage to performance dimensions (optional); 

- it is a "higher level" from the dimensions of the performances; 

- consider the trends and drivers that affect key customers and competitors; 

- drivers may vary with time and/or sector; 

- consider strategic (business) goals. 

 

How to obtain the segmentation and priorization? 

The main activities are: 

- identify and priorize market segments; 

- giving the priority to market drivers (1-10); 

- give priority to business drivers (1-10); 

- Consider key customers; 
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- Priority setting can vary over time and in the segment, should include value for both the 

customer and the company; 

- Consider "urgency", including the needs of clients and companies, legislative and 

competition activities. 

 

The analysis of the competitive framework need the following activities: 

- identify the competitors 

- discuss the competitive position 

- Focus on market segments and the most important competitors; 

- What are the "strengths and weaknesses" of the competitors? 

- What are the strategic implications for the business, products and technologies? 

 

Finally identificate the gaps. The main activities are: 

- identidentify the "key lacune" in the current knowledge and areas where further work is 

needed. 

- Consider market, competition, key customers and legislation; 

- Consider high-level social, technological, environmental, economic and political factors 

(PESTEL); 

- Consider sources of information and the mechanisms to fill in the gaps. 

 

 

2. Workshop 2 - Product 
Product feature concepts are identified, grouped and their impact on market and business drivers 

assessed. Alternative product development strategies are considered and key knowledge gaps 

identified. 

What are the product features (functionality)? These are characteristics or key product/service 

concepts with the potential to address the market and company drivers. 

Examples: modular, easy to install, the lowest cost of ownership, etc. 

The main activities are: 

- dialogue on the products/services features 

- order for affinity groups (max 10) 

- risk rate/complexity/commitment for product characteristics concepts (optional) 

- identify synergy areas with current products and technologies (optional) 

- maps links to performance dimensions (optional) 

- Consider the differences in yield/efficiency 

- Think about the future content of the product brochure 

- Reuse of: architecture; technology; knowledge; code 

 

To evalutate the impact of product features (functionality) we need to develop the following 

activities: 

- for each product feature concept in turn, row-by-row, rank the impact on each 

markt/business driver in turn in terms of the «potential for satisfying the driver». 

- use of triple, double and single ticks and corsses is a good way of capturing high , medium 

and low ranking scores. 

- identify key product features that have high impact across multiple dirvers (optional) 

- impact is defined in terms of "potential to satisfy the driver" 
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- use "x" if the impact is negative 

- cross impact grids can be used to explore dependencies 

 

It is very important to define a product strategy. We need to ask: 

- which alternative "product strategies" could meet the market driver range and business in 

the future? 

- platforms? evolution? 

Some examples might be: low cost options compared to high costs. 

Remember that drivers can change over time and may depend on the market segment. A product 

platform is the collection of resources shared by a set of products: components, processes, 

knowledge, people and relationships. 

 

Finally identificate the gaps. The main activities is to identify the "key lacune" in the current 

knowledge and areas where further work is needed. 

Ex: customer requirements 

Consider sources of information and the mechanisms to fill in the gaps. 

 

 

  

3. Workshop 3 - Technologies 
Alternative technology options are identified, they are grouped, impacts on product characteristics 

are assessed and key knowledge gaps are identified. The data collected in workshops 1, 2 and 3 

define two interconnected analysis grids that provide a mechanism to embrace the roadmap 

layers and allow to prioritize and rank product features and technological solutions. 

(add that skills and job profiles are identified here) 

 

What are the technology responses? Potential technological solutions able to provide the desired 

characteristics of the product / service, grouped into areas. 

Eg intelligent control, laser cutting and junction 

The main activities are: 

- for every functionality of the product, at turn, you can find the possible technological 

solutions 

- identify key technology areas that have high impact across multiple product features (max 

10) 

- identify other key resources (optional) 

- maps connections to performance assessment (optional) 

- Consider technological problems, constraints and challenges; 

- Technological areas can be existing areas, programs, platforms or skills; 

- Consider the technological solutions of components, design, production, information, 

process, "hard" and "soft" 

- Other resources include skills, competencies, alliances, knowledge, capital investments 

 

How to evalutate the impact of technology areas? The main activities are: 

- for each capacity/technological solution (or area), in turn, row-by-row, rank the “impact” 
on each product feature, in terms of the “potential for delivering product performance” 
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- use of triple, double and single ticks and corsses is a good way of capturing high , medium 

and low ranking scores. 

- identify key technological features that have a high impact on more functionality (synergy) 

(optional) 

- The impact is defined as the "potential to satisfy the driver" 

- Use "X" if the impact is negative 

- Cross Impact grids can be used to explore dependencies 

 

Finally identificate the gaps. The main activities are: 

- identify the "key lacune" in the current knowledge and areas where further work is 

needed. 

- Consider the risk, uncertainty, maturity, development time, skills, skills, knowledge; 

- Consider the activity / competences of competitors and suppliers; 

- Consider sources of information and the mechanisms to fill in the gaps. 

 

4. Workshop 4 - Charting 
Market, product and technology aspects + skills related to the business are brought together in a 

roadmap. Milestones are identified, the evolution of the product is traced and appropriate 

technology and skill responses are considered. Key knowledge gaps are identified and the next 

steps are considered. 

 

How to define the chart? The main activities are: 

- define focus and time-base of roadmap (1.e. product evolution strategy) 

- chart drivers, trends and known market triggers (steepi, strategic milestones, legislative 

events, competitors activity, ecc.) 

- chart future product evolution, referring to key product feature areas (vision) 

- chart preferred technological response/solution strategy referring to key technology areas 

- chart evolution of the other key resources (skills, knowledge, alliances, investment) 

- draw linkages between market, product and technology elements 

- note assocaited issues/queries/ideas on map 

 

Finally identificate the gaps/way forward. The main activities are: 

- identify key «gaps» in current knowledge 

- consider how best to «roll-out» the process 

- Consider market, product and technology aspects and key challenges; 

- Consider sources of information and the mechanisms for filling gaps 

- What should the TRM (Technology RoadMap) look like? What key information should it 

convey? 

- What are the success factors and potential barriers for TRM process development: - first 

implementation and as an ongoing process? 

- Benefits / Problems with the TRM process / approach? 

- Next steps? 

 

The time between the workshops provides an opportunity to gather information, to take actions 

identified in previous workshops and to prepare for the next workshop. Coordinated meetings 
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should be organized to review progress (progress), involving at least one facilitator and one 

owner. 

 

 

How we individuated competence needs?  

With regard the last layer (resources), we payed attention and work only on “competences” (here 

we mean both competences and job profiles). This was been an innovation on the traditional use 

of the tool Technology Roadmap. 

We believe that:  

• the introduction of a new technology in a production process modifies tasks expected in 

the process itself; 

• the introduction of a new technology in the product modifies tasks expected in the 

production/assembly. 

 

In the third layer the team identified a set of technological solutions linked with the product 

feautures evolution, with business drivers evolution and with market drivers evolution.  

 

To identify competences needed by companies, for each technological solution the asked the 

following list of question: 

-  What the competences worker has to do here? 

-  What the skilled worker should be able to do here but today he is not able to do? 

-  What he has to know? 

-  What should he be able to do? 

-  Which attitude or organisational behaviour is requested to him? 

This list of questions was aimed to explore needs of the different components of competences 

(knowledge, being able to do, being able to be). We done that just when the Technology Roadmap 

was ended, as a method to describe skills and job profiles.  

In the process of identification of competences, we identified: 

- First of all the areas of competences and job profiles (during the workshop of 

Technology Roadmap) 

-  Then specific competences (in successive work-sessions to be organised with HR 

manager).   

 

 

Example of areas of competences: 

To be able to do maintenance work by using a software xy and a specific device (tablet) 

 

Example of specific competence: 

To be able to modify the correct programme of ordinary maintenance 

To be able to understand specific mistakes from the software/device 

 

Example of new job profile: 

Multi-system technician maintenance 
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We put all information on post-it (area of competence or job profile) and setted them aligned with 

the technological solution connected with indicated competences or job profiles. 

What we identified? 

a) Groups of competences that update existing job profiles of current skilled workers 

b) Groups of competences that set new job profiles of future skilled workers 

c) Groups of competences that set new job profiles of future managers 

 

We recorded everything, also potential competences/job profiles addressed to management 

categories. In AUTO 4.0 project we worked on implementing OERs and on training/retraining only 

competences of skilled workers.  

 

 

 



 

 

 

 

 

 

 

 

 

 

 

Job Profiles and Competences description tool 

  



(Name of the European Core Occupational Profile) 

   
 

AUTO 4.0 - Understanding and Achieving Automotive Training Outcomes 4.0 - Erasmus+ Programme 2017-1-IT01-KA202-006187 

 

Job profile and Competences Auto 4.0 

TEMPLATE 
 

Name of the European Core Occupational Profile: ___________________________________________________ 

 

Overall description 
What does he/she do? 
 

 

Responsibility 
 

 

 

Results 
 

 

Value 
 

 

 

 

 

 

 
 
 
 
 
 
 



(Name of the European Core Occupational Profile) 

   
 

AUTO 4.0 - Understanding and Achieving Automotive Training Outcomes 4.0 - Erasmus+ Programme 2017-1-IT01-KA202-006187 

Detailing 

Main activities 

carried out 

Output/Outcome What learners  needs to know What learners  must be able to do What organisational 

behaviour is 

required? 

1.      

2.      

…     

…     

 

     

     

 

 

Notes 

 

 

Facilitator/s Participant/s 

   

   

   

 

 

 

 

  

 

 



 

 

 

 

 

 

 

 

 

 

 

Survey and Case Studies Methodologies 

  



 

 

 

I01: European Automotive Technology and Skill 
Foresight 4.0 (AUTO 4.0)  
 

 
Methodology about Sector-related Empirical Identification of Skill 
Needs  
 

What to do?  

First step: Develop a roadmap based on the development of companies in your 

country/region by considering the power of Industry 4.0. Introduction into the use of 

instruments for preparing a roadmap was given in a training session.  

Second step: Identification of skill-profils/ occupational profiles  

Please follow the steps described below and carry through the empirical work!  

Please send back your outcome till September 10, 2018.  

Steps to follow:  

1. Select 5 Managers of companies  

2. Select 5 experts in Industry4.0  

 

3. Select a „Chain of companies“  

 

 

 

 

By using the questionnaire „Companies“ please interview HRD representatives, 

recruitment experts, training staff, TVET experts along the chain.  

4. After the interviews plaese prepare a comprehensive report by using the „Docu 

Structure HETEL“. If you feel that changes of the structure are needed, change it. If 

you feel to report some different aspects, feel free to do so!  

 

The instructions are very short but I hope all is understandable. I have avoided to 

explain all the backgrounds and steps in a detailled research design because the 

important info is available via the paper „intellectual output I“ which I add again.  



 

And I decided to propose a pragmatic way to go because we are very late in the procjet 

already! 9 month are behind of us already. 

 

 

How to develop a Survey 

In order to elaborate which skills are required on the shop-floor due to digitalization, a 

qualitative empirical survey was conducted based on case studies and/or expert 

interviews. A second objective of the empirical phase was the development of shop-

floor specific roadmaps.  

A questionnaire was applied for the case studies and the expert interviews. The 

questionnaire helped to identify the need for qualified skilled workers in the companies 

due to digitalization. In order to get adequate answers, the experts to be interviewed 

and the cases had to be carefully selected. Each partner of a region had to select 

cases in his/her region as they could well assess which companies – and which key 

persons – would be adequate and available. The access to each company was 

controlled by each of the partners.  

The structure below was recommended for the documentation of the results.  

Structure for presentation of results  

1. Basic Data of the company  

2. Description of the Company  

3. Organisational Unit on Process Level  

 General Structures  

 Company-related Changes and Innovations  

4. Where we are? Implementation of „industry 4.0“ in the sector in the region.  

a. Assessment of current technologies in the sector (what technologies are 

used? How new they are? In which processes are these technologies 

used? Existing limitations?  

b. Identification of technologies not currently used but considered important 

for the future. Which opportunities exist? What benefits could they bring? 

Why they are not used yet? What would be necessary to implement them 

in the sector?  

c. Work and business processes on different employment levels. Which is 

the level of vertical integration in the sector? How quickly are decissions 



 

taken? Are different departments connected? In which way? Is 

information received by one department automatically shared with other 

departments which may be involved?  

d. General qualification structures in the sector. Which is the level of 

qualification in the sector? How ready are current employees to be able 

to implement new technologies, adapt to new processes?  

5. Where do we want to go? Automotive cluster strategy in (NAME OF THE 

REGION)  

a. What are the objectives/strategies of the sector for the next 3-5 years? 

In terms of: product/services, processes, vertical integration (within 

departments in the company) and horizontal integration (with clients, 

providers, allies)  

6. How can we get there? Identification of cross skills and job profiles for the 

automotive cluster in (NAME OF THE REGION).  

a. Identification of intermediate actions and resources necessary to achieve 

the objective/strategy.  

b. Roadmap of the region (time based graph)  

c. Identification job profiles and associated skills: to implement new 

technologies, to adapt to new organizational ways, to develop transversal 

skills (flexibility, autonomy, problem solving…) adapted to the detected 

strategies of the sector.  

 

However, this structure was only applied in a modified version. The partners rather 

concentrated on a direct presentation of the results. The results were composed of the 

following key issues:  

 A “technology” roadmap (Germany)  

 A “shop-floor” roadmap (Italy and  

 19 occupational profiles (all partners).  

 

The elaboration of a total of 19 occupational profiles based on the surveys was quite 

surprising. The aim had previously been to name one or two new profiles per partner 

country. The high number of profiles seemed to have motivated the generation of a 

“European Core Occupational Profile” from the 19 profiles.  



 

 

 

 

 

 

 

 

 

 

 

Survey and Case Studies Tools 
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Interview Guidelines for Survey AUTO 4.0 

Leading Questions for Expert Conversations in Companies  

 

A) General questions on the company and personal questions  

Company 

• Products 

• Branch 

Person 

• Field of tasks 

• Function in the company 

• Occupational background 

 

Employment structure in production 

(changes)   

• Number of employees 

• Employee structure (shares)  

o Skilled workers 

o Semi-skilled workers 

o Engineers (process 

engineers, test engineers),  

o In-firm / external 

o Which occupations 

 

 

B) Experience and the technological development in the company  

• State of the introduction of 
„Industry 4.0“ in the company? 

• What are the most important 
drivers for the application of 
principles of Industry 4.0? 

• How have production 
technologies changed in the past 
five years? What are your 
development plans for the future? 

• How have processes been 
changing during the past years 
(ICT, networking, automation)? 

 



AUTO 4.0 Experts 
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• Which technologies (for data/ 
information transfer, networking 
or the optimization of work 
processes, automation) have 
already been implemented in your 
company?  
Which ones? Where? In which 
areas? What is the objective?  

• Will the development towards 
Industry 4.0 be intensified in the 
future? Which steps towards a 
further digitalization of processes 
are planned? 

C) Impact on the business and work process  

• Which were your tasks during the 
implementation process? What 
did you do? How? With which 
tools? Were external IT-services 
involved? Have the stakeholders 
(skilled workers) been involved in 
the process? 

• Which consequences for your 
company will the new 
technologies have in terms of 
work and business processes? 
Changes of work tasks and work 
organization? 

• How do you involve your skilled 
workers in implementation 
processes? Which competence 
profiles must these specialists 
have? Which qualifications must 
they have? 

• What are the tasks of skilled 
workers or engineers? Have roles 
changed in this area? 

 

 

D) Qualification requirements and support  

• Which new requirements for 
employees and tasks do you 
expect? 

• Which employment level will be 
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predominantly affected by 
changes? Will some of the levels 
vanish? 

• To which extent and in which 
form will change have an impact 
on the qualification requirements 
for the respective employees? 
Repair and maintenance? In 
direct production? In the field of 
logistics? 

• How are/ how should the 
respective employees be 
prepared for the changed 
requirements? 

• Which most important 
competences should be imparted 
in future training? Are there 
differences compared to today? 

• How do typical qualification paths 
in companies look like? 

• Which additional qualifications 
are necessary? 
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Interview Guidelines for Survey Industry 4.0 

 

 

Questions for Management, Production Management,  
Training Management  

 

A) Questions concerning the company 
1. 

Overview 

• Name 

• Products 

• Company structure 

• Business divisions 

• Branch 

• Number of employees 
(vocational/technical, 
commercial) 

 

 

B) Questions concerning the organizational unit (OU) the interviewees 
are responsible for 
2. 
Tasks 

o Overall 
o Core tasks 
o How exactly do you plan? 

 

 

3. 
Employment structure in 
production (changes) 

• Number of employees 

• Employee structure 
o Skilled workers 
o Semi-skilled workers 
o Engineers (Process 

Engineers, Test 
Engineers)  

o In-firm, external 
o Which occupations 

• Do you conduct training? 
o If yes: in which 

occupations? 
o How many trainees/ 
apprentices? 

 

 

 
4. 
Process/  changing processes 

• Upstream and downstream 
positions (in-firm, external) 
Typical procedures / process in 
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the department  

• What has changed? Why? Are 
CPS-systems used for 
planning (simulation, 
visualization)?  

 
 

5. 
Changes 

• Currently imminent changes/ 
challenges by digitalization/ 
automation  

• Automation – where? How? 
How deep? What is changing? 
Which processes are planned?  

• Based on your value-added 
chain, please describe the 
networking of your production. 
Where does IT-networking 
start? 

• Where is no IT-networking?  

• Where are the strengths? 
Where are the limits? 

• How do you implement new 
automation projects? (external 
IT-service companies, in-firm 
engineering)? 

• Which persons are concerned 
and how are they qualified? 

 
 

 

D) Questions on the use of automation (digitalization)   
7. 
Current application 

• Which technologies are 
applied for the development 
towards automation? 

• How have these procedures / 
processes changed due to 
this development? What has 
changed in terms of 
employees’ tasks? 

• In your opinion: Which fields 
of work cannot be automated 
and why not? 

• Is your company vertically 
integrated from the 
perspective of: 

o Sales (data-driven demand 
prediction) 

o Product (data-driven 
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design to value, integrated 
product development…) 

o Production/manufacturing 
(simulations, prototyping, 
smart energy consumption, 
real time optimization, 
automation, human-robot 
collaboration …) 

o Logistics (connected in 
real time to production) 

o Service (predictive 
maintenance, augmented 
reality for maintenance, 
remote monitor/control 

• Is your company horizontally 
integrated in the sense of: 

o Cooperation with 
customers (customer co-
creation/innovation) 

o Logistics (traceability of 
products, services) 

o Post-sale services 
(predictive maintenance, 
virtually guided self-
service, remote 
monitoring…) 

•  

E) Questions on qualifications and a need for further education 

8.  
Employee structure 

• Have automated processes 
and a greater depth of ICT 
resulted in changes of your 
employment structure? Are 
such changes planned? How 
exactly? 

• Which new challenges for 
skilled workers are created by 
the increasing automation 
and/ or by methods to 
enhance efficiency? 

• Does the implementation of 
automation require a special 
qualification/ further 
education of the employees? 
How (on-the-job, off-the-job)? 
 

 

• What should be changed 
regarding qualification? 
Where exactly (occupational 
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profiles, curricula)? 

• What are typical qualification 
paths in the company? 

 

F) Questions on the future development and/or on other departments  
9. 

• Does your OU allow for a 
further use of automation? 

• How could processes in your 
OU look like in 3 to 5 years? 

• How would your employee 
structure look like? 

• Who should have which 
qualification?  
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