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Executive Summary

In 2017, theAdditive Manufacturing (AMindustry, consisting of all AM products and services
worldwide, grew 21% to $7.336 billiband itis poised to growp to $21.50 billion by 2025 AM may
play a pivotal role in changing the manufacturing paradigm emtributing to address the societal
challenges of our timesuch as lgbal warming, energy transition, population ageing and decreasing
resources.

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

Figire below summarises AMMOTION Vision for AM in 2030, including the envisaged
opportunities and challengeas well as thareas of intervention whictare covered by the roadmag.e.
technologies, standardisation, certification, skills and education, financing, intellectual properties, safety,
communication, crossegional and international cooperation).

~

-
OPPORTUNITIES

Addressing specific patient-needs, bioprinting =« «»

O T

Automation, digital twins & 4D printing - @ Industry 4.0 . asilifte ..
Printing robots, real-time control 7 e @ AN .
& predictive maintenance o O Artificial Intelligence in AM
c ion & h pproach '->g Better Quality of Life & Inclusive Societies
ility in AM & “'6 Circular Economy & Better Environment Industrial

Equipment & Tooling

Skilled jobs, increased employment I 48 e I
& entrepreneurship ” 0 Knowlsdge:based Economy, % 4
. Health VISION
L Affordable solutions for energy e o Green Mobility & Low Carbon Economy J & Wellbeing .,' EER 26056 Construction E
: : Y — : H
/AM-motion ROADMAP Safety Standardisation 5 European INDUSTRIAL '
ils & Ed ot ) 9 LEADERSHIP
& Technologies Skills & Education Financing (& Intellectual Property in Additive Manufacturing
Certification [ f Communication Cross-regional & int. cooperation with high SOCIAL,
: ENVIROMENTAL and C coot
4 9 ECONOMIC impact in onsumer Goods } :
CcH ENGE 4 Energy *. .-"  &Electronics
ALL S B o TARGET SECTORS .-~ 3
ONEITE oSt |
% : & b . p < "
faster & c P 1 and cyber B @ B Atormotive :
[3 INDUSTRIAL ACCESS: to technology at lower cost, in particular for SMEs ‘- ‘ ;4 .
b, Aerospace @ P
@ STANDARDISATION: industry and user engagement and certification e e @ e e
O EDUCATION & TRAINING: Ipprop: for regular and training on the job o e _add :
@ BUSINESS: new and successful business models :
m ensure protection and market opportunities
OEIIEIEED  cvermndcos ottt
.

AM-MOTION Vision

Based on the identified chaltges and opportunitieghe current draft AM-MOTION roadmap
proposeduture actions for the AM development and successful market uptake in target sectors:

Wohlers, T. &. (2018yVohlers ReportColorado: Wohlers Associates Inc.
2 Frost &Sullivan's Global 360° Research Team (May 2@6dal Additive Manufacturing Market, Forecast to 202®st & Sullivan, Mountain
View, California
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Health;

Aerospace;

Automotive;

Consumer goods and Electronics;
Industrial equipment and Tooling;
Construction;

Energy.

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

The roadmap includes also cremgting actions (technical and nerchnical), covering several
sectors.

AM-MOTIONoadmap may be seen as an evolutiorF@fFAMRoadmapwhichhas beerfurther
developedand expanded in ANMMIOTION projecinvolving around 130 external experts through physical
meetings and remote surveys.

The full draft Roadmap will be publicly available at the end of July 26018ugustSeptember
2018 the whole community will be askedparticipate online to a public consultation.

The revision of the roadmap will lead to the release of Emeal AMMOTION Roadmapto be
LINE & S y AMER2018 iAdditive Manufacturing European Foréi(Brussels, 224 October2018).

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

The presat document constitutes Deliverable [35n the framework of the AMMotion project
G! aGNIGSAAO FLIWNRFOK G2 AYyONBFaiAy3a 9dz2NRLISQa gl f d
FYR OFLI 0oAf AGASaM-motion;NIBrEr&cONo.: 7285RMI lyis2rapyrt id the result of
FOGABAGASE LISNF2NX¥SR gAGKAY GKS FNIYSg2N] 2F 22N
specifically on Task3 6Roadmap Developmefit f SRRNA® Bask5.3 (M13-M24) is focused orthe
development and release of th&M-MOTION EuropeanResearch and InnovatiorRoadmap 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 andeg&ihologies is that parts produced
via AM are created by the consecutive addition of liquids, sheet or poyddmaterials in layers, instead
of removing material to generate a desired shape which is common to traditional technologies such as
milling or drilling.Additive Manufacturing hasnany common names, involving rapid manufacturing,
direct manufacturing3D-printing, rapid tooling and rapid prototypintn line with previous studiéswe
considerAM as the umbrella term for additive technologiéise terms direct manufacturing, rapid tooling
and rapid prototyping refer to the application of AM.

The overallaim of AMMMOTION roadmajisto 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 betweanutirent status and the target
vision.

The nadmapmethodologyused to build the roadmajs presented irfChapter 2 The roadmap is
an evolution of the recent FOFAMM Roadmapgextensivelyrevised and further developeith terms of
sectors, products and idgified gaps and actions and related contemith the help ofexternal experts
(in technical and nottechnical aspecls Chapter 3presents thevision of the roadmap including
opportunitiesand challengeforeseenfor the successful market uptake of AM.

Chapter 4describes thdarget sectorsaddressed by the roadmap. After a general description of
each sectortarget product groupgand examples of specific products) and tegional capabilitiesare
presented by sector, including also maps of regiona aational AM projectsDetails of European,
national and regional projects are reportedannex A and BrespectivelyInformation onkey enablers
(i.e. AM actors) are reported @nnex C

Chapter 5reports theidentified actions for future research anthnovation activities dividing
them between technical and netechnical actionsin turn, technical actions arsegmented incross
cutting (i.e. relevant for more/all sectors) and sectorial onestails of each actioin terms of identified
gap with thedescription of the current context, description of proposed activities, initial and target TRL
etc. are reported irannexD.

Chapter 6 describes theimpact of the identified actions, considering the results of semi
guantitative estimation with selected key impact indicators performed by the experts in workshops and
surveysTheconclusion(Chapter J summarises the key results of this Draft Roadmap andhéxtplans
for the release of thefinal Roadmap (October 2038which will be a revision of the present document
and will include also model for business collaboration (as resulting from WP4 activity).

4 Prof. Dr=Ing. Jirgen Gausemeier . Thinking ahiedFuture of Additive ManufacturingExploring the Research Landscape.
Heinz Nixdorf Institute, University of PaderbayPaderborn 2013.
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2. Roadmapping methodology

The roadmapping activity performed to develop t&1-MOTION EuropearResearch and
Innovation Roadmapis a method to produce strategic plans and ideas for future successful development
of AM- based products relevarimh particularfor the identified sectors
Health;

Aerospace

Automotive

Consumer goodand Electronics;
Industrial equipmentnd Tooling;
Construction;

1 Energy.

=A =4 =4 4 -4 4

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

2.1. Background: the FOFAM experience

AM-MOTIONroadmapping approeh is built on the experienche strategic resarch agendas
developedo @8 (G KS 9 dzNR LISy ¢ S OKWRaticdnd andtheimetiibdobdyddevetoged! a d
under thepreviousEFOFAM CS&0152017,grant agreement 1636882).FOFAMAM roadmap focused
onfive sectors (i.e. those addressed by the present roadmap except energy and construdeonifying
technicaland nontechnical actions to be performed at short, medium or long term in order to achieve
the final target, i.e. the commercialisation AM machinesproductsand related services

The sectors and market addressed in FOFAM roadmap were selected togétheexternal
experts (workshop September 2015), according to the FOFAM project need to be relevant to the-techno
logical advancements across Europe and their potential to positively influence societal and economic
challenges. These sectors were also fheus of a number of relevant documents i.e. ti&European
Additive Manufacturing Strategic Research AgéRhdavhich highlights priority areas for future
development in AM.

For each of selected sectorsyaue chain (VC) approaatas followed to find tle gaps preventing
complete 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 roadap for gap analysis are shownHRigure2.1

5 www.rm-platform.com/linkdoc/AM SRAFebruary 2014.pdf
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PROCESS PRODUCT
MODELLING DESIGN MATERIALS (Incl. ICT, (incl. QA and
EQUIPMENT) EROCESSING Testing)

L 2 2 2 2 2

Figure2.1: Steps of AM value chain in FOFAM andM®TION roadmaps

The actions proposed are classified in crosiing actions relevant to all sectorial value chains,
responding both to technological and néechnological gaps and actions specific to a particular value
chain. The timeline for the proposed actions wasalsdicated considering sheterm (20172020),
medium term (202Q2025) andlongterm actions (beyond 2029)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 technology, as shown ifTable2-1.

Table2-1 Description of Technology Readiness Levels (TRL)
TRL Description

1 Basicprinciples 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 technologies(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 FOFAMlIlans for future actions for each sector were developed as showigire2.2 , which
present the example of the heath sector.

6 http://ec.europa.eu/research/patrticipants/data/ref/h2020/wp/2014 2015/annexes/h20&@1415annexg-
trl_en.pdf
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SHORT TERM MEDIUM TERM LONGTERM

( Bio-AM modelling development J

customised implants and
medicsl devices

Modelling methods for J

Lack of understanding of how
implants perform after surgery

biocormpatible materials

thermal proper ties of existing

[ Development of lower cost ]
’ materials

Validation of mechanicsl snd ]

of "smart scaffolds’ and for
construction of 30 biological
and tissue models

Viable processes for fabrication J

Product with improved Bidlogical structures
functionality developrment for drug testing

and waste todetermine life

Assessment of recycling, reuse
cycle costs

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

2.2. AM-MOTIONroadmapping approach andevelopmentsteps

AM-MOTION Roadmagtarts from the main funding of the FOFAM Roadmap, further developed
and expanded by means of combination of desk research (integrating the results of key initiative$ in AM
and working group sessions. In particular, MDTION roadmap has adopted the saiwialue Chain
approachof FOFAM, and it focuses @rsectors considering sectorial and cresstting actions to solve
current gaps, both technical and néechnical ones. In addition to FOFAM, /AAdadmap starts from a
VISION for European AM in 203@lentifying key challenges and opportunities for successful market
uptake of AM productsin this framework, ér each sectordarget product groupshave beeridentified
and linked with specific future actions aimed at solving current gaps. The roadmap ineluesi
guantitativeimpact assessmentf the identified actions, considering economic, social and environmental
key impact indicators (KPIs). The roadmap integrateM®TION findings in terms odgional capabilities
in AM (maps of regional and national gjects by sector) and suggestions @ossible business
collaboration models

The core AMMotion roadmapping and networking activitwas performed by the whole
consortium and through the interaction between 5 Expert groups formed by selected experterermdif
technological and notechnological areaand chaired by project partnergvolvingoverall100experts

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

7 E.g. The 3D printing Pilot of the Vanguard Initiatikigp(//www.s3vanguardinitiative.eu/cooperations/higperformance
productionthrough-3d-printing); ECRepor@ ! { a9 ¢ SY RS NJ & L R $ure appliation Aread, dzbishidg yidustrialy” R
value chains and missing competences in the EU, in the area of additive manufactushdN@Dy (i A y ;A loyd Registarm ¢ d
Foundation. Roadmap for additive manufacturing. 2017.

10
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1 Materials & process EWG: Main players framdustry and RTDs working on material
development/production for AM and process development, including machine builders, software
developers, posprocessing experts.

1 Nontechnological aspects EWG: experts working on rechnological aspects such as
starndardisation, IPRs or education.

1 Regional Development EWG: representing the regions witldateand/or capabilities on AM.

1 Financial EWG: Financial experts and investors.

AMMOLON  pOADMAPPING APPROACH

il

ST PN e First Expert Session
Revision of FOFAM gaps and

actions and links to target 18 October 2017 Links between AM projects
products AM-MOTION target & sectors

(September-October 2017) products. Gap and action
X J revision

Online Survey April 2018 =:
Second Expert Workshop lRoadmap Vision & schemes

AM Project Workshop

Integration of the AM- 15 November 2017
MOTION work on regional Comprehensive draft of
capabilities and other non- gaps and actions for cross-

regional 2 and impact technical issues cutting and non-tech
AN

16 May 2018
Focuse ncial and

Final Road
First Draft AM Roadmap s sraldon s

July 2018

online survey and
conference October 2018

Final validation with open
August-September 2018

Figure2.3: AM-MOTIONRoadmapping steps

TheFigure2.3 summarises the main ANMIOTION roadmapping steps, from the revision of FOFAM
gaps to the release of and actions to the release ofpfesent draft AM Roadmap up to the final rate
in October 2018. Detailed results of expert sessions are reportddliverabledD5.1 and D5.2.

11
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3. AM-MOTIONVision

Global warming, energy transition, population ageing and decreasing resoupcesent us wh
immense challenges. In order to deal with these, we need fresh approaches, technological advances and
clear implementation strategiesn this framework Additive Manufacturingnay play a pivotal role in
charging the manufacturing paradigm and contrimg to address the societal challenges of our tifar.
example, lightweight production and functional complex@gabled by AM technologiesan helpto
reduce the consumption of resources for the process and the product itself, streamline manufacturing
processeandmakemore sustainablgroducts.

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

Figure3.1 summarises AMMOTION Vision for AM in 2030, including the envisagmgabrtunities
and challengess well as thareas of intervention which are covered bthe roadmap(i.e.technologies,
standardisation, certification, skills and education, financing, intellectual properties, safety,
communication, crossegional and international cooperation).

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

1 Additive Manufacturing is one of thpillars of the Fourth Industrial Revolutiorfalso known as
Industry 4.0, which is a transformation that makes it possible to gather and amalata across
machines thus eabling faster, more flexible, and more efficient processes to produce hignaity
goods at reduced costs with greater agifityn particulay AM can highly contribute to Industry 4.0
approaches by increasingrocessautomation and the intrinsic digital core of AM manufacturing
technologies make them relatively easy to use effectidéjtal twinapproache$ Theapplication of
digital twinin AMenabled value chainsan allow companies to have a complete digital footprint of
their products from design and development through the end of the product life cybke.digital
twin mayhelpto solve physical issues faster by detecting them sooner, predict outcomes to a much
higher degree of accuracy, design and build better produmts], ultimately, better serve their
customersFinally, AM approaches includes recent breakthrough#afinting, which is a mean to
enable smart and Internet of Things® functionalities in AM products.In fact, 4D Printing ia
combination of 3D printig 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

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

9 The digital twin is a neareaktime digital image o& physical object or process that helps optimize business performance. From
https://www?2.deloitte.com/insights/us/en/focus/industry-0/digital-twin-technologysmartfactory.html

10 The Internet of Things (IoT) is the network of physical devices, vehicles, home appliances, and other items embedded with
electronics, software, sensors, actuators, and connectivity, which enables these tihiogsnect and exchange data, creating
opportunities for more direct integration of the physical world into compdbesed systems, resulting in efficiency
improvements, economic benefits, and reduced human exertions. More info on: Internet of ThirgggeSEiction or Business

Fact?" Harvard Business Review. November 2014.

12
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while adapting to its surroundings. This allows riggisteredselfassembly, multfunctionality, and
selfrepairandsensoring capabilities

9 BringingArtificial Intelligenceto the world of AM canlead to faster and more precise processes, by
giving smart advice on the choices to make, both in terms of design, of materials and of technologies
especially in presence afontrol and monitoring systesYincluding in line and redime ones)and
predictive_maintenanceapproachesWhen coupled withrobotic armsfor printing large/complex
shapes, artificial intelligence algorithms enable machinede,create, and even learn from their
mistakesduring the printing process, thus being ableptmducecomplex, large and precigmtterns
without sacrificing speed, as recently showcased by the compaByild™.

9 Highdegree of productustomisation and humanentred approactoffered by AM will contribute to
improve thequality of life, with affordable and high quality products built based on customer needs,
and also potentially address specific needs of ghewing elderly populatiomr of the people with
physical impairments, thus building moriaclusive societiesCocreation approaches, involving
researchers, industrial endsers and final customers in the design procegd contribute to EC
strategies towardsnoreinclusive and Responsible Research anddvation (RRI).

1 AMmay play a lead rolim the Grcular Economyfor example by producing high addedlue products
from recycled or bidbased 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 whole value
chain and in particular in manufacturing and transportation, thus contributing tethéronment.

1 AM presents transformative potential maradturing methods in the health sector being able to
provide patient-specific solutions(e.g. from smart wheelchairs to orthopaedic implants), thus
enablingPersonalised Medicin@pproaches, which in the medium term can digordable for most
of the population The advent ofBioprinting?, with its ability to create complex geometries and
microarchitectures that mimic tissue complexity, can offer innovative solutiotise field of tissue
engineering (i.e. printing biological tissues and potentially even ojgdéms patientspecific
regenerative medicine and drug testing.

1 AM full market deployment will offenew_employment and investment opportunitiéa several
sectors enablingndustries (including SMEs®) compete in highly aggressive and complex commercial
environments. Furthermore, the new knowledge gairedath multidisciplinary and muksectorial
domainwill contribute to theimprovement of workforce skills and educatimEuropearkKnowledge
based economyi.e.increasingly based on knowledge and infatian sharing.

1 Finally, AM technologies can contribute to the availabilitioat cost of highly efficient green energy
solutions(e.g. renewable energy componergrad energy storage solutions), thus contributing to the
EC2050Low Carbon Economigoadmap?, as well as to EC plans feustainable transportatiof’.

11 https://www.digitaltrends.com/cooltech/ai-build-wantsto-changethe-way-we-build-the-future/
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13 https://ec.europa.eu/clima/policies/strategies/2050 en

14 https://ec.europa.eu/transport/themes/sustainable _en

w»
(@]
P
<

13


https://en.oxforddictionaries.com/definition/bioprinting
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