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Abbreviations
3DP 3D Printing
AM Additive Manufacturing
CAD Computeraided design
CAGR Compound Annual Growth Rate
EC European Commission
FDA Food and Drugdministration
FoF Factories of the future
IP Intellectual Propeny
KETs Key enabling technologies
MRI Magnetic resonance imaging
OEM Original equipment manufacturer
RTO Research Technology Organization
VC Value chain
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Executive Summary

In2017, theAdditive Manufacturing (AMndustry, consisting of all AM products and services
worldwide, grew 21% to $7.336 billiband itis poised to growp to$21.50 billion by 2025 AMmay
play a pivotal role in changing the manufacturing paradigm @ntributing to address the societal
challenges of our timesuch as Igbal warming, energy transition, population ageing and decreasing
resources.

AM-MOTIONvision for 2030 foresees thaEuropewill improve its leading role in Additive
Manufacturing greatly impacting on the competitiveness of European industrial sectaddslitive
Manufacturing wilimprovethe quality of life of European citizens in terms of retention of high quality
jobs in Europe, availability of customised, cleaner, safer and afitegaoducts and increased access
to cleaner energy, mobility and effective and personalised medicine.

The fgure belowsummarises AMMOTION Vision for AM in 2030, including the envisaged
opportunities and challengeas well as thareas of intervention wiich are covered by the roadmap
(i.e. technologies, standardisation, certification, skills and education, financing, intellectual properties,
safety, communication, crogggional and international cooperation).

-
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@ SMART SPECIALISATION: cross-regional and cross-sectorial collaboration in AM
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AM-MOTION Vision

Based on the identified eflenges and opportunitie®yM-MOTION roadmaproposeduture
actions for the AM development and successful market uptake in target sectors:

1 Health;
1 Aerospace;
1 Automotive;

1 Consumer goods and Electronics;

1 Wohlers, T. &. (2018yohlers ReporiColorado: Wohlers Associates Inc.
2 Frost & Sullivan's Global 360° Research Team (May 2BIb®gl| Additive Manufacturing Market, Forecast to 20R2®st & Sullivan,

Mountain View, California
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9 Industrial equipment and Tooling;
Construction;
1 Energy.

=

The roadmap includes also cremsting actions (technical and neechnical), covering
several sectors.

AM-MOTIONroadmap may be seen as an evolutionF@FAM Roadmap whichhas been
further developedand expanded in ANMOTION projectinvolving around D0 external experts
through physical meetings and remote surveys.

Thedraft Roadmaghas beerreleasedat the end of July 201®r public consultatiorthrough
an online survey (Auguseptember 2018)

TheFinal AMMOTION Roadmapas beerpresented: GAMEF2018 Additive Manufacturing
European Forura(Brussels, 224 October2018).

3 https://cordis.europa.eu/project/rcn/193434_en.html
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1. Introduction

The present document constitutes Deliverable D the framework of the AMMotion
LINE2S OG0 a! A0NF S3IAO0 | LILINE I OK foil Additve/MaNdatturingy 3 9 dzN
G§SOKy2t23ASa | yR OF LIMnofiok; Tdntsadt No.: 723D6R) RIS €port isthO N2 y & Y'Y
NEadzZ G 2F I OGABAGASAE LISNF2NNYSR gAGKAY (GKS TNIYSs
more specifically on Tagk3 6Roadmap Developmeait f RINAG Tasks.3 (M13-M24) is focused
on the development and release of tM-MOTION EuropeaiResearch and InnovatioRoadmap
for successfumarket implementatiorof Additive Manufacturing(AM).

AM technologiesrefer to a group of technologies that build physical objects from Computer
Aided Design (CAD) data. The main difference between traditional ar&ivologies is that parts
produced via AM are created by the consecutive addition of liquids, sheet orgredanaterials in
layers, instead of removing material to generate a desired shape which is common to traditional
technologies such as milling or drillirdditive Manufacturing hamany common names, involving
rapid manufacturing, direct manufacturingD-printing, rapid tooling and rapid prototypindn line
with previous studiels we considerAM as the umbrella term for additive technologigbe terms
direct manufacturing, rapid tooling and rapid prototyping refer to the application of AM.

The overallaim of AMMMOTION roadmapis to create a common vision for successful
European leadership in additive manufacturing, highly impacting of societal challenges of our time,
and to suggest common goals and specific actions to solve the existing gaps betwemmréne
status and the target vision.

The oadmap methodology used to build the roadmaps presented inChapter 2 The
roadmap isan evolution of the recent FOFAMIM Roadmap,extensivelyrevised and further
developedin terms of sectors, products and identified gaps and actions and related comtémthe
help ofexternal expertg(in technical and nottechnical aspec)sChapter 3presents thevision of the
roadmap including opportunitiesnd challengeforeseenfor the successful market uptake of AM.

Chapter 4describes thearget sectorsaddressed by the roadmap. After a general description
of each sectortarget product groupgand examples of specific products) and tegional capabilities
are presented by seat, including also maps of regional and national AM projéatsails of European,
national and regional projects are reportedannex A and Bespectivelylnformation onkey enablers
(i.e. AM actors) are reported annex C

Chapter Seports theidentified actions for future research and innovation activitiegdividing
them between technical and netechnical actionsln turn,technical actions areegmented ircross
cutting (i.e. relevant for more/all sectors) and sectorial onB®tails of eachaction in terms of
identified gap with the description of the current context, description of proposed activities, initial
and target TRetc. are reported irannexD.

Chapter6 describes theémpact of the identified actions, considering the results ofrge
guantitative estimation with selected key impact indicators performed by the experts in workshops
and surveysTheconclusion(Chapter § summarises the key results tife Final Roadmap.

4 Prof. Dr=Ing. Jurgen Gausemeier . Thinking ahead the Future of Additive ManufaaBsiptpring the Research Landscape. Heinz
Nixdorf Institute, University of PaderbogiPPaderborn2013.
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2. Roadmapping methodology

The roadmapping activity performed to develop tAM-MOTION EuropeafResearch and
Innovation Roadmapis a method to produce strategic plans and ideas for future successful
development of AMbased products relevarih particularfor the identified sectors

1 Health;
Aerospace
Automotive
Consumer goodand Electronics;
Industrial equipmentnd Tooling;
Construction;
1 Energy.

= =4 =4 4 =

Details of the applied methodology are explained in the sections below.

2.1. Background: the FOFAM experience

AM-MOTIONoadmapping approach is built on the experiettige strategic resarch egendas
developedo @ (G KS 9dzNRPLISI Yy ¢S OK¥NRIadE ant thd iethadbldgy 2y ! a
developed under theprevious FoFAM CSA20152017, grant agreement 11636882). FOFAMAM
roadmap focused offive sectors (i.e. those addressed by the present roadmap except energy and
construction) identifying technical and netechnical &tions to be performed at short, medium or
long term in order to achieve the final target, i.e. the commercialisatioAMfmachinesproducts
and related services

The sectors and market addressed in FOFAM roadmap were selected together with external
expats (workshop September 2015), according to the FOFAM project need to be relevant to the
technological advancements across Europe and their potential to positively influence societal and
economic challenges. These sectors were also the focus of a nurhiEdewant documents i.e. the
¢European Additive Manufacturing Strategic Research Ag&nddich highlights priority areas for
future development in AM.

For each of selected sectors,value chain (VC) approacivas followed to find the gaps
preventing conplete market deployment and to propose the corresponding needed actions. The VC
is defined as the set of activities from research to market, along a process to generate and add value.
The steps of the value chain considered in the roadmap for gap anafgsssiown irFigure2.1

K T kD B G

Modeiling '  Design . Material | Process | Post-process . Product . Endoflife
fincl. ICT, Equipment) fincl. OA & Testing)

Figure2.1: Steps of AM value chain in FOFAM andMMTION roadmaps

The actions proposed are classified in crosiing actions relevantd all sectorial value
chains, responding both to technological and #enhnological gaps and actions specific to a

5 www.rm-platform.com/linkdoc/AM SRAFebruary 2014.pdf
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particular value chainThe timeline for the proposed actions was also indicated considering-short

term (20172020), medium term (2022025) and longterm actions (beyond 202%)loreover,

technical gaps include the current Technology Readiness Level (TRL). TRLs are based on a scale from 1
to 9 with 9 being the most mature technoldyys shown iTable2.1.

Table2.1 Description of Technology Readiness Levels (TRL)

1 Basic principles observed

2 Technology concept formulated

3 Experimental proof of concept

4 Technology validated in lab

5 Technology validated in relevant environment (industrially relevant environment in the case of key
enabling technologieg KETS))

6 Technology demonstrated in relevant environment (industrially relevant environment in the case o
KETS)

7 System prototypedemonstration in operational environment

8 System complete and qualified

9 Actual system proven in operational environment(competitive manufacturing in the case of key

enabling technologies; or in space)

The FOFANlans for future actions for each sector were developed as showdigire2.2 ,
which present the example of the heath sector.

6 http://ec.europa.eu/research/participants/data/ref/h2020/wp/2014£2015/annexes/h202@vpl415annexg-trl_en.pdf
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SHORT TERM MEDIUM TERM LONGTERM

( Bio-AM modelling development ]

Modelling methods for
customised implants and

medicsl devices

MODELUNG

Lack of understanding of how
implants perform after surgery

Development of lower cost
biocormpatible materials

Velidation of mechanicsl snd
thermal properties of existing

materials

Viable processes for fabrication
of “smart scaffolds’ and for
construction of 30 biological
end tissue models

Product with improved Biclogical structures
functionality development for drug testing

Assessment of recycling, reuse
and waste to determine life

cycle costs

Figure2.2: Example of FOFAM plans for future acticthe health sector

2.2. AM-MOTIONroadmapping approach andevelopmentsteps

AM-MOTION Roadmap starts from the main funding of the FOFAM Roadmap, further
developed and expanded by means of combination of desk research (integrating the results of key
initiatives in AM) and working group ss®ns. In particular, ANMIOTION roadmap has adopted the
sameValue Chain approacbf FOFAM, and it focuses @nsectors considering sectorial and cress
cutting actions to solve arrent gaps, both technical and ndachnical ones. In addition to FOFAM,
AM-Roadmap starts from &ISION for European AM in 203@entifying key challenges and
opportunities for successful market uptake of AM productk this framework, dr each sectors,
target product groupshave beeridentified and linked with specific futuractions aimed at solving
current gaps. The roadmap includes a sepmntitativeimpact assessmendf the identified actions,
considering economic, social and environmental key impact indicators (KPIs). The roadmap integrate
AM-MOTION findings in terms odégional capabilitiesn AM (maps of regional and national projects
by sector) and suggestions possible business collaboration models

The core AMMotion roadmapping and networking activityas performed by the whole
consortium and through the interaicin between 5 Expert groups formed by selected experts in
different technological and netechnological areaand chaired by project partnerivolvingoverall
100experts

1 Industrial EWG: representing the key AM industrial players from different sectors and VC
segments.

7 E.g. The 3D printing Pilot of the Vanguard Initiatiwip(//www.s3vanguardinitiative.eu/coopeations/highperformanceproduction
through-3d-printing); ECRepor® ! { a9 ¢ SYRSNJ GLRSYGAFTFeAy3d OdaNNBy(d |y R FdziidzNB | LILIK A Ol i
competences in the EU, in the area of additive manufacturingL(BDA v (i B1%.3llogddRegister Foundation. Roadmap for additive
manufacturing. 2017.

10
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1 Materials & process EWG: Main players from industry and RTDs working on material
development/production for AM and process development, including machinédrs,
software developers, pogirocessing experts.

1 Nontechnologicalaspects EWG: experts working on reshnological aspects such as
standardisation, IPRs or education.

1 Regional Development EWG: representing the regions withdatend/or capabities on AM.

1 Financial EWG: Financial experts and investors.

Revision
of FOFAM gaps
and actions and
links to target
products
(Sept-Oct 2017)

First Expert
Session
18 October 2017
AM-Motion Target
products,
Gap & Action
Revision

Comprehensive draft of
gaps and actions for

Online Survey
April 2028
Second Expert
Workshop - 16 May 2018
Focused on financial
& regional aspects

First Draft
and impact

Links AM Roadmap
between

AM Projects July 2018
& Sectors 9 2

Roadmap
Vision & Schemes

integration of the

Final Roadmap
October 2018

<

AM-Motion work on 9

regional capabilities
and other non
techical issues

AM Project
Workshop
125 November 2017

Final Validation
with open online
survey and conference
Aug- Sept 2018

cross-cutting _ex

and non-tech _ =¥

>

Figure2.3: AM-MOTION Roadmapping steps

The

Figure2.3 summarises the main ANMOTION roadmapping steps, from the revision of FOFAM
gaps up to the final rekse of AMMMOTION roadmajin October 2018. Detailed results of expert
sessions are reporteith deliverabled5.1 and D5.2.

11
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3. AM-MOTIONVision

Global warming, energy transition, population ageing and decreasing resoupresent us
with immense challenges. In order to deal with these, we need fresh approaches, technological
advances and clear ingmentation strategiesin this framework Additive Manufacturingnay play a
pivotal role in chaging the manufacturing paradigm and contributing to address the societal
challenges of our timé=or example, lightweight production and functional complegitabled by AM
technologiescan helpto reduce the consumption of resources for the process and the product itself,
streamline manufacturing processaad makemore sustainablgroducts.

AM-MOTIONvision for 2030 foresees thaEuropewill improve its leading role in Additive
Manufacturing, greatly impacting on the competitiveness of European industrial sectors. Additive
Manufacturing will improve the quality of life of European citizens in terms of retention of high quality
jobs in Europe, availability ofistomised, cleaner, safer and affordable products and increased access
to cleaner energy, mobility and effective and personalised medicine.

Figure 3.1 summarises AMMOTION Vision for AM in 2030, including the envisaged
opportunities and challengeas well as thareas of intervention which are covered by the roadmap
(i.e.technologies, standardisation, certification, skills and education, financirdigictual properties,
safety, communication, crogggional and international cooperation).

The following lists describes sometb& upcomingopportunities offered bymarket uptake
of AM technologies:

9 Additive Manufacturing is one of thaillars of the Fairth Industrial Revolution(also known as
Industry 4.0, which is a transformation that makes it possible to gather and aaalgta across
machines thus enabling faster, more flexible, and more efficient processes to produce-higher
quality goods at reduak costs with greater agilit}:..In particular AM can highly contribute to
Industry 4.0 approaches by increasipgcessautomation and the intrinsic digital core of AM
manufacturing technologies make them relatively easy to use effectiligital twinapproaches.
Theapplication oigital twinin AM-enabled value chainsan allow companies to have a complete
digital footprint of their products from design and development through the end of the product
life cycle.The digital twin mayhelp to solve physial issues faster by detecting them sooner,
predict outcomes to a much higher degree of accuracy, design and build better products, and,
ultimately, better serve their customerg&inally, AM approaches includes recent breakthroughs
as4D Rinting, which isa mean toenablesmart andinternet of Thing4® functionalities in AM
products. In fact, 4D Printing ia combination of 3D printing and the fourth dimension, which is
time and/or the change of functionalities. This technique allows a printed object to be
programmed to carry out shape change while adapting to its surroundings. This allows for
masteredselfassembly, multfunctionality, and selfepairandsensoring capabilities

1 BringingArtificial Intelligenceto the world ofAM canlead to faster and m@ precise processes,
by giving smart advice on the choices to make, both in terms of design, of materials and of
technologies especially in presence obntrol and monitoring systeatincluding in line and real
time ones)andpredictive maintenanceppraaches When coupled withrobotic armsfor printing

8 https://www.weforum.org/agenda/2016/01/thefourth-industrial-revolution-what-it-meansand-how-to-respond/

9 The digital twin is a neaeaktime digital image of a physical object or process that helps optimize business performance. From
https://wwwz2.deloitte.com/insights/us/en/focus/industry-0/digital-twin-technologysmartfactory.htmi

0 The Internet of Things (IoT) is the network of physical devices, vehicles, home appliances, and other items embeddetravitbsele
software, sensors, actuators, and connectivity, which enables these things to connect and exchange data, creatingit@sptt more

direct integration of the physical world into computbased systems, resulting in efficiency improvements, economic benefits, and reduced
human exertions. More info on: Internet of Things: Science Fiction or Business Fact?" HarvassBesitev. November 2014.

12
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large/complex shapes, artificial intelligence algorithms enable machirsedo create, and even
learn from their mistakesluring the printing process, thus being ablepimducecomplex, large
and precisepatterns without sacrificing speed, as recently showcased by the comfsiaByild™.

9 Highdegree of productustomisation and humanentred approactoffered by AM will contribute
to improve thequality of life, with affordable and high quality products lildased on customer
needs,and also potentially address specific needs of ginewing elderly populatioror of the
people with physical impairments, thus building marelusive societiesCo-creation approaches,
involving researchers, industrial enders and final customers in the design processl
contribute to ECstrategies towardsnore inclusive and Responsible Research and Innovation

(RRI).

1 AM may play a lead rolen the drcular Economy for example by producing high addedlue
products from recycled or bibased powders and enabling fulluse of AMby-productsin new
products The exploitation of the full potential of AM will also lead to resource and energy saving
in the wholevalue chain and in particular in manufacturing and transportation, thus contributing

to the environment

1 AM presents transformative potential maradturing methods in the health sector being able to
provide patient-specific_solutionge.g. from smart wheehairs to orthopaedic implants), thus
enablingPersonalised Medicinepproaches, which in the medium term can akordable for
most of the populationThe advent oBioprinting?, with its ability to create complex geometries
and microarchitectures that imic tissue complexity, can offer innovative solutigmshe field of
tissue engineering (i.e. printing biological tissues and potentially even organs) for psiesific

regenerative medicine and drug testing.

1 AM full market deployment will offenew employment and investment opportunitiéa several

sectors enablingndustries (including SME$d compete in highly aggressive and complex
commercial environments. Furthermore, the new knowledge gaisech multidisciplinary and
multi-sectorial domairwill contribute to theimprovement of workforce skills and educatian

EuropeanKnowledgebased economy i.e. increasingly based on knowledge and information

sharing.

1 Finally, AM technologies can contribute to the availabilityoat cost of highly efficigngreen

energy solutions(e.g. renewable energy componentnd energy storage solutions), thus
contributing to the EC2050 Low Carbon EconomyRoadmap? as well as to EC plans for

sustainable transportatiof®.

1 https://www.digitaltrends.com/cooltech/ai-build-wants-to-changethe-way-we-build-the-future/

2 A2LINAYyGAy3 Oty 6S RSFAYSR a daiKS dza8 2F o5
F2NJ NBEO2ya i NutpSileh exBrddiciinaHeS. dhn/éefirdtion/bioprintiny

13 https://ec.europa.eu/clima/policies/strategies/2050 _en

14 https://ec.europa.eu/transport/themes/sustainable _en
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However, Europe must address sevdrihnical and norechnical challenges whichmay

hinder AM full development and market success:

1

Technology the availability newbreakthroughsustainablematerialsand of advanced materials
with better quality, reliability and affordabilitytogether with fastey greenerand costeffective
manufacturing processedntegrating effectively industry 4.0 approacheawith focus orenergy

and resource efficiency, material and product recyclabibitytomated monitoring and control
mechanisms as well as advanced design, modelling and simulations.

Industrial accesgo technology at low prices. Industries (especialyES) in periods of limited
resources find difficult to keep pace with the emerging innovation in AM, which may require the
use of expensive machines and/or can be used effectively by Fsgliklyd workforce with multi
disciplinary curricula. There is ri$gr European SMEs to stay behind without being able to
compete in such highly technological arena.

Standardisationrequires effort from individual specialists on the short term while the gains will
be on the long term for a wide community. From one sitiere is needto increase industry
engagement on standards developmefrom another side, standards harmonization will have a
significant influence on the loAgrm perspective. Harmonizing standards can be very time
consuming, but standards are needed fihe uptake of technologiedMoreover, n order to
provide manufacturers with the greatest opportunity to exploit AM and provide confidence to
manufactures and endsers that parts are safe, reliable and robust, an early publication of AM
Qualification gidelinesfor product and procesesertification is paramount.

Education and trainingindustries are currently facing some obstacles to find out the missing
necessary people (technicians, engineers, desigapdsoperator$ specialized in technical and
non-technical aspects of AM. The demandst and expectations far AM talent are high,
especially because the technical and engineering skills required vary eidgpecause AM
professionals are expected to be at the same time creative, and able to constdaty to new
developments. There is need f@roper communication campaigns, industry involvement in
education and training aspects, delivering proper learning contents at all levels, specific
educational programmes, workplace training-lime education ad reskilling actions for current
work force.

IPR IPR Regimeshould be reflected upon as to ensure protection without hampering market
entry. Protection should be further ensured (IPR enforcement) and nésadBd reward systems
should be thought of aotfoster the development and commercialisation of Aslsed products.

In particular, it is important to give clearer guidance on defining for example whether a CAD file
could benefit from copyright protection or other IP protection and buifgof a set olise cases

in which IP can be used as an inclusion tool instead of exclusion tool.

Business and Financindgringing prototypes to production by securing the reproducibility of
application remains a critical point for the industry. AM is still perceivedrtach as a technology
solution instead of a business solutidioreover, many companies need to undendhow they

can gain access to finande fact, asurvey conducted by The Manufacturer reported nearly two
thirds of companies (61%) stated that initédevelopnent costs were the key barrier to the start

of a new AMenabled business There is need for availability of effectibeisiness modelsable

B Williamson, J. (2017, May 22). What's holding businesses back from investing in additive manufacturing? Retrieved from The
Manufacturer:https://www.themanufacturer.com/articles/whatsoldingbusinessedackinvestingadditive manufacturing/
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to address all the emerging opportunities (includtwgcreation platforms, provision of AM as a
serviceetc.). In this frameworkeffective business collaboration modégksg. strategic alliances,
joint ventures, acquisitionsetc.) as well as arefficient innovation management systewrre
fundamentalto ease market deployment of AM technologi@sisiness cddborations in AM are
motivated byseveral driverssuch as the high cost of AM equipmeartd materials the cost and
skills needed forcertification and marketing activitiesthe need for high level of technical
expertise, the opportunity to open up newarkets and business casand the medium term
nature of the Return of Investment opportunities offered by ANth Rol aftes or even 10 years
mainly due to the lack of the maturity of the technolofy)urthermore the capacity to manage
the innovation povided by AM technologies as a system is a critical success factor for companies.
1 Smart Specialisationas reported in previous studi€¥s the European AM landscape however
remains fragmentedThe concentration of AM capabilities in specific Western European regions
leaves a picture of leading regions specializing in particgdgments of the AM value chain,
coveiing both supply and demand siddsastern (and to some extent Southern) Europwigever
at a discovery stage: only a limited number of@ihter manufacturers and specialized service
providers could be identified in Eastern European regions. In these regions, most efforts are being
made in key RTOs where public investments contabub the absorption and development of
AM knowledge and technologiedn order to enlarge industrial research and business
opportunities, crossegional and crossectorial cooperation is required. In this framework,
collaborations amon@3Smart Specialation Thematic PlatformsSSTPs (up to how European
Commission set up SSTPs for interregional cooperatiomaustrial ModernisationAgriFood
and Energyjvould beimportant to enhance AM penetration in traditional sectors atadfoster
crosscontamindion between western and eastern regions.

AM-MOTIONRoadmap aims teatch the foreseen opportunities aratidress the described
challenges bguggesting recommendationsdusing on industrial sectors of high economic, social and
environmental impactdescrbed in the subsequent chapter

16 Business collaboration models are treated étails in Deliverable D4.4, which will be publicly available at the project completion at

www.ammotion.eu
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Deliverable D54
4. Target sectors and products

According to Wohlers Report20#8 a LYy HamTI (GKS !a AYyRdzZZAGNEZ O

and services worldwide, grew 21% to $7.336 billion. The growth in 2017 compares to 17.4% growth in
20166 KSy G(GKS AYyRdzZZAGNE NBIOKSR bcdnco o0AfftAZ2Y YR
of $7.336 billion excludes internal investments from the likes of Airbus, Adidas, Ford, Toyota, Stryker,
and hundreds of other companies, both large and snmalburprising number of the $ billion
companiesg many of which are unfamiliar to most of gsare investing in AM R&D (research and

RS @St 2 LIhiS deinonstiiate that this is not a market segment that is declining, as shown in
Figure4.1, Additive manufacturing is poised to grow at a rate of 15.0% (CAGR;ZiP1%°

Future of Additive Manufacturing: Schematic of Revenue
Generation in Manufacturing Sectors, Global, 2015-2025

CAGR: 15%
@ _——_— 2025
$ 5.31 Bitlion $ 21.50 Billion - ‘

Figure4.1: 3D Printing Market Potential (Source: Frost &igan)

Advancements in additive manufacturing technology have exparitegipplications across
various industries; however, the challenge for companies is understandinglamresscanimpact
existing business functiong&urthermore,as the adoption of tk technology grows, the value and
potential of AM for promising applications can vary from one sector to another.

Adoption of AM has been highest in industries where its higher production costs are
outweighed by the additional value AM can generate: impabwroduct functionality, higher
production efficiency, greater customization, shorter time to market (that is, improved service levels),
and reduced obsolescence, particularly in adsmdvy industries. Engineeriiigtensive businesses
such as aerospacautomotive, and medical can accelerate prototyping, allowing them to explore
completely new design features or create fully individualized products at no extra cost. High
value/lowervolume businesses see faster, more flexible manufacturing processesiewith parts
involved, less material wasted, reduced assembly time for complex components, and even materials
with completely new properties createdkinally,sparepartsintensive businesses in fields such as
maintenance, repair, and overhaul get freedfnmm obsolete parts, faster time to market, more local
and ondemand production opportunities, and independence from traditional supgfiers

The AM-Motion roadmap focus in particular on the followitap-levelsectors

8Wohlers, T. &. (2018yVohlers ReportColorado: Wohlers Associates Inc.

19 Frost & Sullivan's Global 360° Research Téday 2016)Global Additive Manufacturing Market, Forecast to 20BEgst & Sullivan,
Mountain View, California

20 J6rg Bromberger and Richard Keldditive manufacturing: A lonterm game changer for manufacturerSeptember 2017

17


https://www.mckinsey.com/business-functions/operations/our-insights/additive-manufacturing-a-long-term-game-changer-for-manufacturers

/N\M-mMotion

Becouse AM matters

Deliverable D54
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Figure4.2: AM-Motion key sectors

A brief overview on the market potential, along with key innovative AM products for each
sector identified is reported below.

4.1. Health

| SFfdK Aa 2yS 2F (KS Y #ifé whicBhhakedthidsechr oheoftieOl a 2 1
world's largest and fastegjrowing industries, consuming over 10% of gross domestic product (GDP)
of most developed nationddealthcare applications accounted for 12.2% of the related revenue for
their AM market! with a sharethat will likely reach $450rby 20232 Equally, the medical sector has
seen 25% compound growth in the AM market every year since?’2009

AM offers high added value to a humber of applications and has already established itself as
strong sector using theechnology . The dental market currently holds the largest share in AM with hip
and knee implants becoming the second largest area of the healthcare skodiental AM is widely
adoptedfor the production of crowns, bridges, ilrguides and dental aligneThe AM hip implant
cup was one of the first applications used in large production quantities mainly owning to this
promotion of bone ingrowthOther early acceptance of applications include visualisation models,
hearing aids, hip implants, teeth braces and drilling guides.

Figure4.3: 3D printed acetabular cups with integrated Trabecular Structunesriproved osseointegration
(Sourcevww.arcam.con

Moreover,AM is being used for the creation of assistive, surgical and prosthetic devices and
customisedmplants with atypicalfocus on norstandard, complex or accacy sensitive caseshere

2Wohlers, T. &. (2016)Vohlers ReporiColorado: Wohlers Associates Inc.
22 Global metal additive manufacturing market 262620 Technavio Inifiniti Research Limited 2015
2%http://www.medicalplasticsnews.com/whis-2016the-yearfor-additivemanufacturingin-the-medic/
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models for preanalysis andor practicing the actual surgery are aldeveloped;. HeréM is able to

bring significant improvements due to the nature of the proces allowsfor complex parts to be

produced accurately and tthe patie/ 1 Q& & LIS OA T A OThys Sr&licing theyfdtovald® F A £ S ¢
healthy bone, eliminating the need for bone grafting whilst promoting effective planning of
implantation/surgery and shortening the time of anaesthesia and increasing implant lifieytary

in an era of an ageing populatiin

Current research interestalso focusin bio-printing of skins and organs, including the
production of bone and cartilage scaffolds. Although still in its infancy, 3prisiting offers additional
advantages wer the traditional regenerative method, particularly in bone and scaffold regeneration,
such as highly precise cell placement and high digital control of speed, resolution, cell concentration
and drop volumé.

Other growing areas of focus in this sectoe alsowell-being (including pharmagand food
where the ley drivers are the possibility for personalisation, rapid experimentation, on demand supply
and of having novel functions and forms, offered by these technologies.

On the other handproducts foruse in the health sector are often critical and need to meet
very high standards regarding reliability, safety,-@@onpatibility and require certification (e.g. CE
mark according EEC/93/42 for Europe or US food and drug admiita (FDAapproval for U8)),
which slows down the utilisation of new technologies and especially materials.

There are a number of key drivers for the healthcare sector to adopt AM and hence increase

the potential impact. These include:

1 Personalisation
Mass customisation
Efficientbio-compatibility
Promotion of healthy bone ingrowth after surgery
Integration of medicine and healthcare through digital innovation
Increased efficiency of supply chain
Reduced lead time
Quicker response times

= =4 =4 4 -4 -4

2*Wohlers, T. &. (2016)Vohlers ReporiColorado: Wohlers Associates Inc.
25Vincent Bonneau & Hao Yi, IDATE; Laurent Probst, Bertrand Pede®iadlelly Lonkeu, PwC (January 20Thg disruptive nature of
3D printing EC- Digital Transformatin Monitor
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Deliverable D54
4.1.1. Target Products

In the Health sector therare a number okey innovative AM productsAsshownin 4.4, eight
main product groupwere identified.The detailed list of products for each group is reportedale
4.1.

Figure4.4: Health key product groups

Table4.1: HEALTHDetailed list of key innovative products

« Dental implants (Stems, Crowns, Bridges) -« Biodegradable Implants
Q = 4D Biocompatible implants = Other endo-prostheses: Orthopaedic &
Cardiovascular Implants

Medical Implants

o

P . « Bioprinted constructs for tissue engineering « Bioprinted cartilages
Living Tissues « Bioprinted organs for transplantation = Bioprinted organs for transplantation”
& Organs

. 3D pl‘iﬂ ted scaffolds fOl‘ tissue engineen'ng * High chatlenging and long term target;
under scientific discussion

Lo + Flexible supports (instead of rigid casts), + Advanced hearing aids
Assistive & i.e. orthoses, splints, orthopaedic brcces, « Esoskeletons
Prosthetic Devices thoraco-lumbar corsets etc. « Bespoke assistive devices for elderly &
* Prosthetic limb disability (crutches, wheelchairs etc.)
. . » Customised surgicals guides and tools (e.g. guides for drilling and for seaming)
Surgical Guides, = Case-specific surgical models (focus on soft tissties)
Tools & Models « Models for communication with patients and surgical planning

Other Customized g = Special soles, insoles and other shoe patrts for sports and orthopaedics

Products
+ Crowns » Dental aligners + Tweezers
Other Dental . Bridges - Dentures
Products +  Braces + Osteotomies

Pharmaceutical « Drugs
Products « Drug Delivery Systems with Smart Biocompatible Materials

3D Cooked food « In-house 3D Printers
Consumable “food inks” « Personalised Diet

g
o
2.

4.1.2. Regional Capabilities

According to theAM-motion mapping exercise of 18 European regiohs, ihealth industry
appears as one of the sector where most of the regionsyafAM to one extent or anotheKey playes
from the regionsAsturias ValenciaBasque Country, Catalonia, Flanders, NormaNagrd-Brabant
East Wales, Thiringen ahtibrte are involved with AM in the health sector
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Moreover, within the Vanguard 3DP pi§ta Health demo casproject was proposedby
Emilia Romagnaegion (Italy). Current interested regions ar&axonyand NordrheinWestfalen
(Germany) East Netherland&he Netherlands)WalloniaandFlanderdBelgium) andEmilia Romagna
(Italy). The case aims at developing cross regional demonstration activities in the fields of 3D printed
external orthosis and internahiplants/prosthesesin the long term, the main objective seeks to
demonstrate the feasibility, the value, the sustainability and the efficacy, as well as safety, of the 3DP
technology once applied to medical problems.

Here below Figure4.5) is reported anap showing the national and regional activity (based
on number of projects) in the Health sect@ermany, France, UK and Spain are the countries with
higher number of projects related to the health sector. In Germany half of the listed projects focus on
dental products, while in France different projects are related to bioprinting for bone tissue. In
addition, a couple of projects from Spain focus on bioprinted scaffolds and osseointegration, with
attention to 3D printed food. Projects from UK deal moreaptimization of materials and processes.

HEALTH National and Regional Projects

mark =]

land

=
a
| —
a g
=

Austria

Belgium g

Czech Republic g

»

cccccccc

Del
Fi
UK

Portug:
Serbi
Spail

Sweden

Netherla

Figure4.5: HEALTHMap of National and Regional Projects
The complete list ofiational and regiongbrojects divided by country can be found in ANNEX B

26 https://s3vanguardinitiative.eu/cooperations/higherformanceproductionthrough-3d-printing;
https://www.s3vanguardinitiative.eu/sites/default/files/docs/general/vanguard initiative flyer 3dp 0 002 0.pdf
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Deliverable D54
4.2. Aerosmce

The Aerospace sector has been one of the early adopters of 3D printing. According to the
Wohlers report this industriadector has grown by 4.3% in 2015 asdhe second largest sector for
AM?’. Qurrently representsabout 18% of the global AM mark&with a share thatis predicted to
reach $1bn by 2021 The aerospace industry includes design, manufacturing and operation of
aircrafts and spacecrafts.any examples of niche components being made and supplied using various
forms of AM? are available,His is mainly owing tthe advantages AM provides in termsrefiucing
the weight of the components without sacrificing their performance, and reducing thedafly ratio.

By utilizing topological optimisatioand other digital modelling toolsew materals and digital
manufacturing, parts can be designed to be much lighter but still present equal or even better
performancdan example is shown figure4.6),. In addtion, part consolidation i.e. printing parts in

a single piece instead of several fitted together, reduces assembly costs. Parts are used in rather small
guantities, and they have often complex geometries as well as advanced materials, which might be
chalenging to manufacture by conventional me&hs

Figure4.6: Topology optimization of structural hinge and manufacturing in Titanium (courtesy of PRODINTEC)

The main focus markets 8iM inthis sectorare engirs and aircrafts interior parts, this is also
demonstrated by last yearsignificantlygrowing number of projects in prg@roduction and flight
testing fa aircraft engine manufacturilg h G KSNJ | LILIX A OF GA2yasx &adzOK | &
markets.

As for the health sector, the aviation industry is strictly regulated. Safety is always the first
driver in the aerospace industry; therefoifee AM introduction has had to take into account the need
to verify the compliance with all existing regulations around the world. The complete strategy is
subject to a continuous process of validation, verification and agreement with all applicable
Airworthiness Authorities.rl more recent times, the industry is making significant moves to qualify
AM parts

There are many ther examples of the AM benefits being capitalised on by the Aerospace
industry showing that here are a number of key drivers fohnis sctor for the adoption and
development of AM and hence potential areas of impact. These include:

1 Light weighting
1 Energy usage (improved fuel efficiency)
f 58aA3y FTNBSR2Y WYWySgQ 2NJ W2LIGAYAASRQ

27Wohlers, T. &.2016).Wohlers ReporiColorado: Wohlers Associates Inc.

28DeSilva, R. (2015, Novembédebunking the myths of Additive Manufacturifetrieved July 22, 2016, from Additive Manufacturing
Summit:http://www.additivemanufacturingsummit.com/media/1003367/34746.pdf

29 Smartech. (2014, AugustAdditive Manufacturing in Aerospace: Strategic Implicati®etrieved July 22, 2016, from Smartech
Publishing https://www.smartechpublishing.com/images/uploads/general/AerospaceWP.pdf

30 Additive Manufacturing Platform. (2014)dditive Manufacturing Strategic Research Agefassels : Adtive Manufacturing
Platform.

31IDEA Consult, VTT Technical Research Centre of Finland Ltd, AIT Austrian Institute of Technology and CE(R& 018D
printing: Current and future application areas, existing industrial value chains and nusgipgtences in the EU
https://ec.europa.eu/growth/content/report3d-printing-currentand-future-applicationareasexistingindustriatvaluechainsO_en
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Life cycle cost

Life time extension

Reducing the buyo-fly ratio

Utilisation of materials

Performance of materials

Reduction of time to design and test and validate an aero engine
Validation in full scale engine tests

Increased efficiency of supply chain

Production efficiency

Simplified assembly process

= =4 =4 =4 =4 4 -4 -4 -4 -4

In the longerterm, AM has real potential also for the space industry. In this sense, The
European Space Agency (ESA) began to study the potential applicability of AM tecHndlogy
roadmap, covering around 30 types of AM parts that would strongly benefit from beingfaciared
using AM and the entire entb-end AM process, from initial modelling and design of items to material
supply and processing and pgstocessing stages to qualification and standardisation, has been
produced by them. Standardisation is a key eletrie for space. To give mission managers sufficient
confidence in 3Eprinted parts, methods need to ba place to ensure that these items perform to a
benchmarked, repeatable standard.

One key driver for space structures and equipment is the launching loads. Currently all parts
being delivered to the International Space Station, or in a longer term, to the Moon or Mars for
example, are launched as finished parts, therefore oversizeduaddr the launching loads. Printing
them directly at the destination will save a lot of weight and sdstcause those parts can be
optimized to sustain real operating loads..

On the other hand, the spares sector has potential for AM in terms of partg lokglivered
literally to any place in the world (usually at short notice). AM could drastically become a game
changer, by reducing the needs of stocks by printing the parts closer to the demand and enabling
shortening of lead times for part availabilityu®ness models to be adopted will be a major decision
to be taken in the industry. Safety, traceability and IP rights will also have to be secured. In 2016 a
spare process has been agreed with EASA and several parts have been subsequently approved and
avalable in case of customer demand.

Another relevant and specific niche market is represented by the cabin parts. Surface quality
and full harmony with the existing non AM parts are extra requirements which current technologies
do not fully cover. Thereforgery specific post processes are being developed as well in order to
ensure that regulations are met (Fumes Smoke and Toxicity (FST) + Heat Release in case of a fire in the
cabin) and full customer satisfaction is granted (no visual difference with exjsairts).

32 http://www.esa.int/Our_Activities/Space Engineering Technology/Advanced Manufacturing
http://www.esa.int/Our_Activities/Space Engineering Technology/Ten ways 3D printing could change_space
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Deliverable D54
4.2.1. Target Products

In the Aerospacesector there are a number dfey innovative AM productsAs shownin
Figure4.7, ninemain praluct groups where identifig The detailed list of products for each group is
reported inTable4.2

Aeﬁc&

&

)

Figure4.7: Aerospace key product groups

Table4.2: AEROSPACREEetailed list of key innovative products

Turbine Parfs, = ;;urbr'}ne Blades, Guide Vanes . :r'npestierst I
- » Mozzles + Non structural ports
Engine - Statar Rings
Small Aircraft Wings,

Fuselage & Their Components

. « Interfor parts + Seats
Cabin = Airco « Door handles
& cﬂckpltt pﬂﬂS « COVErs N H.I:ﬂgt?.‘;

Other
complex parls

= Bionie design parts
« Integration of ports

Components of Large
Aircraft Wings and Fuselage

« Air Foils, Brackels
« Landing gear parts

Spare parls « Carbon Fibre Printing For Spare Amnd Repair
& r:epafr + Repair of engine components
Concept Modelling, ?r%ﬁ’.) « Carbon Fibre Mouldings
Prototyping & Advanced Moulds LY - Components with vibration dampening geametries

Niche, « Circuils For Flight Test Instatlalion
Low Volume Parts « Customised Cobin Applications (Seets Ete)
Embedded Electronics « Structural heolth mornitaring » Embedded sensors (both in the

= Circuits for power sipply structure and within engines)
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4.2.2. Regional Capabilities

Equal to thehealthsector, the large majority of regions use AM in the aerospace sector. 14 of
the regions among whih Catalonia, Eni#-Romagna, FlandersAuvergneRhéne AlpesNorte,
Thiringen, East Wale#dragon as well aBasque Country mention this as one of their dominant

sectors where AM is already usddhly TampereNavarra and Valenciare not including this a a
dominant AM sector.

Here below Figure4.8) is reported a map showing the national and regional activity (based
on number of projects) in thAerospacesector.

As already anticipated, the Aerospace sector is one of the dominant iAhadustry, and
this is also demonstrated by the overall number of listed national and regional projects focusing on
the sector (about 8% of the total and second only to Industrial Equipment and Tooling).

The countries with a higher number of relatedofacts are Germany, France altK all
focusing mainly on optimisation of processes for the developnadritigh performances parts and
hybrid manufacturing for large components.

AEROSPACE National and Regional Projects
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Figure4.8: AEROSPAGCHap of National and Regional Projects
The complete list ofiational and regiongbrojects divided by country can be found in ANNEX B
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4.3. Automotive

Automakers have been using AM for almost three decades, and today are progressing to a
variety of applicationsranging from design, development, tooling and rapid manufacturing. The
industry is the third largest sector for AM as reported by WoRfensd it ispoised to become a $4.30
Billion global business by 2025

Rapid prototyping has historically been the magimmon use of 3D technology within the
automotive sector.The industry has in fact used 3D printers mostly in theqauction stage,
making prototypes/ concept models (an example is showRigure4.9) but also small and complex
parts for luxury and antique cars.

Figure4.9: The concept model for a Citroen interior (Courtesy of Materialise)

The sector is muclheavilydependent on mass production of partghich are significantly
cheaper usingraditional manufacturing methods, thereforewidespread adoption of metal AM has
not yet occured in the industryBecause of this limitatigrthe most relevant applicains for metal
3D printing technologies in the automotive industry are for kiégid car manufacturers

On the other handthanks to the significant developments made in AM technology the
industry has grown and is now utilising the benefits of AM in newswdgre companies ar@ fact
adopting 3D printing for jigs and fixturdewering costs, provieghg lighter and more ergonomic tools,
and more. Furthermoreit has shown a consistent reduction in letiche by 40% to 90% and cost
reduction up to 60%. 3D mriing tooling also allows design teams to save time because they can be
more responsive with the ability to create owdf custom component$®

The safety requirements on automotive parts are very high as well as other requirements on
strength, lightweightand costs while the series often are very large. It must be taken into account that
about 20 years ago, the roaftrength requirement to resist rollover crush was roughly the weight of
the vehicle. Today, rollover strength is about four times the grosileWweight AM technology could
help in this context thanks ttmpographical optimizationcreating parts wittmaximum strengthusing
minimum weight and material

Besides unexpected breakthrough on the technical side, changes in the end product itself
(Snart/Green cars) might also affect the type of structural components needed.

There are a number of key drivers for the automotive sector for the adoption and
development of AM and hence potential areas of impact. These include:

33\Wohlers, T. &. (2016YVohlers ReporitColorado: Wohlers Associates Inc.

34 Frost & Sullivan's Global 360° Research Team (May ZBib®gl Additive Manufacturing Market, Forecast to 20R2f@st & Sullivan,
Mountain View, California

35How 3D Printing Is Changing Auto Manufacturiki;achineDegjn (Nov14, 2016)ttp://www.machinedesign.com/3eprinting/how-3d-
printing-changingauto-manufacturing

26


http://www.machinedesign.com/3d-printing/how-3d-printing-changing-auto-manufacturing
http://www.machinedesign.com/3d-printing/how-3d-printing-changing-auto-manufacturing

)
{

/AM-mMotion

Deliverable D54

(Functional) prototyping

Light weighting

Design freedom

Increased efficiency of supply chain

Increased quality, reliability and reproducibility
Reducing vehicle carbon emissions

Cost effectiveness

= =4 =4 4 -8 4

In conclusionthe typical large series envisaged in automotive have a negative impact on the
cost effectiveness of 3Printed components. In assembly tooling and other manufacturing aids
however, this is not a problem and the automotive industry is an early adop&-pfinting in these
application.

4.3.1. Target Products

In the Automotivesector there are a number &ey innovative AM productsAsshownin Figure4.10,
sixmain product group where identifiedThe detailed list of produstfor each group is reported in
Table4.3.

Figure4.10: Automotive Key Product Groups
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Table4.3: AUTOMOTIVEDetailed list of key innovative products

Engme . L“.:".fr:;.':.':: Components . EGIT:.';1_LT,/ ."-c":'.f_t:r'fj:'.fi‘t.'lﬂ_:'_l . E»‘J.M 5r'1:'||‘:-i _
+ Mouildy repair parts (small complex, « Batteries for E-cars
Components fraiding oies Ie G compee BHRIENES |
« Gear box parts » Conrod
oy « Manufacturing Tools « tigs And Fittings
A”x‘_“ary Means af + Tools For Testing And Assembly » Tooling for precise positioning during
Production & Supports assermbiy
Embecdded . Sencors
Electronics
Concept Modelling, + Carbon Fibre Mouldings

- Customised lights - Concepts Lenses and Glassprinting

Prototyping & Design

MNiche, Low

+ Exclusive And Sports Car Parts

+ Low Volume rior Parts
Volume Parts . Custorized Parts
« Mew parts to upgrade
Spare Parts e
, « Assembly of new sensors
& Repﬂ'l’f‘ = New liguid parls” alrducts (plasmal

4.3.2. Regional Capabilities

The automotive industry appears as the sector whereshaf the regions including Castilla
y Ledn (Spain) Normandy and AuvergneRhéne Alpes(France) NoordBrabant (Netherlands)
Thiringen(Germany) Vastra Gotalan@Sweden) East WalegUnited Kingdom)as wellas Asturias
Navarraand Valencia(Spain) apply AM to one extent or anotherThe only two regions not
categorising the automotive as a dominant AMs sector are Tam(@néand)and OccitangFrance)

In the Vanguard Initiativé¥, the 3DP demo case @no-5 NA Y 1 SR | & 6 Nfbdesed 2 Y LI2 Y ¢
on automotiveas the main target market (another secondary market is aerospace).eBaeHartner
of such demo case Emilia Romagnétaly). Participating/cdeading regions areAragona(Spain),
Norte (Portugal), Baden Wurttenberg and Saxony (Germaaybardy (Italy) AuvergneRhodne Alpes
(FranceandOrebro Lan (Sweden)

Moreover, the 3DP Vanguard demo case-5 NA y (i SR | dzil 2 Y 2fdcds€sdn the2 Y L2 y S
development of AM large and complex components, targeting specifically the automotive sector, but
with applications also ineronautics, shipbuilding and railwagnstruction sectorsThe leaderegion
is Aragon (Spain)Participating/coleading regions areEmilia RomagnalLombardy and?iemonte
(Italy), Norte (Portugal), BadéWNurttemberg, Thuringia ah Northrine Westphalia(Germany),
Asturias Pais Vascand Madrid (Spain), Cambridgeshi@pucestershire Berkshiend Warwickshire
(United Kingdom) Bucharestlfov (Romania),Aargauand Alpnach (Switzerland)Brussels Capital
(Belgium)Attica(Greecepnd LuxembourdlLuxembourg)Here below Figured.11) is reported a map
showing the national and regional activity (based on number of projects) iAut@motivesector.

Germany, Portugal and UK are the countries with higher number of prajeleted to the
Fdzi2Y20A @S aSOG2N®» !'a F2NJ 0KS | SNRaLI OS aSO02NJI I

36 https://s3vanguardinitiative.eu/cooperations/higherformanceproductionthrough-3d-printing;
https://www.s3vanguardinitiative.eu/sites/default/files/docs/general/vanguard initiative flyer 3dp 0 002 0.pdf
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rapid prototyping in general.
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Figure4.11: AUTOMOTIVEMap of National and Regional Projects
The complete list ofiational and regiongbrojects divided by country can be found in ANNEX B

4.4. ConsumerGoodsand Electronics

Consumer goods and electronics is the fourth largest sectors usindRakénue from 3D
printed electronics and caumer products accounted for 13% of tAd industry,with a share of
$681 million, in 201%.

In this sector, 3D printing is being exploreddsign, develop, prototype and manufacture a
variety of consumer products, spanning from clothes, jewellery and other fashion products, digital
accessories, to home gadgets and decoration.

Although making prototypes remains the main use of additive fatioisathe technology has
AYONBFaAy3Ifte ALINBIR Ayd2 WNILAR YIydzZlFOQldz2NAY3IQOD
free structure, enabling artists, designers, jewellers and fashion designers to make one off bespoke
pieces¥Figure4.12). In addition, AM opens a door to offer mass customization at lower cost.
Moreover, alditive manufacturing enables companies to build nonstandard electronics, complex
assenblies, and intricate or curvilinear shapes. In this way, AM designers are free to design innovative

S7Wohlers, T. &. (2016YVohlers ReportColorado: Wohlers Associates Inc
38 Scudamore, R. J. (201BOSITIONING PA®Ehe Case for Additive Manufacturing. UK: AM Strategy Development Shedifield
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electronic objects that could not have been produced through conventional means, and they can
optimize product designs for functionality with fewer manufaig constraints®

F N

4

.
Figure4.12: Stool named OneShot by the designer Patrick Jouin for MGX by Materialise.

A new market that is currently adopting AM and the possibility for mass customisation is in
eyewear. Spectacles have an enormous impact on the look of the person wearing them. Not
surprisingly, the fashion industry plays an important role within this market. It was only a matter of
time for AM to break into this markeEurthermore, the adoptiorof CAD software among designers
is opening the way to AM for manufacturing in the jewellery sector. Annual revenues freprir@Bd
hardware, materials, services and software used in the jewellery industry is expected to reach $900
Million in 2026.

Thereare a number of key drivers for the consumer goods/electronic sector for the adoption
and development of AM and hence potential areas of impact:
Tailored products
Customisation
Increased efficiency of supply chain
Increased functionality
Enhanced material
Sustainability of raw materials
Higher demand for colourful items
Demand for innovative products

= =4 =4 =4 -4 4 -4 -4

3% M. Mahto, B. Sniderman3D opportunity for electroni.Deloitte Insights https://www?2.deloitte.com/insights/us/en/focus/3d
opportunity/additive-manufacturing3d-printed-electronics.tml#endnotesup-11

40 SmarTech PublishizgBDdPrinting Opportunities in the Jewelry Indust®017: An Opportunity Analysis and T¥ear Forecast
https://www.smartechpublghing.com/reports/3dgewelry-industry/
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4.4.1. Target Products
In the Consumer and Electronics sector there are a numblegyinnovative AM productsAs shown

in Figure4.13, nine main product group where identifielhe detailed list of products for each group
is reportedin Table4.4.

Consumer Goods
& Electronics

II{E}}

Figure4.13: Consumer Goods and Electronics Key Product Groups

Table4.4: CONSUMER GOODS AND ELECTRORi&®d list of keynnovative products

+ Glasses / Eyewear + Shoes + Protective masks
Wearables - (Fashion) Clothing . Jewellery (sport professional)
+ Sports Products » Accessories
Household = Light Fixtures « Furniture
Utensils + Voses « Cutlery
Entertainment @ + Toys + Musical instruments + Conscles occessories

Sensors + Sensors integrated in 30 printed parts
& Antennas » Exo selections

Basic Electronic « Resistors « Inductors « Circuits
Components « Capacitors * Diodes
= Plastic covers » Conformal cooling inserts
Spare Parts « Repair parts « Multimaterial inserts (e.g. Fe-Cu)
& Repair « Ohjects/parts no longer fabricated « Aluminium inserts for small batches

Other ':F" = Cooling of Electronic and LED lamps » Audio components
Electronics

= Smart pockaging for consumer » On-demand and customised
Packag.fng goodsselectronic parts, packaging

Art e - Complex Sculplures

31



)
{

/AM-mMotion

Deliverable D54
4.4.2. Regional Capabilities

In terms of AM used in the crafting consumer goods, a large humber of the regions are active
in this field, including Castilla y Leésturias ValenciaNavarraBasque CountrgndCatalonia (Spain)
AuvergneRhone Alpesand Normandy(France), Tampere (Finlandtast WalegUnited Kingdom)
Tharingen(Germany( and Norte (Portugal)

Especially the value chain surrounding consumer goods, a number of regions have had the
need to indicate further activity in this siec and hence, a few regions have indicated that they also
see the sector of creative goods as a dominant sector where the application of AM plays a central role.
Three regions operate in the consumer goods sector, with Ast@@pain)and TampergFinlar)
specifying AM related engagement in the creative goods sector and Normandy working on luxury
related industries. While not identifying themselves with consumer goods, the regions of Flanders and
Noord-Brabant are also active users of AM in the creasieetor.

In the Vanguard Initiativé, the 3DP demo case an/ NB | ( A @S MdsstldsumiizedA S &
O 2 y a dzY S NJislalNt® iffatety @ri &ims at working on crosgional cooperation in the areas of
furniture/toys, footwear, wearables, etc. The leaegion is NortgPortugal)with co-leading regions
such as ambardy(Italy)and CatalonigSpain).

Moreover, the recently identified Vanguard denvased o 5t A yis mlaSniedith beS ¢
focused orFused deposipn modelling (FDM) on Fabrics. The lead regsdrombardy(Italy) with co-
leading regions such &andergBelgium)and NordPasde-CalaigFrance).

The onlythree regions not categorising theonsumer goodsis a dominant AMs sector are
Emilia Romagné@taly), Vastra GétalandgSwedenyand OccitangFrance)

Here below is reported a map showing the national and regional activity (based on number of
projects) in theConsumer Goods and Electronsextor.

Franceand Germany haveéhe highest number of projects related mostly to 3D printed
electronics (eg. circuit boards and transistors) while in UK, that hastttiel highest number of
projects the focus is more on developing processes and materials for wearables applications (e.g. high
performance shoes).

41 https://s3vanguardinitiative.eu/cooperations/higherformanceproductionthrough-3d-printing;
https://www.s3vanguardinitiative.eu/sites/default/files/docs/general/vanguard initiative flyer 3dp 0 002 0.pdf
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CONSUMER & ELECTRONICS National and Regional Projects

nY O

nd

Belgium =

Czech Republic

mark

land
nce

l —
Netherlands  uu——

Austria
]

mmmmmm

It:

Norway wmm

Poland )

Portugal ummm

Spain  ——

Serbia |
Sweden

De
Fil
Fr
Germ
Irel;
UK

Figure4.14: CONSUMER GOODS AND ELECTROM[CE National and Regional Projects
The complete list ofiational and regiongbrojects divided by country can be found in ANNEX B

4.5. Industrial Equipment and Tooling

This sector includesdustrial and business machines as well as all kinds of tooling. According
totheWohlersNB L2 NI AdQa (GKS I NBSad !'a aSO02N) I O02dzyi.

AM industrial equipment is a significant sector and a growing one for the Europadet. In
March 2016, as many as 28 companies in Europe were manufacturing and selling AM equipment. Eight
of these are metal powder bed fusion system manufacturers. Wohlers reports industrial machines as
those selling for more than $5,000 which aimsliNP2 @A RS GKS RA&GAYyOlA2Yy 0SS
WRSA102LIQ® 2 A0KAY 9dzNRPLIS GKSAS SldaALIYSYd YI ydzF|l C
Concept Laser, Germany (75% acquired by GE); DWS, ltaly; Envisiontec GmbH, Germany; EOS,
Germany; Lithoz, Auséri Mcor, Ireland; Prodways, France; Realizer, Germany (acquired by DMG
MORI); Renishaw, UK; Sisma, Italy; SLM Solutions, Germany; Trumpf, Germany and Voxeljet,
Germany?. Many of these companies are also developing new AM systems to bring to the market. A
total of 12,558 industrial systems unit sales were estimated worldwide during 2015. In 2015, Europe
position in system unit sales grew to 31.7% in 2015.

AM can be used to produce tooling, moulds, fixtures and patterns with enhanced
functionality. Moreovertemperature regulation is a key issue for industrial equipment in the process
industry and injection moulding. Because AM enables the ability to produce parts with complex
internal structures improve heat transfer can be applied. For example, conformihgadhannels
inside moulds can reduce cycle times up to 40% when using AM. This is particularly important when

42\Wohlers, T. &. (2016)Vohlers ReporiColorado: Wohlers Associates Inc.
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equipment needs to operate at very high temperatures (e.g. burners) and internal cooling channels

are able to cool the parts improving the lépan of the parts and the mechanical properties of the

part when operating at these high temperatures. Product examples are special heat exchangers and
YIEYAF2f RA F2NJ 0KS LINRPOS&a AYRdZAGNEI NRo2G 3INRKLI
exchangdlDl 60 02 2f Ay 3 LXin Fig$en. 151 Goolirdy i@ yermal Sabilkseéd table by

means of free form cooling structure (source TN®& cooling plate is eqpped with a grid of thermal

pixels each having individual supply of cooling liquid that can keep the temperature gradient of the

plate within very narrow limits.

Figure4.15: Cooling plateThermalstabilised table by means of free form cooling structure (source TNO)

As a secondary service market, tooling produced using AM grew from 13.1% to $1.859 billion
in 2018°. As a horizontal industry, tooling is a major industrial sector producing endless products to
be assembled using various jigs, fixtures and moulds. To produce these parts conventional CNC
machining is widely used, however these techniques can be expenglvéong lead times. This is
where more manufacturers are now looking to AM for a more cost effective method particularly for
producing low volume or one off complex parEqually,this opens the opportunity for improving
tooling design which in turn &r improved functionality of the products produced.

4.5.1. Target Products

In the Industrial Equipment and Tooling sector there are a numbé&ewgfinnovative AM products
including industrial equipment itself. As shown Figure4.16, nine main product groups where
identified. The detailed list of products for each group is reporitedable4.5.

Figure4.16: Industrial Equipment and Tooling Key Product Groups

43\Wohlers Report 2016: 3D Printing and AM state of the industry. Annual worldwide progress report.
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Table4.5: IND. EQUIPMENAIND TOOLIN®etailed list of key innovative products

4.5.2. Regional Capabilities

AM is also used extensively in the crafting of industrial equipment and tools, and is
subsequently a dominant sector for 13 of the regions, including for Asturias, Castédlanyand
Cataloniaand Basque CountrySpain) EmiliaRomagna(ltaly), Flanders(Belgium), Occitanie and
AuvergneRhéne AlpegFrance) Noad-Brabant(The Netherlands)Tampere(Finland) Thiringen
(Germanyjand Norte(Portugal)

In Noord-Brabantthe sector is supported by the availability of industrial machine builders,
while in EmiliaRomagna all relevant companies are equipped with AM machinery for prototyping,
which has led to the region placing a growing focus on applying AM in the toolthgpame part
businessin AuvergneRhéne Alped0 of the key actors identified specified that they work with AM
within the industrial equipment and tooling sector. Furthermore, eight of the actors are focused only
on industrial equipment and tooling.

In the Vanguard Initiativé, the 3DP demo casea I OKAYSNE X ¢22f Ayid | yR
a European network of experience, competences and resources covering all aspects of AM, from
redesign to preproduction, supporingwith tangiblefacts thetechnical and eonomical validation on
real life applicationsThe platform is focused on mature AM technologies implementafidre lead
region is Wallonia (Belgiumyith participant regions such a®mbardyand Trentino (ltaly) Aragon
and Catalonia(Spain)Norte (Portugal), Tampere(Finland) AuvergneRhéne AlpegFrance) South
Netherland<the Netherlands).

44 https://s3vanguardinitiative.eu/cooperations/higherformanceproductionthrough-3d-printing;
https://www.s3vanguardinitiative.eu/sites/default/files/docs/general/vanguard initiative flyer 3dp 0 002 0.pdf
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Another Vanguard 3DP demo case relevant for the analysed sector is the one entitled
G! RRA dz0 @83 O0 A @ Shich Jimsliaf Midrating additive &ubtractive technology
production flows to enable a quick, professional analysis of several production procegsdut the
participating companies. The objective is to develop a digitally connected network of pilot lines /
production hubs able to prodécin a cost effective way one piece or small product series with an
extreme high pecision, high finish and addedlue, combining addite and subtractive technologies.
The lead regionSouthNetherlands (the Netherlands) with participant regions such aBaden
Wirttemberg and Saxony(Germany) EmiliaRomagna Lombardyand Trentino (Italy) anélanders
(Belgium)

Here below Figure4.17) is reported a map showing theational and regional activity (based
on number of projects) in thendustrial Equipment and Toolirsgctor.

The sector has the overall highest number of projects in the list, accounting for the 25% of the
total, reflectingthe fact that theindustryisthe largest AM sector.

Germany, Portugal, Ud Francere the countries with higher number of projects related
to the industrial equipment and tooling sector. In particular, most of the projects from Portugal focus
on moulds and hybrid technologies, whife UK projects are more concentrated on solutions (both
from the point of view of HW and SW) for improving the surface finishing of AM components. Hybrid
technologies are also the focus of different project from Germany, together with the development of
wire-based technologies for 3D printing of metal. In France a number of projects focus on
development of software solutions and moulds.

IND. EQUEPMENT AND TOCLING Nationsl and Regianal Projects

Figure4.17: IND. EQUIPMENT AND TOOLIM&p of National and Region&rojects
The complete list ofational and regiongbrojects divided by country can be found in ANNEX B
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4.6. Construction

Additive manufacturing is gaining ground in the construction industry, manly owing to the
potential to improve on current constructionethods The construction industry has been recognized
as one industry thatonsumes considerable amount of resources and poses signifinaimbnmental
stressesOver the past few decades, studies on construction innovations have been conducted to
addressthe productivity, environmental, and other issues in terms of two forms. One form of
construction innovations is a response to external needs (e.g. the dlimrss) and the other form
of construction innovations originates from other industries. Howewbe main emphasis for
innovation strategy in the construction industry is to use technology from elsewhere to reinforce other
competitive advantagés

Freedom of forms, unconventional buildings, curves, innovative designs and personalized
creations aresome of the features that AM can bring to this sector. In construction virtually every
wall, floor, panel, partition, structure and facade is unique in dimension, which means either standard
sized materials are cut down to fit, or bespoke moulds are cre&deform each component. In the
latter case economies of scale drive the need to design multiple copies of identical elements on a
project. There is a clear celaised opportunity to save time and materials by reducing waste and the
need for formwork/moutl making. There is also significant potential to reduce the quantity of
YFGSNRAFfAa dzZaASR GKNRAAK 2LWGAYAaAlLGAZ2Y 2F F2N¥ |yl
Fdzy QliA2yQ gAGKAY O2YLRYySyiliad ¢KS O2YLldzidesiph 2y | £ R
around individuals and the environment. Furthermore, AM may remove the need for replication of
components, giving designers freedom to make each part ufique

A complicating factor for application of 3Winting in the construction area is that the
requirements in this sector are tough with respect to e.g. durability (typical required life span 50
years), safety and strength (compressive stress) while some parts of the building are exposed to
outside weather conditions and heavy loads. Another issue sizes of buildings. These are often in
the range of tenths ofneters, whichs enormous compared with the building area of most traditional
3D-printers that have working areas in the range of e.g. 300 mm. This means that the volume of
workpiecematd\A £ dzASR Ay o0dzAf RAy3aa OFy 6S Ay GKS 2NRS
parts produced by AMDevelopments concerning these issues are already taken place.

Experimental applications of AM in the construction industtgrted appearing irthe late
1990'¢’. These initial proebf- conceptapplications helped identify potential benefits and challenges
for AM technologies in constructio@urrently there are three largscale AM processes @ted at
construction and archkécture in the public domain, namely: Contour CraftihgD-Shapé® and
Concrete Printing. All three have proven the successful manufacture of components of significant
size and are suitable for construction and/or architectural applications.

The integratim of AM technologies in the construction sector has the main advantages:

1 Manufacturing of new structures, complex shapes, integrated channels with flexibility and
adaptability:
9 To build more accurately and with a better final appearance

4SWu, P., Wang, J. & Wang, X. Automation in Constructiartitical review of the use of[3 printing in the construction industrxutom.
Constr (2016)

46 im, Set al. Developments in constructiescale additive manufacturing processAsitom. Constr21,262¢268 (2012).

47Pegna, J. Exploratory investigatiof solid freeform construction427¢437 (1997).

48 B. Khoshnevis, D. Hwang, K. Yao, Z. Yeh, -bed@ fabrication by contour crafting, International journal of Industrial and System
Engineering Vol 1 (no. 3) (2006) 8320

4 D-Shape Technology. Availakat: http://d-shape.com/whais-it/.

50 Freek Bos, Rob Wolfs, Zeeshan Ahmed & Theo Salet (2016) Additive manufacturing of concrete in construction: potenafiénged ch
of 3D concrete printing, Virtual and Physical Prototyping, 11:3,2280https://doi.org/10.1080/17452759.2016.1209867
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1 Pollution reductiorand consumption of natural goods.

91 Decreasing energy consumption and waste products obtained while manufacturing.

1 Decreasing of the manufacturing and production time, withmanufacturing processes
automation, obtaining by this way functional structurestar with a lower cost.

T 5SONBFaAy3a 2F fl 02dNBNRA& | OO0A®SYy G KIT I NRA

9 Total process control while manufacturing layer by layer any structure. Can be checked at
every second all variables of the constructive process.

Figure4.18: Examples of full scale builds from each processhépe, top left; Contour Crafting, right; Concrete
Printing, bottom left

4.6.1. Target Products

In the Constructiorsector there are a number &y innovative AM productsAsshownin Figure
4.19, fivemain product groupwhere identified The detailed list of products for each group is
reported inTable4.6.

Key Products

0

Figure4.19: Construction Key Product Groups
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Table4.6. CONSTRUCTIORNetailed list of key innovative products
Unconventional buildings

. » Mook ups and 1.1 profo fypes » Restourotion, local substifule elements
l’pmfnty pes, decora ‘_‘WE ﬁ » Sewage water trepiment cormponent combine with sooming
facades, art, design, « Ergorromics ard cuslomizations In « Restauration hstorical building detalls
heritage reconstruction) uncorvenional buiteings «  irtegroted focodes S insulation
= Procise precast with noe moulds = Structural component for freeform building
: = Mades (stecl) for steel frame works build = Relnforced # locally reinfarced structLres
Structural paris like 1% or site {potenbial) - Camplex joinls (hinges)
bridges, floors, walls « Bespole plastic fittings « Combined load bearing. piping, acoustics,
= Reinforeed "concrete” structures Insuiabicn, gesthelics and offer funclion
(pofantially build on site? Integration

shapes e.qg. for garden landscape, art

Low rish parts with complex - Low risk parts for .q. garden decoration,
and .!nndscupe decoration + Special elements (o close gops

Special buildings « Temporory emergency building tafter disaster)

farmy, nuclear disaster, « Quiick solutions in case of emergencies icracks # broken plpes < ele)
army buj[djﬂgsJ lupar base) » Customired components optimised for fempaorary needs

= Light weighting topalogical optimised organically = Paneis with infegrated functions

Organic shoped complex gsthetical shaped sfructural free form elements {thermal insulation, acoustic
(structural) parts with « Topologicatly optimized structures Insutertion, Wghiing, devlioht, ete)
: : = indoor partitions {walls, Rextbie rooms, ndoor = Kirermatic structures out of
integrated functmns enclosures, ete) with infegroted functionalities for flexible and s6F maleriols
termparary functions = Special solar elements

4.6.2. Regional Capabilities

In the process of emerging, the market of-Bbnted houses and buildings is facing key
technical challenge®A\M appearsin fact,to play a less dominant role in tliwnstruction sectorAs a
result, less than half of the regions work actively with AMhtealogy in their construction sector,
including AsturiasCastilla y Le6iGatalonisandBasque CountrgSpain) OccitanigFrance) Thiringen
(Germany)ynd Norte(Portugal)

Here below Figure4.20) is reported a map showing the national and regional activity (based
on number of projects) in th€onstructionsector.

As demonstrated by the chart, the sector has the lowest number of listed projects.
Furthermore, the fouas of the projects is more general and tackle overall processes and new materials
RSGSt2LIYSyild 6s22R:T O2yONBiS>: O2YLRaAlSazr SGiOxoo
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CONSTRUCTION Nationsl and Regional Projects

G
Metherlangs
N
Poland )

Swede

Figure4.20: CONSTRUCTIOMap of National and Regional Projects

The complete list ofiational and regiongbrojects divided by country can be found in ANNEX B

4.7.

Energy

Energy consumption is still growing worldwide and projected to increase further. Two thirds

of the worldwide energy development was generated by fossirses in 2010. The global turbine
market was valued at USD 135.68 hillion in 2013 and is expected to reach USD 191.87 hillion by 2020
at a CAGR of 4.89% from 2014 to Z02The Energy branch is focused on production of energy and

its transport and distribtion. The topic of energy storage is also being covered and seems to be
substantial for further development of the renewable energy system.

There are a number of key drivers for the energy sector for the adoption and development of

AM and hence potentiareas of impact. These include:

1

=A =4 =4 4 -4 -4 4

Energy usage (improved fuel efficiency)

Reductions of emissions

Complex parts

Life cycle cost

High performance materials

New opportunities for product development process e.g. validation in full scalainertests
Improvement of MRO (Maintenance, Repair and Overhaul)

Production costs

51 http://www.transparencymarketresearch.com/turbinemarket.html
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1 AM process efficiency

Reliable, efficient and clean fossil power systems needs innovative technologies. By using
innovative fossil power systems, scarce resources can be exploitechaitimum efficiency and fossil
power generation as environmentally friendly as possible. The development of AM processes in recent
years offers the opportunity to produce complex parts by AM with a high accuracy and improved
material properties for the usi power turbines

With the AM technology the repair and production of parts for industrial gas turbines can be
faster and with full freedom of design possibilities. Within the last years, AM has emerged and is
revolutionizing the manufacturing of compomis. This technology allows design improvement and
rapid manufacturing of components, thus enabling quick upgrading of existing assets to the latest part
design.

There is great potential for AM to create value by reducing greenhouse gas emissions, use less
resources in the production process, reducing the development time, offering flexibility for design of
parts, faster repairs, reduction of lead time and using new fuel mixes. Recently, a key development
was achieved with the production of additively maactured turbine blades with a conventional
design at full engine conditiofs standing extreme temperatures.

Figure4.21: A new SLM manufactured burner front consists of one component and two weldse(Sou
Siemens; «Gas Tbine World) and 3D printed Swirler (Source: Siemens)

While the nuclear sector is also developing Additive Manufacturing knowledge and
applications?, it is believed that theDil and Gafkenewable Energy industs will be the next big
adopters of AM technologies. Companies are actively exploring the use cases for both rapid
prototyping as well as field production of parfBhe possibility of printing metal components and
increasing opportunities for large print volumes is one of the devers®.

The freedom to design specific types of valves in shapes was never possible with traditional
molding techniques. For instance, intricate shapes, hollow structures, and woven meshes are able to
be realized in designs. Additionathanufacturingtime can besaved.

AM technologies are also gaining interest in teaewable energgector and in particular in
wind energy Major players in the wind industry are currently investigating how AM can contribute to
the development and manufacturing of wirtdrbine components®®. Similarly, the relatively new
sectoisof ocean energg NJ Gt 2 ¢ 37bduld Beneflt In thé future of progress in AM technologies.

52 http://www.energy.siemens.com/us/en/fossipower-generation/

58 https://3dprint.com/164121/siemengyasturbine-blades/

54 https://energy.gov/sites/prod/files/2016/05/f31/2016%20ADVARD%20METHODS%20FOR%20MANUFACTURING. pdf
55 https://www.smartechpublishing.com/reports/additivenanufacturingopportunities-in-oil-gasmarkets2016-a-ten-yearfor

56 http://www.windpowermonthly.com/article/1421837/additivemanufacturingwill-gamechanger#box

57 https://www.siemens.com/global/en/home/products/energy/renewabkenergy/hydrogersolutions.html
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Lux Research developed a methodology to score use cases for this industry based on the value
generded by printing them and their suitability for being printed. The analysis identified use cases
such as pipeline pigs and sand control screens as forthcoming and liner hanger spikes and drill bits as
high-potential applications. Profitable use cases ineld@D printing chemical injection stick tools and
nozzles for downhole cleanout toéts

4.7.1. Target Products

In the Energysector there are a number dfey innovative AM productsAsshownin Figure
4.22, eight main product group where identified The detailed list of products for each group is
reported inTable4.7

Figure4.22: Energy Key Product Groups

Table4.7: ENERGYDetailed list of key innovative products

} » Siatic Vanes » Burners
Turbines parts « Turhine Blodes irotating) « Swirls

+ Moczies
) « Chemicol injection Stick Tools « Push Bustion + Hedat Exchangers
Oil ard gas = Nozzies for Downhole Cleancut Tools = Propellers, impellers and pumps components
j'ndus:n,- pmducrg = Waolves = Connectors = Filters = Flow control parts Grcluding Submen Xmes lrew, vidvest
« Interfoce ports (T-condeclions) » SLEBEee prosessing eouiprrert
Renewable Energy = Solor Cells {including flms ard flexible M) = Windmill fowers
industry components « Solar thermal Plont towers lincluding Mirroes Frames) « Wind Turbine Blades

o Balteries dncluding micrabatleries)
Energy storage - Fuelcell
» Geothermal ping

Elect hanical & 3D 6 + Sansor system for temp;

= Visual analysing;

electronic cnmponents = Smart Conirol Devices
Floating Platforms + Anchors v Moaring
Components + Cannectians » Floots
Com:gptm Iﬂfrg' » Heaf exchangsr infeciion function integrafion
prototyping and design
= Repoir of complex or obsolete pards = Turbine blodes, vanes
Spare Parls & Repair = Burrer repair » Processing equismient
« Swlrler repir « Firy seals

58 http://www.luxresearchinc.com/content/assessimapportunity-additivemanufacturingoil-and-gasindustry
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4.7.2. Regional Capabilities

Europearcapabilities in the area of Additive Manufacturing for Energy are currently scattered,
and as for the construction sectomly a few of the regins categorise thenergy sector as dominant
for AM application.Almost the same list of regions indicate thhey apply AM in the energy sector,
includingAsturias, Castilla y Ledn, Cataloaiad Basque CountrySpain),Occitanieand Auvergne
Rhéne AlpegFrance) and hiringen(Germany).

Here below Figure4.23) is reported a map showing the national and regional activity (based
on number of projects) in th&nergysector, where Germany is the most active country in terms of
projects related to the Energy Sector.

ENERGY National and Regional Projects

o
eRium g

publc |

t 28

Crech R

Figure4.23: ENERGYMap of National and Regional Projects
The complete list ofiational and regiongbrojects divided by country can be found in ANNEX B
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5. AM-MOTION identified actions

The present chapter provides AMOTIONroadmaps onidentified actions to foster AM
development and market uptake. Such actions are divided into @otgg technological and non
technological ones, and actions segmented by sector.

For each identified a@ns, the relevance for thdifferent steps of the value chalmve been
emphasisedn the roadmapsThe actions are segmented into shtetm actions §uggested actions
to be started in20192021), medium term actions (2022024),long-term actions (20258028), in
order to deliver by 2030 the foreseen vision.

For sectorial roadmaps, each action is linked also to spéaifiet product groups, described
in Chapterd. Moreover, the type of foreseen activity has been highlighted, in line with H2020 topics:
research and innovation actions (RIA) are actions where the core of activities is in fact research an
development with target TRL in general up to 5; innovation actions (IA) are suggested topics which are
more focused on validation and demonstration activities, with target TRL ufyt@gordination and
support actions (CSA) are suggested topics réseihhanced coordination of research initiatives and
findingsrather than in research outputs

Details of each action in terms of identified gap with the description of the current context,
description of proposed activities, initial and target TRtesen impact in terms of key performance
indicatorsare reported inannex D

44



= /\M-motion

Becouse AM matters

Deliverable D54

5.1. CROSE&UTTING TECHNOLOGICAL actions

A number of technicadctions to solve crossectorial challengewere identifiedas reported in the roadmaps shown kigure5.1 and inFigure5.2,
focusing on sbrt term and on medium to long term, respectiveBuch actiongclude also standardisation and certificatioglated topics

Material Process Post-process Product End of Life

Modelling Design

Moving from production shape optimization based on simulations to 3D models '
for AM up to "automatic” modet-aided printing process

5 Advanced and novel technologies for multi-voxel printing
: and digital materials

e Design guidelines: need for AM
process-/ material-/ application-
specific guidelines

,’ """ Need for advanced in process monitoring and control and generation of process validation data (through :
for e.g. Artificial Vision, prediction models of microstructure control of parts during fabrication & supply

chain control)

E Lo L s : A S
.2 : i’;};&ﬁzg&g}iﬁf&on e : Hybrid Manufacturing & innovative
S s i ; : strategies to reduce post processmg
3 1 steps/activities )
T
w0 o Develop procedures and methods for qualification and promoting certification of AM products

' Role of AM in circular economy/circularity for material resources: need for recycling parts made with AM and for using recycled materials to produce !

AM components./products

Availability of high quality, enviromentally friendly and
cost-effective materials

Figure5.1 AM-MOTION Roadmap on cremstting technical actios(shortterm focus)
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Modelling Design Material Process Post-process Product End of Life

@ Quality management systems: need for definition of key quality affecting parameters for various AM systems& applications

E Integrating AM technologies into existing industrial
C processes/chains

fueled by smart materials and multi-material /digital
printing

@ Convergence among Artificial Intelligence, Robotics, Sensing Technologies and 3D Printing

Development of improved heat or
light sources for AM manufacturing
equipment

@ Convergence between Virtual Reality and AM

Figure5.2: AM-MOTION Roadmap on cresstting technical actios(medium and londerm focus)

@ Research and demonstration of 4D Printing technologies
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5.2. CROSEUTTINGIONTECHNOLOGICAL actions

A number ofcrosscutting nontechnicalactionswere identifiedas reported in theoadmapshown inFgure5.3. Such actions cover different topics such
safety, communication, education and trainifgisiness models, IPR and financing issues.

Modelling Design Material Process Post-process Product End of Life

o Promoting effective communication of AM technologies for high applications and impact

....................................................................................................................................................................................

Develop AM specific educational and training modules both through linking with “regular” high education curricula (engineering, business schools)
and training on the job approaches

: models

_________________________________________________

1 Safety issues on AM: need for safety assessment, safety management and guidelines and education on
: EHS challenges

o Promoting crowdsourcing solutions for design and manufacturing

G Development of a European network system for AM education and training

Long term Medium Term

Fgure5.3: AM-MOTION Roadmap on cresstting nontechnical actions
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5.3. HEALTH gaps and actions

Health-specific actionsvere identifiedas reported in the roadmaghown inFigure5.4. Key actions details (type of activity, initial and target TRL, related
target product groups) are reported ifiable5.1. The roadmap reports only the key target products linked to each specific action, whilst the table list all the

relevant target products.

Modelling Design . Material . Process . Post-process . Product . End oflLife

: @ Modelling methods for interaction

: between materials & living tissue & | .

: design software for AM product e Q

....... customization & data management . =
: g Novel biomaterials suitable for AM with focus on material @
variety and large production at lower costs Q
____________________________________________________________________________ 3 =

: @@ Validation of mechanical and biocompatibility properties | )
: of 3D printed biomedical devices ]

Viable processes for fabrication of 'smart scaffolds’ and for construction of 3D
biological and tissue models

Modelling methods and digital twin technologies for customized implants and
medical devices and prediction of long-term clinical performance

Smart and multi-material products with improved functionalities focusing on
assistive and prosthetic devices

Integration of life cycle approach in the health sector: AM pilots operating with closed loop recycling,
reuse of precious materials, use of sustainable materials (incl. bio-based).

0 Biological structures development for drug testing

Medium Term

@ Novel exoskeletons developed by additive manufacturing

e Organ Bioprinting

Studying and modelling the whole
body and its evolution over time,
supported by 3D imaging and 3D
prototyping, for optimized prostheses

Long term

Figure5.4 AM-MOTION Health Roadmap
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Table5.1 AM-MOTION Health actions details

Modelling methods for interaction between materials & living tssue and Design Software for AM
product customization and dafa management

-----------------------------------------------------------------------------------------------------
.....................................................................................................

6 Modelling methods and digital bwin techrologies for custormised implants and medical dewices and
predictian of lang-term clinical performance

i 3 Integration of life eyele approach in the health sector AM pilats operating with elesed loop recyeling,
reuse of precious materials, use of sustainable materials fincluding bio-based ones)

Studying and modelling the whole body and ils evolulbion over time, supported by 30 imaging and
30 prototyping, for optimized prostheses

TRL Target Products

Tivpe of Activity
Target TRL
Producis
Other Customised
Producis
Products

Initicl TRL
Asslstive and
FProsthelic Devices
Tools & Models
Other Dental
Living Tissues

Surgical Guides,

FPharmaceuticals

PRIy ® @
B e g A P
mree U 0e
mizziesi Q@ | 9@
miies @0 00 O
[ H K H I
w0
L I
maizsiesi Lo i@
iz 000 | 00
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5.4. AEROSPACE gaps and actions

Aerospacespecific actionsvere identifiedas reported in the roadmap shownkiigure5.4 AM-MOTION Health Roadmalpigureb.5 . Key actions details
(type of activity, initial and target TRL, relatedgat product groups) are reported ifable5.2.

Modelling Design Material Process Post-process Product End of Life
gy Develop or optimize modelling tools © oo
for process, material and topology Quality and consistency of powder Ve %
optimlzatton b G Y o p <
et i ossssssssssassssssssss WA )
o O Croraion e N stanaiemaerans 1 G
@\@ @ : pbl f [\ ] processes & related b,
<% : assenlv Vo s B characterisation in the field of o
| e epas g multi-functional materials, multi- 1"
rl?ug o AM E : materials and materials with
o ggs'g;lze L | highly improved functionality for

aerospace applications

e 1 Develop processes and tools to manage graded materials, overcoming the . o
need of joining/welding {

: Improved process with control mechanisms for improved repeatability,
reproducibility and performance of AM processes

______________________________________________________________________________________________________

Research on material characterization focusing on
................................................... : dynamic properties and residual stresses
: 0 Design strategies for the i
; development of complex shaped i ! Increased automation |
: structures (e.g. Lattice structures) E @ of repair processes :

through integration of {1 g Develop NDT and |
AM and robotics ] e ]

g 4 | inspection criteria |
e e R (for Aerospace
: Improved process control and reproducibility of nozzle- ! applications) and |

o : based AM techniques ; : procedures forAM

Develop materials and surface finishing processes for improved surface quality of
AM products

Figure5.5: AM-MOTION Aerospace Roadmap
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Table5.2: AM-MOTION Aerospace actions details

Target Products

advanced moulds
Embedded
electronics

Niche, low

volume parts

Action Name

and fusetage

Spare parts
& repair

Components of
large alrcraft wings

prototyping a

Concept modelll

1 Develop or optimize modelling tools for process, material and topology optimization RIA | -6

~N
@
@

Type of Activity
Initial TRL
Target TRL
Turbine Parts,
Engine
Small alrcraft wings
& fusetage and
their components
Cabin &
Cockpit parts
. Other
omplex pa

3
.

4 New sustainable materials and processes and related characterisation in the field of multi-functional - A :46: 7
materials, multi-materials and materiats with highly improved functionality for aerospace applications - ’ .
b

g Improved process with control mechanisms for improved repeatability, reproducibility and performance : " 46 7 B R BB BB O ® . )
of AM processes : 7 i
------------------------------------------------------------------------------------ gesssagesssasnencnsn qessass

7 Research on material characterization focusing on dynamic properties and residual stresses ‘RIA: 45 6 | :
8 Design strategies for the development of complex shaped structures (e.g. Lattice structures) IA ' 5-6 7 :
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""" !"“‘1""‘5’"""\ R
9 Increased automation of repair processes through integration of AM and robotics 1A 5-6 ; 7 : E ‘
10 Improved process control and reproducibility of nozzle-based AM techniques RIA:4-5: 6 ‘
----------------------------------------------------------------------------------------------------- R SRR CEPEE AEERETE
11 Develop materials and surface finishing processes for improved surface quality of AM products 1A 6 , 7 f f
A . iCSA: g ! 5 ;
12 Develop NDT and inspection criteria (for Aerospace applications) and procedures for AM STA 7 :

ceeccsedecee

receede

13 Production of larger airframe structures through AM technologies ‘RIA: 3-4
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5.5. AUTOMOTIVE gaps and actions

Automotive-specific actionsvere identifiedas reported in the roadmap shown kigure5.6 . Key actions details (type of activity, initial and target TRL,
related target product groups) are reported Tableb.3.

Modelling Design Material Process Post-process Product End of Life
! g improved modeliing tools for : %0
: materials processing : X
Quality and consistency of powder |
5 production :
: g2y Increased process reliability and stability through in line control system, §
: monitoring, automation and standardization |
i Innovative solutions for higher production rates and
: cheaper systems ;
. Best practices, standardization, design and machine improvements towards
; increasing reproducibility of 3D printed automotive parts ]
: Design strategies for the e
g;zzﬁprge(ggoizgg::@lizzf;?ﬂzg) % Development and demonstrate strategies for cost-effective |
k- T : ; printing assemblies in one step ]

Obtaining industriatly relevant larger certified build
] envelopes :

Development, optimization and
validation of hybrid manufacturing

Characterization of the behaviour of AM components in large assemblies and of |
: large assemblies |

Figure5.6: AM-MOTION Automotive Roadmap
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Table5.3: AM-MOTIONAutomotiveactions details

Target Products

2
=
ki
<
)
(=

Engine
Components

Action Name

Iriticl TRL
Target TRL
Embedded
Electronics

Concept modelling,
Niche, low
volume parts

protofyping & design

Auxiliary means of
production & support:

Improved modelling tools for materials processing : : : : ' : : i
= miesic @0 000 e
----------------------------------------------------------------------------------------------------- T Rt RenEh ST T TR Th
2 Ouality and consistency of powder production CJA (56 7 ! . : . ;
Increased process reliability and stability through in line control system, monitoring. automation ' ' & ‘ : ' :
3 and standardization : 14 ' ' 7 : . ' ‘ '
""""""""""""""""""""""""""""""""""""""""""""""""""""""" b B T R e B
4 Innovative solutions for higher production rotes and cheaper systems 1A (4-5: 6 ‘ : . :
" Bestpractices, standardization, design and machine improvements towards increasing A e, . ] . Yy Yl
reproducibility of 20 printed automotive parts :CSA . : ; : '
"""""""""""""""""""""""""""""""""""""""""""""""""""""" B T e T e el
& Design strategies for the development of complex shaped structures fe.g. Lotfice structures) : 1A : 5-6 : i E ' E ' . '

7 Development and demonstrate strategles for cost-effective printing assembilies fn one step A 6 7 . . ‘ . ‘ . ‘
..................................................................................................... S A S i R
8 Obtaining industrially relevant lorger certified build envelopes ‘: C-}quﬂ-: 5- [ _: -; ‘ ; . ; ‘ ;. ! .

g Development, aptimization and validation of hybrid manufacturing ‘RIA: 4-5: 6 . . : . ; . . . . .
..................................................................................................... R JRp P S S i s

10 Characterization of the behavior of AM components in large assemblies and of large assemblies : 1A : 5-6 : 7 : ‘ : : : . .
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5.6. CONSUMER and ELECTRONICS gaps and actions

Consumer and electroniespecific actionsvere identifiedas reported in the roadmap shown kigure5.7 . Key actions details (type of activity, initial
and target TRL, related target product groups) are reportetainle5.4.

Convergence among custom design , electronics, smart/4D printing materials &
artificial intelligence enabling better control of AM processes & quality and
reliability of customized products

Materials development targeting
multi-material parts (including
multi-material electronics)

Short term

o Innovating strategies to improve aesthetics and surface
quality and facilitate or even avoid post-processing steps

fe.g. through continuous processes without layering)}

Predictive, self-learning and holistic
multi-physical modelling iy o
approaches for modelling AM A %
processes leading to increased

roduct functionalit i
product functi AU Improving process sustainability through flexible and hybrid manufacturing and
industry 4.0 approaches
e 3D capturing technologies “ {Q @@ig ; '

Figure5.7: AM-MOTION Consumer and Electronics Roadmap

Medium Term
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