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1. Executive summary

Implementing Additive Manufacturing (AM)/3D printing requires preparing the coming workers and reskilling the current
workforce in order to successfully adopt these technologies. In this sense, it is needed to better anticipate the current
and future AM shls needs at manufacturing workplaces in Europe.

AlongSAM projecR | G |
to different scenarios:

02ttt SOGA2Y YR FTSSRol O LI wereSramed &Srdidlgh G K S N

Scenario 1: Real case, in which extent skills need to be aédr@s$ess than 6 months.
Scenario 2: Shotterm, how relevant skidl/ trendsneed to be addresseith the less than 2 years.

Scenario 3: Foresight scenarios, how relevantsskilends needbe addressedn the future within the
next10 years.

The current report constitutes thbaseline to identify skills gaps and demand§the AM Sectorfor the real caseand

short-term scenarios ThissecondReport on the Analysis and Validation of Needs, corresgdndthe 2" round of

auscultationusingsurveys andnterviewswith key target groups, nametpmpanies AM workers trainingorganisations
andrecruitmentagenciesrom June2020to April2021

Four criteria were used to determine the priorities to tackle fdentified skills needs and gaps, which were: sectors
relevance in alignment with 1ISO activities, urgency, impact on employability and relevance towards raising awareness on
AM. The valida¢d data on skills needs are used as reference to support the European AM Skills Strategy and to revise
existing trainingprogrammes of the Internadinal AM Qualification System (IAM@®H develop new ones

In a nutshellthe skills gaps and demands fgichscenario andarget groupare summarized below:

AM Workers Skills Gaps
(Real Case and Shaerm
Scenario survey, 2020022)

Addressed in AM Courseg

Skills (Source 2019 survey)

AM Companies Skills Gaps
(Realkcase Scenario 2020 surve

1 AM Processes
1 AM Applications 1 AM processes 1 Postprocessing
: Design (CAD 1 AM applications 9 Certification and
Technological . : . L
9 Modelling) 1 Materials' analysis and validation, standards and
1 Materials analysis and characterization Design costs
characterisation
1 Creativity 1 Learn_lng through_ o _
. . experience Working 1 Creativity Financial and
. 1 Working with others . 7
Entrepreneurial 1 Learning through with others economic literacy
earning throug 1 Vision Spotting 1 Working with others
experience I
opportunities
Ecoedesign, . . .
) : '9 -~ 1 Life Cycle Analysis (LCA
9 Circular economy 1 Resource efficiency .
. . Circular economy
Green 1 Life Cycle Analysis management g
. Resource efficiency
(LCA) 1 Circular economy
management
_ T Avility to think 3D, 9 Ability to think in 3D
- 1 Cybersecurity 1 Digital data - .
Digital 1 Ability to think 3D management Digital T Digital data analysis,
y 9 9 1 Digital data management

SAMc 2nd Report on the Analysis and Validation of Needs
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1 Materialsnamely towards the implementation of new applications and products
all materials; related to the development and standardization of new mater
multi-material parts;

New knowledge on 1 AM processing namely about AM machines for ramiéiterials; multifunctional

trends until 2022 for parts incl. Parts with embedded sensors, hybrid machines and faster AM 1

AM Workers machines;

(survey, 20202022) 1 Postprocessing namely processing trends, new quality standards, desig
minimize postprocessing, improved heat treatments as well as new surl
finishing and automatiolf support removal;

1 ICT and quality control related to improved AM process control, new inspectiol
techniques and advanced monitoring systems.

Required AM Professional

Materials ; Future upskilling needs
Profiles
AM Companies Metals followed by Process engineer, the AN R&D staff and quality
(2020 survey) Polymers designer and the materials managerson technological
engineer aspects suclas standards,

post-processing,  desigr
and the AM process
AM Occupations
(Both Metal AM and Sectors with more job demands  Growth of AM demand
Employability in AM Polymers)
(GEEONMEAGEREES Process engineer Automotive and Aerospace Demand for AM
Survey, 2021) Designer, Materials professional hagjrown 2%
engineer and 30 % from 2019 to 2021
Operator/Technician

Thenextactivitiesto be undertaken inSAMproject forecastin 2021and 2022 foresee he continwusidentification of
current and shortterm needswith industrial organizations AM professionals/workerstraining organizations and
Research Centrds map the relevanAM skills gaps and needs.

SAMc 2nd Report on the Analysis and Validation of Needs
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2. Introduction

SAM project is a strategical approach to skill&\, which is developing a dynamic forecast methodology focused on
skills gaps, shortages and mismatches identification, anticipation and validation, in order to develbpranevise
qualifications and profiles in AM with the engagement of relevant stalddrs within the European and National
landscapes.

The 2" round of forecast methodology addresseéd SAMrelied on acontinuousmarket researcto determine skills
mismatches and gapm the AM sectorusing a combination of methodwith different target groups. The main
auscultation was performed using set ofonline surveys withrepresentatives from industryboth employes and
workersin AM, training organisationand recruitment agencies.

After collectingdata, their analysiswas performedduring an internal workshop, thus defining the skills prioritesd
areas that needdfurther expldtation in the nextstageof datacollection The last step othe forecastprocessconsised

in the validation of skills needs with external stakeholders during a dedicated works@opaplementary activities were
conducted such as interviews witilolymers Experts, enabling to analyse in more detail AM applications and solutions
to tackle AM skills needs.

The curret report, developed in the framework of th&M ObservatoryWork package 4yathers the main findings and
conclusions taken from the application of developed forecast tools (Work packageigtonstituting thebaselineto
definethe activitiesto beimplemented inthe Piloting of the methodology for creating and revising professional profiles
and skills deploymer{iVork package 5p" stage of Real Case Scenario and Shertn Scenarios

The reportis organisedn the following parts:

f Section3a ! LILX A S Rioda Sineiés 2he description of thappliedmethodologiesused in the skills
forecast;

f Sectiod & w Llasde and Shott SN a { 1 A f f §adtr&SSBharesutS achieveaivithéeachtool (eg.
surveys, interviewsnd workshopg). The resultson AM tainingpractices,skills needsand Employment Data
are given separately, as they werecovered by specific surveysfor each target group (e.g industry
representativesworkers organisations involveth trainingactivitiesand recruitment agenciesndin different
periods.

f Sectiorba w S &/ d2f YL NJ&dardsges theomparisorbetweenfindings namely the comparison of needs
evaluation from 2019 to 2021, the training, industry and recruitment agencies surveys results and the industry
vs workers survey results.

f Section6d / 2 y Of -guddksdeg thavalidationof results mainconclusionsndreflectionon the next steps
thuspointingout the prioritiesto follow in SAMo addresshe development of kills, profiles and qualifications
in AM.

f Section7d ! yy S in@uiles all annexesnd supporting document(g.workshopsagenda and thelist of
participating organisation
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3. AppliedMethodology

The current chapter on the methodology, describes the conditions in which the tools faateMollection and analysis
were applied.

Theimplementation ofsurveyswas the main tools used fagathering data among stakeholdei®nly online surveys
were conducted, which were promotethrough personalemails, included in newsletters angdisseminated during
specific events and networksuch as thehe AM-Platform, CECIMO, EPMA, E\tiRong others. Alsca QR codavas

created to facilitate the access \danartphone or another electronic device.

Foursurveyswere carried oufrom June 202Q@o April 2021 aiming atdifferent objectives andarget grougs, namely:

1 Surveyon AM Training Practice§rom Julyto December2020)- to understand and map educational practices
deployed byTraining Organizationsoncerning AM training in Europe

1 Workforce Industry Surveyfrom July 2020 to October 2026 find out skillsdemandsrelated to AM among
current professionals

1 Industry Surveyon AM Xkills (from Augustto December 2020¢ to find out employers/industry needs with
regards toemergentAM professionabprofiles, skills and gaps;

1 Recruitment Agencies Survdéfrom March to April2021)c¢ to find outamongRecruitment Agenciewhich are
the job opportunities and employability datncerning the AM in thiabour market

3.2 Interviews

Interviewswere conducted aa complementary tool to the surveysnabling toexplorein more detail which skills needs
are required to be developed in future training programmesterviews were conductedor two months, from with
representatives from industrgelectedaccording tahe followingcriteria:

1 Atleast arepresentative from each type of company (e.g. SME; Start up; Large company; industrial Association).
9 \Variability in terms of countries and gender balance.

The estimated duration of the interviewvas 30 minutes toone hour. A common script wa used to conduct the
interviews which combined multiple choice and open questions.

After collectirg data, they wereanalyzedduring an internal workshop, thevalidated withindustrialexpertsduring the
working sessioras detailed in chapte8.1.2 and 3.1.3.

3.3Workshop for data analysis
The2" workshop for data analysisook place ofine on 3 December 220, duringSAM5" project meeting where all
partners participatedA specific agenda was established to guide the working session implementatiofnisexl).

The workshop aimed atnalyizng and discussg the results from the surveysn order toconclude abouthe AMskills
gaps, professional priésto be addressed in the negixmonthsandtwo years.

LAK leader of WB (Piloting of the methodology for creating and revising professional profiles alfel dployment
was responsible foconducingthe workshopintroduction andgroupsmoderation.

Tofacilitate the results analysithree groups weresetto discusshe different surveys resultsonducted with training
centres, industry workers antbmpaniesPartners were equally grouped into three groyps guaranteeexpertise and
gender balance.

Group 1(composed b¥EWF, LMS, EC Nantes, UBRUN, Ansys anthtlid&d the resultsrbm the training centres survey,
aiming to characterize the curretandscapeof AM training while group 2(composed byiSQ, EPMA, IMRORTEK,

SAMc 2nd Report on the Analysis and Validation of Needs
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AITIIP, MTC and LAdqd group Jcomposed byDONIAL, CECIMO, FA, POLIMI, Materialise anddd#d respectively
the resultsfrom the AM workforcesurveyand companiessurvey thus focusingon the analysisof skills gapsrequired
professional profileand /or qualificationsand defining the priorities for the scenariosreal case (less than 6 months)
andshort term (less than 2 yearsgenarios

After the analysis, conclusions were presented by the rapportgfugach groupA detailed description can be fourid
the conclusionghapter.

Neither the interviewsnor recruitment agenciegindingswere approacted by the analysis, athey were performed
afterwards.

3.4 Workshop fotthe validation of skills needs
The 29 SAM workshop for the validation of skills needs took place online on thd@7uary 2021aiming at:

1 promotingthe awareness on SAM, and its latest results; importance at political and industrial levels;
1 discusing about AM skills needs, future Qualdtions and Trends considered as priority to support
the growth of the sector;

To achieve these goals, tivalidationsessiorused a combined appezhconsising of aplenaryto introduce participants
to SAM objectives and results, followed by a handsactivity with the Industrial Council Experts grauefer to the
agenda inAnnex2 and the listof participatingorganisationsn Annex 3).

During the hand®n, themoderator usedslidoto launch and monitor the discussion, which was supported by a guiding
script containing the summary information on each topic.

A detailed description on the workshop aduasionscan be found in chapter 4.
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4. Real Case artshortTermSkills NeedResults

¢ KS a dzNI Sargeting sNdst@rdztskillsi needsare described in this chaptecovering the auscultation oAM
Education and Training Providefsyl Workers and AM Companies. The applied suraelgess severdbpics, such as
General information and backgroundM trainingactivities AM skills and professional profiles needs, relevance of the

different categories of skills, AM Employability among others.

4.1 Findings on the surveys condedtvith Training Organisations
The survey was open from July to November 2020, gatherintphdb96 responses.

Generalinformation and background

All organizationsreplyingto the surveywere located within Europe with the majority dfiem 24% being in Spajn
followed by France with 18% (s&eror! Reference source not foung.In terms oftype of training provision giverthe
majority of organizations areJniversities(53%) followed Research Centres (15%), Technology Cefif%), and

Private Training Centres (10%)

Austria
313% (3) Other (please

United Kingdom Belgium specify)
G " 5,91% (5)
A T Croatia Private Trainirig —-“\\

313% (3) Center

Fi
7% 07 10,42% (10)

Spain

23,96% (23) Technology Center —_

1,46% (11)
University
53,13% (51)

Germany
5,21% (5)

i Greece

2,08% (2)

Ireland
2,08% (2)

Portugal .

13,54% (13) \\}\
Poland .
1,04% (1) \/

Netherlands
2,08% (2)

Italy
16,67% (16)

Figurel -Participants Country Origin

In terms ofgeneral trainingdelivery focused on specific secte(seeFigure3), organizationgrovidingcourses mainly

Research Center /
14,58% (14)

VET School
5,21% (5)

Figure2 -Types of training centres

target the industrial equipment and tooling sector with 688hreplies followed by theautomotive sector(59%), and

Aerospace(50%.
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Do the courses target any of these sectors?
Other (please specify)

Construction
m Industrial equipment and tooling
m Energy
m Electronics
m Consumer goods
m Health

: . } ) f 5 f . ! . m Automotive
0% 20% 40% 60% 80% 100% m Aerospace

Figure3 - Targeted sectors in general training activities

Participantawere asked to indicate the number of students trained every year by their organigaten

= Less than 100
ﬂm = 100-300
w @ ’ = 300-600
‘J 600-1000

= More than 1000

\

Figure4 -Number of Students Trained in AM Yearly

)Fromthe 89 responsd¢’5 OSA SR Al OFy 6S RSNAGSR (KI G ompraygafly (KS
basis. However, 30% train more than 1000 studemhile 20% is trainigbetween100-300 studens each year.

2%
= None
« Less than 100 S%E:’\ e = Less than 100
ﬂ = 100-300 m\" = 100-300
1\ w’ = 300-600 300-600
\J 600-1000 = 600-1000

= More than 1000 = More than 1000

= Other (please specify)

Figure4 -Number of Students Trained in AM Yearly Figure5 -Number of Students involved in AM Training

From the above number of students trained every, the majority correspondinglLéd of the trainingentreshave less
than 100 participants each year participating in AMirses (se&rror! Reference source not founyd.

Regarding the training practices, 65% of training centres offered specially AM courses. There were 22% of the
participants stating their courses did not focus AW butwere related to and 3% answered that their courses did not
focus on AMKigure6).

SAMc 2nd Report on the Analysis and Validation of Needs
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Do you currently offer courses specifically related to AM?

G .

= AM is not the main focus, but it
is related to

Figure6 Relation of the courses with AM

To identify the major obstacles in AM education and traippeyticipants that did notleliver AM courses were asked
to identify the main reasons. The major reason identifieth 45%o0f the responsesvas the general lac&f requested

training, followed by 36%that identified the lack of AM equipmentwhereas the lack of trainers was only 9% of the
response(see

Figure7).

What is main reason for not providing AM courses?

y -

= Lack of trainers

= Lack of equipment
/ Lack of need/Request from marke
= Other (please specify)

Figure7 Main reason for not providing AM courses

More analyticallythis lack of requesttowards AMtraining, mentioned by the majority ofhe respondentscan 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 centers givg AM coursess huge enough to generate the diffusion/ fragmentation withi certain
country or region, thus given the impression that there is a lack of demand. As it concerns the lack of AM equipment
whereas the lack of trainers. Obviously that in addition to the lack of equipped training centelackioétrainingoffers

and demandrom the industry are important aspects to consider wiaaalysingskillsgap driver. To conclude, the
preparation of the European, National and Regional Training organizations in terms of equipmequalifibd
personnel is a cruciabjective to tackle the challenges of AM for qualified personnel.
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Additive ManufacturingTrainingActivities

The AM education was initiated in the form of complentary courses and as optional prognanes in major engineering
degrees. The certaistandalone aspects of the AM technologies (e.g. Design for AM) made it possible to be delivered
online in the form of online courses and webinars.

Up to date, 27% of the organizatiomentioned to beconducingAM online training. Théaceto-faceapproachprovided
byan education cengwast f a2 LINBEFSNNBER FTNBY (GKS pmr 2F (KS NBaLRYyRS

Figure8).

How do you provide training ?

= At the company site

In an Education Center
= Other
= Other (please specify)

Figure8 AM Training Nature of Delivery

From the respondets that selected otheoptions, most of them provide trainings at the facilities of the client or at their
own. The training providers deliver their training at customer's premisest the training cente itself. From the sum

of the answers, it can be concluded thatdividual providersused severalways to offer training (at company
site/education cente or as mixture of presential and onlisimining, e.g. blended learning).

Interms of targetedevels,there was a clear focus on higher qualification levels in the educational provision for AM and
thus the majoritywere assigned to the level of the Bachelor's or Master's degfbe. majority of the offersvere for

EQF Lede7 6 A 1 K np> 2F GKS NBalLlRyaSa asduiingBasewsrd mdinly affierddib® NI &
universities(seeFigure9).
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= Targeted EQF level 8 -
Correspondence to PHD degret

= Targeted EQF level 7 -
Correspondence to Master's
degree

= Targeted EQF level 6 -
Correspondence to Bachelor
diploma or certificate

20.69%

Targeted EQF level 4 -
Correspondence to Upper
Secondary national diploma

= N.A.

Figure9 - Targeted AM Training Levels, according to Survey to the Training Centres

While AM is already very well representedacademiathere are hardly any offers for the level of vocational qualification
of EQHevel 4, typically offered by vocational schools and continuing vocational education and training providers and
none for EQF level 5.

Another question dedicated to the nature of the AM training and education was about the duration and the
characteristics bthe AM courses. The majority (45.83%) responded that they provided only-&noricourses targeted
to specific AM aspects of the technologies, follows the rate of 37,5% of both short and long term courses.

Type of AM training programmes Duration
100% -
| Short term, addressing m All duration
specific learning modules options
or subject (ie. summer
school, seminar, worksho %
u Both part time
and intensive
m Long term, addressing % modules
50% - set of learning module: 0
and leading to a % [ Both part and full
Qualification 29% time
hort / intensiv
37.50% ?Oth shortand long o rSno?iujlles ensie
erm courses 0
0% ’ m Full time
0% 50% 100%

Select applicable options

FigurelO- Type of training courses preferred to be offered Figurell-Preferred duration of the training courses offer

Finally, 16.67% answered that they offededg term, addressing a set of learning modules and leading to a Qualification
(seeError! Reference source not found. As it concerns the duration of the courses, 29% answered Short / intensive
modules as the duration of courses and 25% answered Full time courses.
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Participantgreferabletrainingmode of deliveryis the Presential Learning / classroom lectuiiegicaed by 93% of the
respondents (se€igurel?).

Modes of delivery

4%

= Presential Learning / classroom
lectures

Blended Learning (ie. Presentia
and distant learning)

= Distant Learning (ie. online)

= Both Presential and Blended
learning

Both Presential and Distant
learning

Figurel2 Modes of the offered training courses

The current taining surveyindicated whichsubset ofskills were mostly addressed in the courses because of gaps or
demands to be taught. Four categories of skills were addressed in this analysis, :naomelglogical, green, digital and
entrepreneurial

In the field ofTechnologtal skills(seeError! Reference source not founy 91%of respondents mentionetheir courses
addresed AM processes, followed by AM application with a rate of 85%@ significant AM skills are lackimg the
training offer, as only 18% ofrespondentsindicatedthat Certification and Validation was addressed in the courses
related and 35% for Testing and Quality control. This is an important information which should be considered in the
future.

SAMc 2nd Report on the Analysis and Validation of Needs
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Which technological skills do your AM courses Which entrepreneurship skills do your AM
address? courses address?
Other (please Other (please
specify) specify)
15% 3
; %
AM machine :
) Learning through
0,
48% handling and experience
feedstock 38%
R dlin
. ediipment Working with
acquisition
q 42% others
9% = AM applications
g Coping with
20% ambigui_ty, .
. uncertainty and risk
Sensing
m Planning and
management
Robotics/autom
ation 8% m Taking the initiative
B EHS %

Financial and
economic literacy
m Standardisation

= Mobilising
resources

m Tolerances/Test
ng/quality

control/metrolo = Motivation and

preserverance
] @ér‘tification and
validation
m Self-awareness and
. self-efficacy
m Destructive
testing and non-
destructive m Ethical and
- Egg{lgrocessing sustainable thinking

B Valuing ideas

m Pre-processing
& material

r T handling

0% 50% 100% :

0% 50% 100%

Figurel3-Technological skills addressed by the AM courses  Figurel4 - Entrepreneurship skills addressed by the AM cours

Within the Entrepreneurship skillsCreativitywas the most addresseskills in the training courses, accordingd® of
respondents, followed by Working with other 42%. The least one being taught in training centglolvéizing resources
with a rate of 6%seeError! Reference source not founy.

ForDigital skills(seeFigurel5Error! Reference source not foundi.the Ability to think 3D, received the bigger rate of
69% of respondents, whmentioned its presence in the training courses, fokmbythe answer that courseid not
address any specific digital skills with a smaller rate of 27%. However, thdilgitetskillsaught in training centrwas
Cybersecurity with 5%.
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Which digital skills are addressed in your

AM Courses?

3%

0% 50%

m Other (please
specify)

m Coding /
programming

m Cybersecurity

= Ability to think in
3D

m Digital data
management
(big data,
adalraaradac

m Digital data
analysis (Artificial
intelligence/
machine
learning...)

100%

Figurel5-Digital skills addressed by the AM courses

S SECTOR SKILLS STRATECY

Which green skills are addressed in your AM
courses?

3%

18%

0% 50%

100%

Other (please

specify)

Green products

m Green resources

m Circular economy

m Eco-design

m Life cycle analysis

(LCA)

m Green awareness

m Resource efficiency
management

Figurel6-Green skills addressed by the AM courses

ForGreen skill{seeFigurel6), Ecedesign received the majority of the answers with 37%, followed by Circular economy
35%. The least one being taught wasenresources 15%.

In terms of mechanisms, to keéack on trahees after the end of the coursa significanpart of theansweswasthat
the tracking mechanismdepended on the coursewith a rate of 41%Additionally, a really goochumberof participants
(38%)answered that they keep track the trainegseeFigurel7Error! Reference source not found Also it was asked
to identify the mechanisms they ud¢o keep trackof their students and trainees. The majority respondedfoiw up
guestionnaires(seeError! Reference source not founy.

Do you keep track on trainees

after the end of the course?

What mechanisms do you use to keep track?

100%
= Depends on 80%
the course
60%
o m No
40%
0f -
mYes 20%

r T 1

0% 50% 100%

0% -

Figurel7-Tracking on trainees after the courses
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16%

m Follow up
guestionnaires

m Follow up interviews

m Follow up meetings

Figurel8-Mechanisms for Tracking AM Education
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social media channels and tools (e.g. LinkedIn).

It is worth noting that approximately half of the survey participants (49/96) answered this question. Judging from the
plethora and variety of the avaible multiple answers it can be assumed that the rest of the organizations do not apply
tracking mechanisms or follow up procedures for their AM training and education activities.

Learning andAssessment oolsin AM Training

The results gatheredhrough the taining survey lought an awareness about theelevanceof different learning
[training tools andevaluation methods in the existing AM trainipgograms according to the targeted categories of
skills.

Globally, it could be observed that cbimed learning approaches were used for all categories. 188llilits showed that
Lecturesgenerally vere the most commorapproachin trainingfor the different categories odkills(seeFigurel9). For
exampleregarding theechnological skillparticipants confirmedhey wereaddressedit 89%by lectures.Case studies
received also a satisfying rate of 61% for Technological skill$8% for Entreprenetal skills.Practical activitiesn
Laboratory received highrate of 75% for Technological skills. In contrast the leasd approacthin trainingfor the
mentionedskills wasVisit site, not surprisingly, its usage rate was vaw lfor Digital skills.

Training method(s) useir each skills' . )
Assessment methodssed ineach skills category

category
_ Videos Practical
Green skills _ activities in
N ' Green skills Laboratory
m Visits on Sit m Problem-
Based
o _ . learning
Digital skills = Practical Digital skills = Report
activities in
Laboratory
Problem- Thesis
Based
Entrepreneursh |earning Entr_epre_neursh
ip skills Working ip skills Working
groups groups
Case Studie  Technological Case studies
Technological skills
skills
m Tutorials \ \ m Written
\ 0% 50% 100%  exams
0% 50% 100%

Figurel9- Training method(s) for each skills' category

Figure20-Evaluation methods, relate each type of skills with t

assessment methods used

Training survey gauges the relevance of different assessment methods used in AM training to evaluate the learning
outcomes for the targetedategories ofkills. The resultéseeFigure20) showeda combination of methods and tool

The most used methodwas Writing exams with a rate of 59% for Technological skills, followedobking groups
activitiesfor Entrepreneurship skillwith arate of answers 57%. The least one applyasgessment approachasthe

Thesis with only 1996r Technological anBntrepreneurship skillsOn the other hand, among common tools/methods,
Laboratory practices was a leading solution in both training araduation, while Problem Based Learning was got less

attention.
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Globally,in terms of assessmemhethods and toolsthe Working groups wre a dominant (17%) followed by written
exams (16%)

Relevance of each assessment method

16% 17%
& >
b\e 0 Q/ 0 g
AT C A
Ok’b . ’\\’S’Ql (J’O%QJ \9(\00 Q
&k $OJ‘

Figure21 Relevance of differertssessmentethods forthe targeted skills

Analysingdata in more detailgoncerning each skills category.
Technological skills

Training survey gives some information aboutise training tools and evaluation methods for Techigidal skills. The

tools which were usd the most in teaching technological skills were Lectures 89% and Laboratory practices 75%, but
the least ones were Problem Based Learning and Tutorial both with(888&igure22). In terms of assessmerfior
evaluation method, the most one using was Writing exams (59%), followed by Laboratory préEtidgsand Working

groups (46%). The least one applying wassis with only 19%. On the other hand, among common tools/methods,
Laboratory practices was a leading solution in both training and evaluation, while Problem Based Learning was got less
attention (seeFigure23).

Training tools in Technological skills Evaluation methods for Technological skills
89%
75% 59%
61% 0 A47%
0 58% 52% 41% 46% 41%
39% 39% 41% 32% 32%
I I I 1 I I
5 &
S & & &
Vé}" B &o %@ (%o ¥ L .\;\&Q/ %OQ A\b Q;*g’ Q/_@ S ‘o <& Q@Q & -{_&\Q/‘o
& S & & > & 3 & S
(G £ N o & 3 & N &
& P ;de $<\ U $o‘ ) ) c?>
& & N Ko
& N Q¢
Q
Figure22 -Training tools in technological skills Figure23-Evaluation method in technological skills

Entrepreneurship skills

Training surveyives some information about the-imse training tools and evaluation methods for Entrepreneurship

skills. The tool which was using the most in teaching Entrepreneurship skills was Case study 59%, and the least ones
which were using were Laboratory praeicand Videos, 13% for botkrfor! Reference source not foundrigure
24Figure24). As evaluation method for the Entrepreneurship skills geseFigure25), the one which was applying the

most was working groups 57%, and the least ones were Thesis and Case studies, only 19% for both of them. On the other
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hand, among common tools/methods, however Case study was the popsiar training tool, it was the least apgdible
one for evaluation methodLaboratory practices was taken less attention in both training and evaluation. In contrast
with Laboratory practices, and Working group was an attractive solution for both of them.

Training tools in Entrepreneurship skills

59%
46%

I 28%
L >

Figure24 -Training tools in Entrepreneurship skills

13% 15% 139%

Digital skills

Evaluation methods for Entrepreneurship skills

57%
32% o
. 30% 279% .
22% 19% 19% I I 22%
(_’\’—)
e+7’ @+° & @ @? Q)’b .@Vf’
> Qo ° & S
o & Cgaq' N & \?}d‘
N N O
N o € {}‘@

Figure25-Evaluation methods in Entrepreneurship skills

Training survey gives some information abouuse training tools and evaluation methods for Digital skills. Mbst
usedtool in teaching Digital skills was Lectures 67%, and the least one was Visit on gedEyure26). For evaluation
method, the most ones which was applying were working groups and Laboratory practices, 40% for both, followed by

written exam 38%.

The usage percentages of all evaluation methedsin a range between 30% and 40%, the only

exception was Thesis, the least popular one with only 12% of usage. On the other hand, among common tools/methods,
Laboratory practices was indicated as an attractive solution in both training 46% and eval@¥% (se€igure27?).

Training tools in Digitalkills
67%
I 50% 44% 43% 350 46%

28%
11 | |15%

2 >
& NG & BN B3 &
X0 .
& & <© o ~ & <&
< K ) @ © Q¢
5 > & ] &
> N &
& & 3§
N

Figure26-Training tools in digital skills

Green skills

Evaluation methods for Digital skills

0, 40% 40%
300 O 34% 3006 0%
I I I 12%
o >
ij ®+'z> @b‘ ,\o &\Qef’ Q,Q 56”& ?}d\\@
o oS oo"o <& & €
Ok '{{@’ (J,b‘o \'&\(\ N4
& $o" QS

Figure27 -Training tools in digital skills

Training survey gives some information abouuse training tools and evaluation methods for Gresills. The tool

which was using the most in teaching Green skills was Lectures 80% with a significant distance from the other tools
where the next most attractive one was Case studies 35%, and the least one using in teaching Green skills was Visit on
site 16% Error! Reference source not founBigure28). For evaluation method, the method which was applied most

was Working groups 38%, followed by Written exam 33%, and the least one applying was ThéséeERBbre29). On

the other hand, among common tools/methods, Probl&ased Learning and Laboratory practices were two solutions

taking less attention in both training and evaluation.
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Training tools in Green skills Evaluation methode for Green skills
80% 38%
28% SN 28y 31% 4,
0 0,
35% 15% 21%
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Figure28-Training tools in green skills Figure29-Evaluation method for green skills

Alignment between companies and workeskills needs

In termsof AMrelated courses domains preferentially requested by both companies and wotkersesults reveal an
alignment between their needs.

For instancethe AM process is the most demanding course, where 85% of respondents mentioned it as the main domain
of caurses requested by companies, followed by Design (&A&elling 61% and AM applications 59%. Certification

and Validation was indicated by 41% respondents as the main domain of courses requested by companies, and a rate of
20% for Testing/quality controkal (seeFigure30).
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AM-related course areas requested b .
q y Main AM-related course areas requested by

companies workers
100%
80% - 100%
60% - 80% -
0p -
40% 60% -
20% - — —
40% -
0% -
m AM processes 20% - | T
B Simulation
= Topology optimisation 0% . |
m CAPP (Computer Aided Process Planning) for AM
m Design (CAD Modelling) = éM plrot_cesses
m Structural integri W simulation
= Material analygistiind characterisation = Topology optimisation .
= Pre-processing & material handling : gé;gn(((:g?gﬂ%gﬁﬁg) Process Planning) for AM
. ggi}ﬁgﬁis:nnf non-destructive testing = Structural integrity
# Non-destructive testi B Material analysis and characterisation
on-destructive testing m Pre-processing & material handling
m Certification and validation u Post-processing
] ToIerancgs/T esting/quality control/metrology Destructive and non-destructive testing
Standardisation ® Non-destructive testing
Environment, health and safety (EHS) m Certification and validation
Robotics/automation m Tolerances/Testing/quality control/metrology
Sensing Standardisation
AM applications Environment, health and safety (EHS)
AM Equipment Acquisition Robotics/automation
AM machine handling and feedstock handling Sensing_ )
Other (please specify) AM applications
AM Equipment Acquisition
AM machine handling and feedstock handling
Other (please specify)
Figure30-Main AMrelated course areas requested by
companies Figure31-Main AMrelated course areas requested by workers

Findingdndicatethat AM Courses provided for technological skills seem to be mamiented, as the top three
technological skills addressé@ttraining are also the most requestég companies and workers. More analytically, like

the main courses requed by companies, the respondents mentioned AM process as the most demanding course
domain requested by workers with a rate of 88%, followed by Design (CAD Modelling) 72% and AM applications 62%. In
addition, the percentage rates for two significant AMlIskare lacking, indicated by Industry survey, 22% and 27% for
Certification and Validation and Testing/quality control, respectij@eFigure31Figure31). As mentioned in the above

chapter of Tracking AM Education, the major obstacles identified in the delivery of training by those organizations that
R2y Qi LINBGARS ! a (i blio 12ysoffii redpdridents)@ ikl withithe/ 18k of requests (45%) and
the lack of AM equipment (36%), whereas the lack of trainers was only 9%.
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4.2 Findirgs on surveysonducted withithe AM workforce

The survewwith industry workerswas carried out fromJulyto November2020 among AM workersA total of 138
participants responded to the survey.

General information and background

Ly GSN¥Y&a 2F 3ISYSNIf AYyTF2NNIFGA2Y FYR LINIAOALI yiGaQ ol Of
which people are working. A can be observedsee Figure 32Error! Reference source not foundhalf of the
respondetd Of | & & A F xdr&spohding aH#ylieKE3hchtiorDrganizationdniversities,Research Centrand
NonProfit Association F2f f 26SR o6& 6afl NBS O2YLI yASaéd yR {a90& oI N

Type of organisation AM workers belong to Main activity/sector of workers organization

= Start-up ‘ ‘ ‘ Other (please specify)
m « SME 42% Industrial equipment
41% and tooling
Health
\ / Large company 22%

m Energy
Industrial

association .
m Construction

Figure32 -Type of company represented by AM industi
workers

Consumer

m Defence

m Automotive

0% 20% 40% 60% 80% 100%

m Aerospace

Figure33-Main sectors represented by AM industrial worker

In terms of most represented sectors of activity (§egure33), i KS& 02 NNB a LI23dR idedrtdied ashtlieK S NA
Education, Researchnd Development, ArchitectureMaritime, Sport; Softwarelndustry, Oil and Gas, Transport,
Roboticsand Biomedical (58 answers)sectors followed by the Industrial Equipment antboling sector (41%),
Automotive (34%) and Aerospace (33%).

The respondets were able to name more than one activity sector. Hence, these values are not conclusive in terms of
the mostrepresented sectors on the generality of the AM market in Europe. The main participants of the survey were
from Spain (33 %) and the United Kingdom (18 %). Those numbers were followed by France and Geétarzch¥ @).

Asit can be seer(Figure34z cm: 2F (GKS NBALRYRSNAR fAaiSR awSaSt NOK
aS3AYSy il o ausdaisKGEMEM sed/ifeRbureau were indicated withuad 7% each.
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AM supply position of the organization

= Research & Development (R&D)
4%

4% = Service bureau
GN _ = Original Equipment Manufacturer (OEM
——— Materials Provider
= Software Provider

= Design

= End-user

= Other (please specify)

Figure34-+ | £ dz8 / KIF Ay {S3vySydiQa !'a AyRdzaAGNRAIE ¢2NJ] SNE

The profile of therespondentswas very diversified (se€igure 35). Ranging from process engineer (20 %) to
Operator/Technician (4%). Out of thespondents the majority (76%) had never changed their role in AM. Furthermore,
55% never received training ohd role. For those who did receive training, the majority received training on processes
(73%) and Materials (60%). However, a significant amount also received training Horeeestsing and design (each
40%).

AM Workers professional profile
= Designer
= Process Engineer

\ - Inspector

I Non Destructive Testing (NDT,
Technician

1%

= Supervisor

l/

1%

Figure35 - Professional Profile of the AM workers

The majority of theespondentshas worked in AM for-b years (59%) and their education background is mainly Master
(54%) and Doctoral (29%).

Considering th@rofile of the AM workers éscribed above, further details were explored in term#&bf knowledge and
expertise (sedigure36).
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/ 2

Knowledge on metals and polymers
Lacking knowledge regarding ceramics,
biomaterials and composites

Mostly in Powder Bed and Material

Extrusion
N vy
' ™
Predominant for AM Process and
Materials
Lower expertise on End of life
W followed by Modelling/Simulation |

60% of respondents had been
working in AM for 1-5 years

50% of the participants stated they
had not received training for their role

A v

Knowledge acquired through learning
by doing (53%) and on job mentoring
{48%}' £a11 A =l ac ] - \

(40%) and online courses (32%)
~ v

Figure36 - Overview on AM Workers Profile

Whereas for the single process steps in AM, the expertise is quite well distributed, the majority of the people exhibit
only limited knowledge for CompositeBiomaterialsand CeramicOver 50 % of theespondentgated their knowledge

for Polymers and Metals as high or very high (56% and 59% respectively). This is not a surprise that processing with
compositeshbiomaterialsand ceramics is still considerably low ($eégure37).

In terms of processes, Binder Jetting and Material Jetting have not been knowngthelpercentage for no and low
expertise in these processes is 58% and 63% respectively. The mastovel process is PBF. 35% of tlespondents
stated that they have very high knowledge in it (&eor! Reference source not foungigure38).

Expertise on the different AM materials

Composite INIISRUENNNZ2VGNN24%0 13%9%
Bio-material ISV N2 36NN 1602 @
Ceramic IIEEESVNNNN26Y6MNNN22%06 %%
Polymer SM6T6%! 22% 29% 27N
Metal SRGISY6IN20% 30%  29%m

0% 20% 40% 60% 80% 100%

0 (no expertisel 1 (low)

3 (high)

2 (regular)
m 4 (very high)

Figure37-Expertise in Different AM Materials

Expertise on the different AMrocess types

Binder Jetting (BJ) IISEREEN26Y6022%12%%
Material Extrusion (ME) ISEGEINY6124%119% W26
Material Jetting (MJ) INSHREEIN27Y6MN2196 %00 o
+ | (SR 20%16%17Y416%
Powder Bed Fusion (P B Alldi9%14%?20% Is5%M
0% 20% 40% 60% 80%100%

H 0 (no expertisel 1 (low)

3 (high)

2 (regular)
m 4 (very high)

Figure38-Expertise in Different AM Processes

When asked about the acquired skéisd knowhow in the previous mentioned questiors3% stated that they received
the knowhow via professional activities and 48% indicated they received traomrthe-job by an internal mentor.
Another 40% answered they received training via their etiooa
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Relevance otach category of skillfom 2021to 2022

During the survey, the industridiM professionalsvere askedo prioritize the different skills categoriesccording to
their current and future activitiegn 2021-2022. Themainconclusiorsfor the technologicalentrepreneurial, digital and
green skillsare highlighted in th&ablel, below.

Relevance of AM Categories of Skills, according to Workforce Survey

Categories of Skills Real Case (2020) Short Term (2022022) Evqutlon / Conclusions

_ 1 AM processes AM processes Consistency in terms @
8 1 Materials' analysis ant ﬂ AM applications needs;
b characterization 1 Materials' analysis In general the
1 AMapplications and characterization relevance of all skills i
1 Design 1 Design estimated higher in
f Numerical modelling 1 Numerical modelling 2021/2022  than in
Technological T CAPP (Computer Aide f CAPP (Compute 2020 '
* Process Planning) for AV Aided Process Knowledge and  Skill
@ 1 RoboticsAutomation Planning) for AM on Standardization
= f RoboticsAutomation loses relevance
Materials' analysis anc
characterization
appears in 2021/202:
as most demanded
5 T Learning through § Learning through Motivation is
g experience experience maintained as most
1 Working with others 1 Working with others demanded
1 Motivation and| { Vision Financial and economi
perseverance 1 Spotting literacy and Mobilizing
Entrepreneurship s T Creativity opportunities others are maintaining
@ { Ethical and sustainabl T Selfawareness anc in both scenarios a
- thinking seltefficacy less chosen
1 Financial and economi § Financial and
literacy economic literacy
1 Mobilising others 1 Mobilising others
— 1  Ability to think in 3D 1 Ability to think in 3D There are no change
8 1 Digital data managemen § Digital data analysi in terms of relevance ir
= (big data, statistics...) (Artificial Intelligence, 2020/2021
1 Digital data analysi Machine learning...) Ability to think in 3D
Digital (Artificial Intelligence, § Digital data has a high importance
9 Machine learning...) management (big in both scenarios;
w9 Coding/Programming data, statistics...)
1 Cybersecurity 1 Coding/Programming
1 Cybersecurity
s 1 Circular economy 1 Resource efficienc In 20232022 workers
© ¢ Life Cycle Analysis (LCA management seem to be aware tha
= 1 Green awareness 1 Circular economy these Green  skills
Green " 1 Resource efficiency 1 Green resources become more relevant
@ management 1 Green products
— 1 Green resources
1 Green products

Tablel - Relevance of AM Categories of Skills

As can be seen, the most importaethnologicalskillsin 20222022 will be the AM process, which is in accordance with
2020 as well. Tik topic is followed by AM applications, Materials analysis and design of AM parts. Thienjgasant
skillsseem to be Robotics, numerical modelling, sensing and G&RRFigure39). Again, there were nearly no changes
to 2020 noticed.
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In terms ofentrepreneurial skills in the future learning through experience and working withers as well as vision
and spotting opportunities has been rated as highly relevant (with over §86Figure40) Again, there is no change

seen to 2020.

Future relevance of technnologial skills for work in
2021-2022

Part evaluation for AM
production feasibility
AM machine handling
and feedstock handling
AM equipment
acquisition

AM applications
Standardization
Sensing

Robotics/Automation

Environment, Health
and Safety (EHS)
Tolerances/Testing/Qu
ality control/Metrology
Certification and
Validation
Non-Destructive
Testing

Post-processing

Pre-processing &
material handling
Materials' analysis and
characterization

Structural integrity

Design

Topology optimisation
CAPP (Computer Aide
t NBOSaa tf

Simulation

Numerical modelling

AM process | | | |

m 1 (low) m 2 (regular) = 3 (high) = 4 (very high)

Figure39-Future relevance of technological skills for work Figure40-Future relevance of entrepreneurial skills for worl

In terms ofdigital skills(seeFigure41) the ability to think in 3D and digital data analysis (which incl. Al and ML) has been
rated the highest. For the ability to think in 3D, 82% ofréspondentsstated that it will be highlyovery highly relevant.

This result is in line with the year 2020. However, a big jump can be noted in the percentage of people thinking these
topics are highly relevant. For the future the relevance (percentage) of the topics is significantly higheleVaece

for green skill{seeFigure4?2) in general will be higher in the future (202D22) as has been rated for every topic listed.

This is in line with the digitakills. Topics that have not yet reached the importance like other topics should as control
of the AM process, will be considered higher in the future.
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KiLs 51

Future relevance of enterpreneurship skills for
work in 2021-2022

Learning through experienc

Working with others

Coping with ambiguity,
uncertainty and risk

Planning and managemen
Taking the initiative

Mobilising others

Financial and economi
literacy

Mobilising resources

Motivation and
perserverance

Self-awareness and self
efficacy

Ethical and sustainabl
thinking

Valuing ideas
Vision

Creativity

0% 20% 40% 60% 80% 100%

Spotting opportunities

m1 (low) m2(regular) =3 (high) =4 (very high)
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Future relevance of digital skills for work in 2021-
2022

Coding/Programming
Cybersecurity

Ability to think in 3D

Digital data management (bi
data, statistics...) ‘ ‘ ‘
Digital data analysis (Artificia

Future relevance of green skills for work in 2021-
2022

Green products

Green resources
Circular economy
Eco-design

Life Cycle Analysis (LC
Green awareness

LyGSttaasyo OKAYSX | wSa2dNDS )\O]\S)[QéX
0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
m1 (low) m2 (regular) =3 (high) m4 (very high) m1 (low) m2 (regular) =3 (high) m4 (very high)

Figure41-Future relevance of digital skills for work Figure42-Future relevance of green skills for work

In terms ofnew knowledge on materialshat should be acquired by the AM workers until 2022, 60% stated that the
implementation of new applications and products for all materiaisnigortant. This is closely followed by 59% stating
that knowledge in the development and standardization of new materials as well as knowledge femaugltial parts
(58%) will be highly relevant within the next 2 years (Siggire43).

AM material trends required in short terms - 2 Years
Other (please specify)

oo ||

Materials for 4D printing (incl. memory shape alloys)
47.8%

Bioprinting (tissue printing)
58.4%
° Multi-material parts

m Fit-for-purpose materials

m Life Cycle Analysis (LCA) and circular economy

59.3% . . N .
62 0(;/ Thermo-mechanical modelling for validation of the mechanical anc
270 thermal properties of existing materials and AM technologies
m Conventional materials (wires, pellets, sand, wax) for AM applicati
0% 20% 40% 60% 80% 100%

Figure43 ¢ Workers equired knowledgen AM materialsn the next 2 years

In terms ofnew knowledge onAM processingo be acquired, workers identified that AM machines for muitterials

will be become a relevant topic (58%) as well as nfultctional parts inclparts with embedded sensors, hybrid
machines and faster AM metal machines (all around 43% respectiveligaeed44Error! Reference source not found.

To which regards taew knowledge on posprocessingo be acquired in the next 2 years (sEgure45), processing
trends, new quality standards, design to minimize gosicessing, improved heat treatments as well as new surface
finishing and automation afupport removal have been rated nearly equally important.
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AM processing trends required in short term - 2
years

m Other (please specify)

u Market uptake of new AM
technologies

Connected modular printers
operated by robots

m Multifunctional parts including
parts with embedded sensors

m AM machines for multimaterials
B Hybrid machines

m New automation concepts at
machine level

m Faster AM metal machines

m Massive use of desktop and
benchtop AM machines

m Multiscale and multiphysics AM
modeling

® More agile design for AM
development frameworks

0% 100%™ Software interoperability

Figure44 -Workers required knowledge on AM processing
the next 2 years

S4M

SECTOR SKILLS STRATECY

AM post-processing trends required in short term-
2 years

Other (please specify)

New quality standards

2%

Design to minimize post-
56% processing
51% = New coating and drying
treatments

32% ) )
m Automation of powder/resin
34% removal

m New surface finishing
49% treatments

A47% m Automation of surface

finishing

m Debinding process
49%

u Improved and new heat
treatments (sintering, Hot
Laz2zadliA0 t NR

m Automation of support
removal

46%

0% 50% 100%

Figure45-Workers required knowledge on AM post process
in the next 2 years

Finally, m terms ofnew knowledgeto be acquired idCT and quality controin the next 2 yearsimproved AM process
control, new inspection techniques and advanced monitoring systeave been rated the highest with AM process
control accounting for nearly 60% of the answésseFigure46).

ICT and quality AM related trends required short term-2 years
Other (please specify)
m Digital-twin
m New inspection techniques
m Improved AM process control

59%

m Integration of AM in Total Quality Management (TQM)
systems
m Advanced close-loop controls for automated adaptatior

m Advanced data analytics based in Atrtificial intelligence

T m Advanced monitoring and acquisition systems
40%

20%

0% 60% 80% 100%

Figure46- ICT and quality AM related trends within the next 2 years
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Relevance ofearning and assessment tools

The surveyincluded the auscultation on the most suitable learniagproachesto be used in the upcoming years.
According to the workergn-the-job training is still rated the highest, followed closely by practical éietsvionline and
short coursegseeFigure47Error! Reference source not found.This is @eneral trendseen in AM, a lot of knowledge
can begained but als@enerated by using practical approacho the topics. As AM is still relatively new, harats
experience is desirable. The contestaptsferredblended learning aproaches and short/intensive modules (44&ge
Figure48), as well as partime learning(seeFigure49).

Most effective training approaches to overcome

. Prefered Modes of Delivery in AM Training
the short term skills needs - 2 years

m Both Presential and distant

i 1%
19%

u Other (please specify)
m Virtual reality courses
Online courses

learning

Both Presential and blende
learning

50% h 23%

59% On the job training 289

. o Distant learning (i.e. online
m Practical activities

m Problem based learning 22%
m Working group 32% m Blended Learning (i.e.
m Case studies 23% Presential and distant
; learnin
® Tutorials | Presenclll)al learning /
u Lectures ‘ classroom lectures
0% 50% 100%

m Short courses
100% m Doctorate

0% 50%

Figure47-Effective training approaches within the next 2 yei rigyreas- Preferred modes of training delivery by AM worke

Preferred duration for AM training Courses

\ All duration options
14%

5%
15%

7%

m Both full time and intensive modules
m Both Part time and intensive modules

49% Both Part and full time

3% m Short / intensive modules

38% .
m Full time

0% 50% 100% m Part time

Figure49 - Preferredtraining duration by AM workers

4.3Findings on Surveys conducted with AM Industry
The survey among industrial organisation was carried out from July to November 2020, gathering a total of 56 replies.

General information and background

Out of the 56 participants, 35% belonged to a large company and 30% to a(s&Fgure50Error! Reference source
not found.). Turnout was the highest from lItalg 21% of the reponses. This was followed by the Netherlands (10%)
and the UK (18%89% of therespondentsresponded that they were currently using AM. The majority (71%) of the
participants stated that their organisation was using AM for over 5 yearsHigeee51).
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Type of organisation participants belong to Period of AM use within the organisation

100% 100%
m Start-up
80% )
m SME 80% H Less than 1 year
60%
60% -
40% 4 310433%  mlarge company m Between 1 -5
21% 40% - years
0,
20% 1 3% Industrial = More than 5
association 20% years
0% - 6

0% -

Figure50-Type of organisation participants are involved in ~ Figure51-Period of AM use within the organisation

The majority of the participantdisted research and development as their supply chain (78%). This is followed, with a big
gap, by design (30%) and OEM (24%) fdgare52). In terms of materials that have been mainly adopted by the
companies, metal (83%) and plastic (64%) were rated the highest. Biomaterials, composites and ceramics were only been
rated by 1422% of the contestantsee Figure53). In terms of processes, PBF (83%) and Material Extrusion (64%) were
mentioned to be employed by the majority of contestants. This has been seen for the workforce as well. Sheet lamination
anda 2 G KSNE KI @S KIR (KS t2¢Said NBalLRyaSao

AM Supply position in which your organisation is AM material/s mainly used within organisation

involved.
Other (please spec
19% = End-user
. m Other (please speci
m Design G pecify
B Biomaterials
m Software Provider .
Do m Composite

= Materials Provider = Ceramic

m Original Equipment m Plastic
Manufacturers (OE Metal

= Service bureau = Metal

B Research &

' i Development ‘ '
0% 50% 100% 0% 50% 100%

Figure52-AM Supply position of organisation Figure53-AM materials mainly used by the organisation

Current elevance of each category of skills

In termsof requiredAM professional profiles in companies, results revealed that the process engineer, the designer and
the materials engineer continue to be rated as the highest (combination of high and very highieblihician and
Inspector seem to be less needed currently (§8gure54) .
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Relevance of AM professional profiles for current activity

Operator/Technician
Materials Engineer
Metrology Engineer

Coordinator at the Engineer leve
1 (low)

Supervisor
Non Destructive Testing (NDT) Technici 3 (high)
Inspector Technician 4 (very high)

Inspector
Process Enginee

|
|
|
|
|
‘ H 2 (regular)
|
|
|
. |
Designer :

0% 20% 40% 60% 80% 100%

Figure54 - Current relevance of the AM professional profiles

In the current context of COVID 19 pandemic, participants (89%) confirmed the importance of capacitating non
technological professionals (s&&gure55) towards AM use, against 11%. Health professionals were mentioned as the
profiles that could benefit from global training on the manufacturing process to be more aware of the potential risks
encountered by the users. Additional arguments were presented to support this approach:

Relevance of training non technological professionals towards AM

s

Figure55 - Relevance of training non technological professionals towards AM
Additional arguments were presented to support this approach:

1 AM business requires support from crefssictional resources. AM competency training enables beitiésr-
departmental collaboration.

1 to understand the technology and its capabilities, as well as limitationthatahese professionals alsaan

propose innovative anéeasiblesolutions to challenges within their sector.

Alwaysimportant, especially witHocus on applications and their potential

Due to lack of specific standards and regulations

May speed up AMechnologyintroduction

Importantto spread knowledge for a wider awareness of capabilities and pamdoEtrialization, etc.

Raise awareness dtks of AM for safety responsibilities

=A =4 4 -4 =4

With regards to the question, on which technological skills are currently missing amongst the organisatiqgrostaff,
processing, certification and validation, standards and costs haeen rated the highest (seEigure56).
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Relevant AM technological knowledge still lacking within the organisation

Resource Efficiency/sustainabilit
Communication

Marketing and sales

Environment, Health and Safety (EH
Costs

Standards

Testing/quality control

Certification and Validation

Non Destructive Testing (ND
Post-processing

Pre-processing & material handlin
Metallurgical analysis and characterisati
Structural integrity

Design

Topology optimisation

Numerical modelling

AM processes

0% 20% 40% 60% 80% 100%

m1 (low) m2(regular) =3 (high) m4 (very high)

Figure56 - Current relevance of technological skills

In terms ofentrepreneurialskills, 87% considered it important for staff to develop skills in this topic. As can be seen in
Figure 15, staff is lacking taking the initiative as well as motivation and persevésaetegure57).

Relevant entrepreneurship skills still lacking among AM staff

Learning through experienc
Working with others
Coping with ambiguity, uncertainty and ris
Planning and managemen
Taking the initiative

Mobilising others
Financial and economic literac
Mobilising resources
Motivation and perseverance:
Self-awareness and self-effica
Ethical and sustainable thinkin
Valuing ideas

Vision

Creativity

Spotting opportunities

|
T T T T

0% 20% 40% 60% 80% 100%

m1 (low) m2(regular) =3 (high) =4 (very high)

Figure57 ¢ Current Relevance of entrepreneurial skills

Furthermore, 96% of the contestants find it important for their staff to gain digital skillermsof digital skills,as for

the workforce, theability to think in 3Dis rated the highest (75% high and very high). For the rest of the skills, the
importance is rated equally (sdggure58). Regardingreen skills, knowledge about the circular economy is missing
Again, also for green skills, the percentages vary only slightly between the different topics. Green productsiusgiym eq
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important as green awareness. However, 86% of
Reference source not foun#figures9).

Relevant digital skills still lacking among AM
staff

Coding/programming

Cybersecurity
Ability to think in 3D

Digital data managemeit!

|

the contestants wish for green skills to be developEdqdee

Relevant green skills still lacking among AM staff

Green products

Green resources
Circular economy
Eco-design

Life Cycle Aanalysis (LC
Green awareness

SAIAGE T

i ga/\‘gx

Resource efficiency manageme
‘

40%

0% 20% 40% 60% 80% 100%

0% 20% 60% 80% 100%

m1 (low) m2 (regular) =3 (high) m4 (very high)

m1l (low) m2 (regular) =3 (high) m4 (very high)

Figure59-Current Relevance of green skills
Figure58-Current Relevance of digital skills

Future of AM:

When being asked about the future of AM in their organisation, 79% of the contestants expected an increase in AM in
their company in the next 6 months. 78% rated that the number of applications would be responsible for this, whereas
another 70% rated theetsting of new materials and testing of new AM technologies (63%) as the main responsible (see
Figure60).

Strategies to increase the use of AM technologies in the future

m Other (please specify)

m By entering/approaching a new
sector/field of activity?

m By training existing staff on AM
technology

By hiring new staff specialized in AV

0% 20% 40% 60% 80% 100%

Figure60 -Strategies tdncrease M technologiesise in the future

The future professional profiles needed have been listg#d-igure61). R&D staff as well agprocess and quality
managershave been listed the highest. In accordance with this, the question was asketich knowledgewould be
especially important for the pressionalso achieve (se&igure62Error! Refeence source not found. The outcomes
refer to standards, postprocessingdesignand theAM processhave been rated to most important topics.
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Relevance of providing the following professional Relevant AM knowledge required by these
regarding AM technology? professionals?

‘ Health and Safety
Human Resources Technici;“ Communication

Marketing and sales

Lawyer Costs

Standards
Research & Developmen. Testing Quality control
(R&D) Certification and Validation

Nondestructive testing

Commercial _ Post-processing

Pre-processing & material handlin
aStltfdzNBAOL
Structural Integrity

Process Manager

Design
uality Manager
Quality 9 - Topology Optimization

‘ Numerical Modelling

Quality Assurance SupervisH AM Processes
‘ ‘ 1 1

‘ 0% 50% 100%
0% 20% 40% 60% 80% 100%

m1 (low) m2(regular) =3 (high) m4 (very high) m1 (low) m2 (regular) =3 (high) =4 (very high)

Figure61-Relevance of professional roles in the future Figure62 -Relevant AM knowledge required by professionals

4.42 Workshop to Validate Skills Need&xternal Workshop Results

The workshop with external stakeholders enabled to consolidate prior findings on required skillramght new
elements of reflectiorconcerning the strategy implementation. Still, the majocus was to sethe priority to address
green, digital and entrepreneurigkills, thatwill be considered in the next stagé pilotingactivties.

Plenary session details

Thevalidationworkshopwas conductedwith a group of ® experts belonging to industry (e.g. Technology Suppliers,
Equipment Manufacturers, Companiegtc. Project partners EWRnd LAKwere beingresponsible for pesening the
objectives and the motivation that brought the consortium to develop S#kbject, as well as the first project resujts
meaning addressing th2" round of auscultatiorin 2020 on current andshort-term skills needsind gaps in AM

After a brief presentation of the participants, Adelaide AlmeidaVF delivered the  presentationin which she
presentedSAM and theAM SkillsStrategy and addrests relevance for industry

The workshop continued with the presentation of teecondyearproject results.Yvonne WessargeEAK presented
the AM skills reds and technological trendssulting from theseries of surveys wittraining centres anégnhdustry.

Finally, Beatriz Lopez, \&F, gave the audience some background information aboutlth&M Qualification System
(IAMQS)
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9 E LJSalytBeinént onpriorities

To define the trends and priorities for qualified personnetha AM Industry, the following questions were addressed
in the group discussion:

1  Which of the gap drivers foreseen in the European AM Strategy do you considercagye pri
1  Which of the implementing and supporting activities do you consider as a priority?

1  Which are the emergent process in AM for the next 3 years?

1 Which Digital Skills are a priority to be addressed for AM?

During the hand®n, participantsinteracted through slidoThe results achieved regarding eaghestionssubject,are
gathered and describefiiom Table2 to Table7).

Table2 ¢ Agreement on apR NJA @ridfie Q

Which of thegap driversforeseen in the European AM Strategy do you consider gsiarity ?

Three main gap drivers were consideredagwiority by the industrial stakeholders namely: Mismatch between industry
needs and educational/training offer; Competition for skilled AM workers and lack of knowledge of AM from existing
workers/students; and the Shortage of training centres, specially at VET dapealble of delivering AM training.

Incentive for training and qualification is now a priority in terms of AM, that should be promoted by thesens.
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