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1. Executive summary  

SAM (Sector Skills Strategy in Additive Manufacturing) project aims to deliver together with all partners 
and stakeholders a shared vision and collaborative skills solutions capable to foster and support the 
growth, innovation and competitiveness in the Additive Manufacturing (AM) sector.  

Within Work Package 4 (see Figure 1), a structured approach has been followed to develop and implement 

the European Observatory, together with its specific set of rules and operational procedures (D4.1 ς 

Observatory Rules and Operations Procedures). As an interactive online tool, it has gathered inputs based 

on figures and trends on AM skills and shortages, through data that has been collected in different 

sources, then analysed and validated at project workshops (D4.3 ς Workshop to Analyse Data and D4.4 ς 

Workshop for the Validation of Needs).  

 
Figure 1 ς Overview of WP4 deliverables and their objectives 

 

The current deliverable D4.10 corresponds to the Skills Strategy Roadmap, providing the overall guidance 

ŦƻǊ ƛƳǇƭŜƳŜƴǘƛƴƎ {!aΩǎ strategy until 2030, outlining how the project intends to address the evolving 

sector needs and challenges towards AM skills development. 

A ǎŜǘ ƻŦ άDŀǇ 5ǊƛǾŜǊǎέ ǿŜǊŜ ƛŘŜƴǘƛŦƛŜŘ ŀƴŘ represent the key challenges facing the sector now, (see Figure 

3) which the Strategy will cover in detail. raining. 

The SAM project has identified strategic objectives in order to face up to this challenge and help mitigate 

its impact on the sector. The flagship activity of the Skills Strategy Roadmap will consist in the deployment 

of the International AM Qualification System (IAMQS) through a network of training providers, sustained 

by a strong connection between a wide range of industrial sectors, which are applying AM in their activity 

or intend to do so. The roadmap will also expand on how the individual strategies will translate as concrete 

activities / solutions as part of an implementation timeline, in parallel to the outstanding project activities. 
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2. Introduction  

SAM addressed the common vision and actions to support the growth, innovation and competitiveness 

of the AM sector. 

The Skills Strategy Roadmap (see Error! Reference source not found.) settles the Sector Skills Strategy for 

Additive Manufacturing until 2030. Two versions of the Roadmap will be published in different periods, 

namely, in 2020 and 2022, in order to reflect the dynamic features of the sector and increasing speed in 

which AM technologies are evolving. Moreover, the 2022 version will include the monitoring of the 

actions defined in the first version.  

 

 
Figure 2 - wŜǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ ǇƭŀƴƴŜŘ ǘƛƳŜƭƛƴŜ ŀƴŘ άŦŜŜŘōŀŎƪ ƭƻƻǇέ ŦƻǊ ǘƘŜ {ǘǊŀǘŜƎȅ wƻŀŘƳŀǇ ŦƻǊ ǘƘŜ ƴŜȄǘ ǘǿƻ ȅŜŀǊǎ 

 

For the subsequent two years of the project, the Roadmap will help steer the implementation of the 

individual activities that have been identified to mitigate each Gap Driver, as well as assess their 

effectiveness in tackling the problems highlighted in the sector, through the activities that have been 

planned to tackle these. The below diagram showcases (see Figure 2)  how the proposed timeline in D4.10 

is planned to be implemented. 

 

In establishing such a roadmap, the consortium is presenting a clear analysis of the path it is going to take 

for the following two years of activities, particularly on how the Skills Strategy will, by necessity, evolve, 

adapt and adjust to the trends in the sector, the ongoing challenges it is facing on account of the present 

international pandemic, as well as the contingencies in place to face future uncertainties. 

 

The Roadmap includes: 

 

- YŜȅ /ƘŀƭƭŜƴƎŜǎ ŦŀŎƛƴƎ ǘƘŜ !a {ŜŎǘƻǊ όάDŀǇ 5ǊƛǾŜǎέύ  

- Input of Strategic Objectives and outline of the proposed supporting actions and 

implementation activities put forward by SAM and beyond 

- Proposed Timeline ς Referencing the specific Implementation Actions and their relation to 

SAM tasks and deliverables. 

- Mind map of the AM Skills Roadmap representing the required Professional Profiles, 

Qualifications and Skills linked with the AM value -chain, materials and processes.  

- Summary conclusion about the Strategy  
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The present Roadmap represents a critical input towards the successful implementation of the project, as 

it will help in providing basis for validation of the project strategies.  

3. Methodology 

Outlining a Skills Strategy Roadmap in the AM sector has required close integration of the wider project 

activities but incorporating the activities of the European Observatory. 

.ŀŎƪ ƛƴ 5мΦн άDƭƻōŀƭ ŀƴŘ {ƻŎƛŜǘŀƭ aƛƭŜǎǘƻƴŜǎέΣ the analysis of challenges per field, milestones and required 

set of skills enabled to identify drivers of actions, which are now being used to define the strategy. In 

addition, the set of data collected along the desk research (in Work Package 1), together with the surveys 

and workshops conducted (D4.3, D4.4) and, subsequently, treated through the technical reports produced 

by the consortium (D4.5 - Report on the Analysis and Validation of Needs), enable to design the current 

Skills Strategy.  

To that end, the challenges facing the AM industry, i.e., ǘƘŜ άDŀǇ 5ǊƛǾŜǊǎέΣ ŀǊŜ summarized individually in 

the following sections. For each, the specific reason for being considered a gap driver, together with 

relevant references, are provided. All of these, it must be stated, have been devised in close consultation 

(and based on specific input and feedback) from key AM industry representatives, stakeholders, and 

experts the project has been careful to involve from the outset. 

In order to effectively convey the interaction between the key Gap Drivers identified, their equivalent 

strategy mitigation plans and relevant activities, the consortium has structured the Roadmap in the 

following structure: 

- Challenges in Additive Manufacturing (Gap Drivers), which have been the result of continued 

consultation, from the outset of project, with sector professionals and industry representatives, 

as illustrating the foremost obstacles to the development of the European AM sector. 

 

- Actions are meant to offer concrete and feasible solutions to these challenges. They are layered 

in terms of Strategic Objectives, i.e,. a macro-level approach to a specific challenge. For the 

strategy to succeed, specific Supporting Actions need to be considered, together with support 

activities that can help maximize the success of the strategy. 

 

- Expected Impact represents the expected degree of success at countering each Gap driver 

successfully. The report will provide a detailed breakdown of this, for each Gap Driver, and how 

the project has effectively contributed towards it. 

 

This will require continuous and careful monitoring, to ensure that the link between gap driver and the 

relevant actions remains valid, but also, to ensure that the key stakeholders and industry experts remain 

engaged in validating the findings.  

To seamlessly incorporate the key elements of the Roadmap into the project activities, a timeline will be 

ŘŜǾŜƭƻǇŜŘ ŀƴŘ ŦƻƭƭƻǿŜŘ ŦƻǊ ǘƘŜ ǊŜƳŀƛƴŘŜǊ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ƭƛŦŜǘƛƳŜΦ Lƴ ǘƘƛǎ ǿŀȅΣ ǘƘŜ ŀŎǘƛǾƛǘƛŜǎ Ŏŀƴ ōŜ 

properly plan, monitored and reviewed if necessary (additional details on the proposed timeline can be 

found in the relevant section), particularly following the implementation of the proposed Supporting 

Actions in 2021, an assessment will need to be carried out against the proposed Strategic Objective and, 

if necessary, an update to the AM Skills Strategy implemented.  

The set of conclusions at the end, contains a summary table of the overarching structure detailed in the 
report, as well as summary descriptions of the activities implemented as per the roadmap timeline 
proposed. 
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4. CHALLENGES IN ADDITIVE MANUFACTURING  

This section addresses, in detail, each of the seven gap drivers that have been identified by SAM. 

This has been a key contribution from WP1, particularly with the development of D1.2, Global and Societal 

Milestones. By working towards identifying key transformations that can direct (and indirectly) impact the 

Additive Manufacturing sector and skills, SAM has been able to put forward concrete solutions, strategies 

and feasible activities that can allow the sector to adapt and reduce the potential negative impact, thereby 

contributing to the growth of the European AM field. 

In this section, each Gap will be explained in full, together with the underlying references to why it was 

considered as such for the AM sector. Under each Gap Driver (see Figure 3Figure 3) the relevant strategies 

are also presented, together with the reasoning for the specific supporting actions that have been planned 

to help drive the implementation of each strategy plan. 

 

Figure 3 - AM Gap Drivers  
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4.1 Mismatch between industry needs and educational/training offers  

As with most disruptive technologies, the AM sector growth and development happens more 

quickly than the pace of learning and the adaptation of the educational system. This lag generates a gap 

where there are simply not enough skilled professionals or/and workers with the needed skills to fill jobs 

and thus meet the demand from the AM employers. [1] 

Implementation of AM at industrial level requires new technological, digital and transversal skills 

to exploit fully and sustainably the benefits offered by these technologies. With more applications arising 

lately, companies are increasingly demanding talented professionals that can work with and optimize the 

whole AM process and part production. 

 Without a well-trained workforce capable of adapting toτand adoptingτthe applications and 

uses of AM, organizations may fail in their ability to integrate AM effectively [2] . In this sense, industries 

are currently facing some obstacles to find out the missing necessary people (technicians, engineers, 

designers, operators...) specialized in technical and non-technical aspects of AM. The demands onτand 

expectations forτAM talent are high, especially because the technological, engineering, green and digital 

skills required vary widely and because AM professionals are expected to be at the same time creative, 

and able to constantly adapt to new developments. 

According to άAM-Motion AM Implementation roadmapά [3] there is a need for AM specific 

educational and training modules both through linking with "regular" high education curricula 

(engineering, business schools) and training on the job approaches to foster AM development and market 

uptake in Europe. Proper communication campaigns, industry involvement, delivering suitable learning 

contents at all levels, specific educational programmes, workplace training, on-line education and 

reskilling actions for current work force are necessary. Training and education establishments need to 

preserve and develop the employability of workers. Industry and other employers (e.g. standardisation 

bodies, IPR entities, etc.) should be also engaged in the process in order to align their needs with regard 

to skills with the educational contents. 

Existing courses on design, engineering and management related to advanced or digital 

manufacturing do not systematically deliver the necessary skills and knowledge for an effective 

deployment, meaning that the training offer provided is not aligned to the required needs of industry. 

There are also specific AM training courses of several types being implemented for the different levels of 

education. However, the capacitation approach of AM professionals is not consistent, lacking the 

harmonisation and consequent recognition of knowledge and skills. [4] 

Moreover, companies are already identifying specific present and future AM skills and profiles needed. 

From the surveys and interviews with industries run in the framework of SAM the following needs were 

found (see Figure 4). 
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Figure 4 - Knowledge Lacking in AM, according to the company survey 2019  [5] 

 

Although, some missing knowledge is covered by current existing courses (see Figure 5), there 

are specific industrial demands not being covered such as Certification and Standards as well as 

Testing/Quality, creating the mismatches. This shows the need of a systematic consultation/process on 

the industry needs in terms of required knowledge and skills, at short, medium and long terms. 

 

 

Figure 5 - Skills addressed in AM Training, according to the training centres survey, 2020 [5] 

It is important that companies do not feel overwhelmed by AM adoption. Through commitment 

to the education of current and future workers, covering all their needs by enabling the regular interaction 
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between education and industry representatives, accessing the skills needed for the use of AM can be 

facilitated.  

Moreover, although there are organisations, such as The European Technology Platform in AM 

ά!a-Platform" [6], with dedicated groups to discuss the needs on AM skills and education, to the best of 

our knowledge, there is not any systematic consultation process on industry needs in terms of required 

training, which is able to anticipate and prioritize those needs.   

To conclude, it is clear that the systematic collaboration between key stakeholders from industry and 

education side is fundamental to tackle the existing mismatch among the AM skills demand and supply. 

 

4.2 Competition for skilled AM workers and lack of knowledge of AM from existing 

workers/students 

AM technologies are evolving at a much faster pace than the development of the skills enabling the 

workforce to use them. According to a Deloitte article published in 2016 [7]Σ άgrowth for AM, while 

positive, also raises a significant challenge: heightened competition for a finite talent pool with the skills 

to use this technology. This challenge is expected to affect businesses of all sizes, from start-up to 

enterprise-level. Indeed, according to some reports, the number of job advertisements calling for 3D 

printing skills increased 1,834 percent between August 2010 and August 2014, with industrial engineers, 

mechanical engineers, software developers, and industrial designers among the most sought-after 

professionalsΦέ ¢Ƙƛǎ ƛǎ ŀƭso supported by the literature review from D1.4 άProfessional Profiles/ Set of Skills 

Roadmapέ, according to which there is a need to train and educate the current and future workforce to 

provide the required AM knowledge and skills to the existing workers and students. The AM process chain 

requires different skills and there is a need for highly-skilled workforce to operate advanced machinery 

such as those existing in AM systems. The growing use of AM technology in industry is increasing the 

ŘŜƳŀƴŘ ŦƻǊ !a ǿƻǊƪŜǊǎΣ ōǳǘ ǘƘŜ ƻŦŦŜǊ ŘƻŜǎƴΩǘ ƳŀǘŎƘ ǘƘŜ ŜȄƛǎǘƛƴƎ ǿƻǊƪŦƻǊŎŜ ς this generates a high 

competition for skilled AM workforce. 

There are a number of courses available from universities focussed on Additive Manufacturing (from 

example from Cranfield University in the UK), however these are primarily at Masters level (level 7 in the 

European Qualifications Framework). As they are at quite a high academic level, they may be inaccessible 

ŦƻǊ ŀ ƎǊŜŀǘ ƴǳƳōŜǊ ƻŦ ǿƻǊƪŜǊǎ ǘƘŀǘ ŎƻǳƭŘ ǇƻǘŜƴǘƛŀƭƭȅ ōŜ άǎƪƛƭƭŜŘ ǳǇέΦ Lƴ ǘƘƛǎ ǎŜƴǎŜΣ ŀ ƘƛƎƘŜǊ ƴǳƳōŜǊ ƻŦ 

qualifications for lower EQF levels is deemed to be necessary in the AM education system, preferably 

qualifications recognised at a European/international level. On the other hand, highly complex, varying 

and knowledge-intensive production processes will demand a high level of specialisation of the different 

AM workers, and this is still not being addressed by a great majority of AM education centres. 

There is a lack of communication between AM education and training providers, preventing a concerted 

action in terms of possible synergies between institutions to overcome the lack of equipment in training 

ƛƴǎǘƛǘǳǘƛƻƴǎΣ ǇǊƻƳƻǘƛƴƎ !a ŀǿŀǊŜƴŜǎǎΣ !a ǎƪƛƭƭǎ ŀƴŘ ǇǊŜǇŀǊŀǘƛƻƴ ƻŦ ǘƘŜ ǿƻǊƪŦƻǊŎŜ ǘƻ ƳŜŜǘ ǘƘŜ ƛƴŘǳǎǘǊȅΩǎ 

needs. Adding to that, high costs associated to AM training also prevent access to training from 

individuals, especially if we are talking about lower-skilled personnel. Specially for those who already have 

a job, flexible skilling pathways are necessary to increase the attractiveness of the AM field and increase 

the possibilities for workers to upskill or reskill. 

There is also a lack of data on number of job offers and current positions in AM, which creates increasing 

difficulties in providing a targeted/matching training offer and may cause an unbalance between training 

offers and the needs of the market, making it impossible to close the existing gap in AM professions and, 

thus, increasing competition for those professionals. 

To supply all the skilled personnel needed by industry (and services) for the next decade, actions should 

be taken at all education levels, maybe even preparing training plans starting from primary school to 
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university degrees, particularly in engineering. Future technicians will need to have cognitive competence 

to deal with a changing technological environment (mathematics, logic, data processing, project 

management) and non-cognitive skills (critical thinking, teamwork, achievement of goals, interpersonal 

relationship skills, or troubleshooting abilities). 

A 2016 article by Deloitte [8]concludes that nine out of ten manufacturers are struggling to hire workers 

with the right skills. The skills shortage, then, is one faced by manufacturing as a whole. Again in 2019, a 

Deloitte communication [9] identified that one of the main challenges faced by the manufacturing 

industry is the shortage of skilled technicians familiar with the technology and capable of applying 3D 

printing. Deloitte and The Manufacturing Institute launched their fourth skills gap study in 2018 and they 

noticed that the skills gap may leave an estimated 2.4 million positions unfilled between 2018 and 2028, 

with a potential economic impact of 2.5 trillion. Further, the study shows that the positions relating to 

digital talent, skilled production, and operational managers may be three times as difficult to fill in the 

next three years. Although this study was done taking the US reality in, a correlation may be seen in the 

European labour market. 

Given all the above, it is clear that there is need to tackle  the lack of AM personnel and a current talent 

shortage for working in the AM at the European level in order to mitigate the high competition for skilled 

AM workers. 

 

4.3 Shortage of training centres, specially at Vocational Education and Training level, 

capable of delivering AM training (cost of the equipment/software, qualified personnel 

for delivering training)  

Surveys carried out within the SAM project show that there is currently a clear focus on higher 

qualification levels in the educational provision for AM. 2/3 of the offers (65.52%) and thus the majority 

can be assigned to the level of the Bachelor's or Master's degree (see Figure 6). These qualifications are 

typically awarded at Universities and Universities of applied sciences. While AM is therefore already very 

well represented in student education, there are hardly any offers for the level of vocational qualification 

of EQF level 4, typically offered by vocational schools and continuing vocational education and training 

providers and none for EQF level 5. 
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Figure 6 - Targeted AM Training Levels, according to Survey to the Training Centres, 2020 [5] 

The training providers deliver their training at customer's premises or at the training centre itself. The last 

point is not suprising, as the majority of the offers is for EQF Level 6 & 7 and assumed these are mainly 

offered by Universities. Another significant proportion of training courses are offered online. From the 

sum of the answers it can be concluded that individual providers use several ways to offer training (at 

company site/education centre or as mixture of presential and online-training, e.g. blended learning). See 

Figure 7.Figure 7 - AM Training Nature of Delivery, according to Survey to the Training Centres, 2020 

 

 

Figure 7 - AM Training Nature of Delivery, according to Survey to the Training Centres, 2020 [5] 

As part of the same survey, the participants that did not provide AM courses were asked to identify the 

main obstacles to this. The majority (45.5% ) answered that there was the lack of requested training from 
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the AM world. This lack of requests can be justified in two opposite ways: i.)  either the training offers are 

low and do not fit to the costumers needs; ii) either the number of training centres given AM courses is 

huge enough to generate the diffusion/ fragmentation within a certain country or region, thus given the 

impression that there is a lack of demand. At 36.4% was the lack of AM equipment whereas the lack of 

trainers was only 9.1% of the responses (see Figure 8). Obviously that in addition to the lack of equipped 

training centres, the lack of training offers and demand from the industry are important aspects to 

consider when analyzing gap driver 3.  

 

 

Figure 8 - Obstacles to AM training, according to Survey to the Training Centres, 2020 [5] 

 

Moreover, the 3DP-VET project (KA2 Erasmus+) investigated the spread of 3D printing in education, 

recently identified factors limiting the use of 3D printing in VET and (evaluated existing international and 

national training programmes referring to 3D printing in education with special attention to VET (VET (IO1: 

Research report (3DP-VET) 2020, respectively p.37 and p7).  The conclusion points that 31% of experts 

indicated that the main factor limiting the use of 3D printing in VET is tƘŜ ά[ŀŎƪ ƻŦ ŎƻƳǇŜǘŜƴŎŜ ǘƻ ǳǎŜ о5 

ǇǊƛƴǘŜǊǎέΣ ол҈ ƛŘŜƴǘƛŦƛŜŘ ά/ƻǎǘ ƻŦ о5 ǇǊƛƴǘŜǊǎέ ŀǎ ǘƘŜ Ƴŀƛƴ ŦŀŎǘƻǊ ((3DP-VET) 2020, p37). 20% identified 

ά[ŀŎƪ ƻŦ ƳŜǘƘƻŘƻƭƻƎƛŜǎ ŦƻǊ о5 ǇǊƛƴǘƛƴƎ ƛƴ ŜŘǳŎŀǘƛƻƴέ ŀƴŘ мо҈ άwƛƎƛŘƛǘȅ ƻŦ ŎǳǊǊƛŎǳƭŀέ (3DP-VET) 2020, p7). 

Only 1 to 4% ƛŘŜƴǘƛŦƛŜŘ ά!ōǎŜƴŎŜ ƻŦ ōŜƴŜŦƛǘǎ ŦǊƻƳ ǳǎƛƴƎ о5 ǇǊƛƴǘŜǊǎ ƻǊ άIŜŀƭǘƘ IŀȊŀǊŘέ (IO1: Research 

report (3DP-VET) 2020, p37). [10] 

In a nutshell: 

¶ The higher levels of qualifications are well served, however they may be primarily at universities 

and not VET focused . ¢ƘŜǊŜ ǎŜŜƳǎ ǘƻ ōŜ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ƎŀǇ ŀǘ ǘƘŜ άƭƻǿŜǊέ ŜƴŘ ƻŦ ǘƘŜ 9vC ǎŎŀƭŜ 

which would translate directly (in most cases) to a vocational qualification at the Technician level 

¶ The lack of training facilities with ready access to AM equipment is hampering the provision of 

education and up-skilling which must be overcome 

The lack of competence/knowledge of the training staff also influences why training centres cannot 

provide training, although this is not the dominant factor which indicates a need to capacitate trainers. 

9.09%

36.36%

45.45%

27.27%

What is main reason for not providing AM courses?

Lack of trainers

Lack of equipment

Lack of need/Request from market

Other (please specify)
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To conclude, the preparation of the European, National and Regional Training organizations in terms of  

equipment and qualified personnel is a crucial objective to tackle the challenges of AM for qualified 

personnel.  

 

 

4.4 Sector and process specific requirements for AM, that are also reflected on the 

qualifications of professionals  

The substantial growth of AM is partly attributed to the fact that AM is being utilised across various 

sectors, which include (but not limited to): Transportation (e.g. aerospace, automotive and maritime), 

Medical and health, Energy (e.g. oil and gas), Fashion and retail, Industry equipment and tooling and also 

Construction.  

However, one of the gap drivers identified is the sector-specific requirement for AM professionals. This 

means that there are different AM requirements across various industrial sectors. For example, desk-

based research within Work Package 1 (e.g. Deliverables 1.2 and 1.4), surveys and workshops (e.g. 

Deliverable 4.5) alongside information from the literature showed some examples of some sector-specific 

requirements for AM across different sectors [11] [12] [13] [14](see Table 1).  

 

Medical and 

health 

 

Transportation  

 (aerospace, 

automotive and 

maritime)  

 

Energy 

 

Construction 

¶ Customisation and 

complexity (i.e. 

patient-specific 

necessities) 

¶ Regulatory issues 

and quality 

assurance  

¶ Material limitations 

(e.g. biomaterials) 

¶ Affordability and 

accessibility  

¶ Sterilizable 

materials  

¶ Modelling 

capabilities for 

interactions with 

human parts (e.g. 

organs, cells) 

¶ Fast production rate  

¶ Geometric design 

freedom (e.g. 

fabrication of large 

components, complex 

geometries) 

¶ Scalable and efficient 

material/production 

process 

¶ Customisation  

¶ High precision and 

consistency  

¶ Sustainable and 

lightweight materials 

with good mechanical 

properties   (i.e. high 

strength to weight 

ratio) 

¶ Low cost 

¶ High-temperature 

materials  

¶ Standardisation, 

consistency and quality 

assurance  

¶ Scalability and 

modularity 

¶ Use of multi-

materials (e.g. 

composites) 

¶ Excellent surface 

finish  

¶ Complex shapes 

and parts 

¶ Smart and 

sustainable 

materials with 

excellent 

mechanical 

properties  

¶ Good surface finish 

and layer-by-layer 

appearance  

¶ Excellent and 

consistent 

mechanical 

properties  

¶ High precision and 

complexity 

¶ Low cost  

¶ Scalable part size 

¶ Standardisation and 

quality assurance 

Table 1 -  AM requirements across different sectors 
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 Therefore, there is a need for a harmonised approach for training involving different sector stakeholders 

to address the skills development programmes focused on sector-specific needs in AM. Furthermore, AM 

is considered a disruptive technology, and its rapid progress also means that there are not enough skilled 

professionals available to meet the demands, and especially to operate across sectors [15], [16]. The 

significant growth and technological advancements of AM have led to the demand and changes in the 

skills requirements and qualifications for professionals across different sectors. Also, advanced 

manufacturing contributes to about 1.6 million jobs in the EU, which is expected to increase significantly 

soon [17]. However, there is a challenge of finding suitable professionals in AM across different sectors as 

there is currently no AM platform or organisation that addresses the sector-specific requirements or the 

mobility or adaptation of AM professionals for various sectors and countries. There is also a need for 

modular and flexible training programmes that can upskill AM workers and ensure their mobility between 

different sectors and countries.  

According to The Manufacturer [18], the most common barrier for the adoption of AM across different 
sectors is a lack of appropriate skills in design, production, materials and testing. There is also a growing 
demand for highly skilled AM professionals with a multidisciplinary and more comprehensive skillset, 
covering different aspects of AM (e.g. design, material and process selection, post-processing, testing, 
quality inspection) [9]  [19]. This is further complicated due to the diverse range of manufacturing 
processes available within AM [2]. More precisely, ISO/ASTM 52900 has seven main categories of AM, 
which are binder jetting, directed energy deposition, material extrusion, material jetting, powder bed 
fusion, sheet lamination and vat photopolymerisation [20]. In addition, different materials are increasingly 
being used in AM, which include metals and alloys, polymers, concrete and composites. In general, there 
is a need for a combined approach involving stakeholders from different sectors including standardisation 
bodies, educational and industrial councils to develop relevant qualifications that cover the 
aforementioned skills, educate and prepare a diverse workforce of AM professionals to meet sector-
specific requirements.   

4.5 Fast evolving technology and industry  

Another gap which is preventing the development and advancement of a dedicated AM workforce has 

been identified as ǘƘŜ άŦŀǎǘ ŜǾƻƭǾƛƴƎ ǘŜŎƘƴƻƭƻƎȅ ŀƴŘ ƛƴŘǳǎǘǊȅ ƛƴ !aέΦ This means that not only the 

technology is advancing at rapid speeds, as will be further described below, but also the industry is 

changing at very fast pace. In order to stay on track with developments, the workforce must be constantly 

alert as to what new developments are available on the market. Furthermore, the available education 

programmes must be able to adapt to new developments and incorporate them very quickly in order to 

deliver the most up-to-date courses. For this, flexible and interchangeable training systems are the key.   

.ŀǎŜŘ ƻƴ ǘƘŜ ǊŜǇƻǊǘǎ ƻŦ ŘŜƭƛǾŜǊŀōƭŜ 5мΦо άLong Term Technological and Industrial Planέ ŀnd the D4.5 

άwŜǇƻǊǘ ƻƴ ǘƘŜ !ƴŀƭȅǎƛǎ ŀƴŘ ±ŀƭƛŘŀǘƛƻƴ ƻŦ ƴŜŜŘǎέ ƛǘ Ŏŀƴ ōŜ ǎŜŜƴ ǘƘŀǘ ŀ ƭƻǘ ƻŦ ǘƻǇƛŎǎ ŀǊŜ ŎǳǊǊŜƴǘƭȅ ŜǾƻƭǾƛƴƎ 

in AM technology. Some examples can be seen in the sharp rise of new processes or the evolvement of 

άƻƭŘέ ǇǊƻŎŜǎǎŜǎ ōǳǘ ŀƭǎƻ ǘƘŜ ǉǳƛŎƪ ŀŘŀǇǘŀǘƛƻƴ ƻŦ needs in terms of automated post-processing 

technologies. Furthermore, as AM is often considered one the pillars of Industry 4.0, digitalisation of the 

ǇǊƻŎŜǎǎ ŎƘŀƛƴ ŀƴŘ ǘƘŜ ŀŘǾŀƴŎŜƳŜƴǘ ƛƴ ǎƻŦǘǿŀǊŜ ŘŜǾŜƭƻǇƳŜƴǘ ǎǳŎƘ ŀǎ άŘŜŦƻǊƳŀǘƛƻƴ ǇǊŜŘƛŎǘƛƻƴέ or 

machine learning algorithms often go hand in hand with a quickly evolving technology.   

Figure 9 gives a good description of the current market situation in AM in 2020. It can be seen that the 

market is already extremely diverse with a lot of start-ups and small companies. Moreover, the market 

will become even more diverse when άnewέ topics will enter the market such as cybersecurity, multi-

materials, machine learning and printed electronics. This scattered diversity is beneficial in terms of 

technology evolution, upgrading of existing ones and competition, but also allows for the AM workflow 

to very quickly lose the overview of the current situation and evolving trends. Furthermore, a quickly 

evolving market could easily lead to outdated education programs lagging behind the technology or 

industry needs.   
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Figure 9 - Overview of market segments and companies for Additive Manufacturing in 2020 (courtesy of AMFG) 

 

Further specified in deliverable D1.3, looking at the long-term topics in terms of ICT and PROCESSING, 

ǘƘŜǊŜ ƛǎ ŀ ŎƭŜŀǊ ǘǊŜƴŘ ǘƻǿŀǊŘǎ ǘƘŜ άaŀǊƪŜǘ ǳǇǘake of new AM technologies and downfall of existing AM 

ǘŜŎƘƴƻƭƻƎƛŜǎέ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ƴŜǿ ŀǳǘƻƳŀǘƛƻƴ ŎƻƴŎŜǇǘǎΣ ƳƻŘǳƭŀǊ ǇǊƛƴǘŜǊǎ ƻǇŜǊŀǘŜŘ ōȅ 

robots and an increasing demand in desktop machines. For ICT, the long-term trends will be advanced 

monitoring systems, advanced data analytics and advanced close-loop controls for automated adaptation. 

Along with these topics goes the need to increase and adapt the knowledge in order to implement the 

technologies properly. New knowledge will be created at significant speeds and depending on the type of 

specialisation, industry needs might not be successfully matched due to a lack of knowledge.  

In terms of post-processing, an overall automation process will be seen to reduce the manpower as this 

is still generating a significant amount of part costs. Along with the automatization of post-processing, 

monitoring process control and an increasing demand for modular systems, goes the need for new 

standards creation. The knowledge of an operator for example will increase from the manufacturing 

process itself to knowledge about all process steps in the AM process workflow. 

Materials will possibly play one of the largest parts in evolution of the AM technology. The customisation, 

increased productivity and material characteristics of parts will further the advancement of new material 

creation, new applications and products. Currently, printed electronics, fit-for-purpose, multi-material, 

bioprinting and 4D printing are expected to be evolving quickly in the long-term run. Along with the 

development of the materials, will be the development and upgrade of technologies in order to process 

the upcoming materials. As an example: in 2019 the SEMVOL database listed 1700 available and 

researched AM materials. In 2020, this database expanded to 2245 AM materials.  

In Figure 10, an overview of the trends identified for AM, based on industry and research can be seen: 

new material development and real-time control and monitoring will play an increasing role in the future 

of AM to provide zero defect manufacturing.   




























































































