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1/ Executive Summary?!

1.1 Objectives and approach of this study

Additive Manufacturing (AM) or 3D-Printing consists in the “process of joining materials to make objects from 3D
mode/ data, usually layer upon layer, as opposed to subtractive manufacturing methodologies’. 1t is a technology
that falls under the category of Advanced Manufacturing Technologies?. It is therefore part of the group of Key
Enablling Technologies which are crucial for the industrial renewal of Europe. This report synthesizes the results of
a study aimed at:
1) Identifying key current and emerging (including future) application areas in the field of AM;
2) Reconstructing the underlying value chains at the regional level by identifying and positioning relevant
European players;
3) Identifying missing competences with regard to applications with a promising potential as well as
collaboration opportunities to overcome the current and upcoming barriers to AM deployment in
their respect.

This research was led by an international research consortium under the coordination of IDEA Consult. The research
team called upon a broad range of research techniques, including:

1. Areview of the literature based on the desk research

2. Quantitative analyses which covered:
a. Patent data analysis;
b. Analysis of FP-funded projects;
c. Bibliometric analysis;
d. Resulting Sectors-Applications Matrix.

3. Application-driven case studies oriented toward the analysis of 10 main Additive Manufacturing value chain

which covered:

(1) Surgical planning
(2) Plastic-based car interior components
(3) Metallic structural parts for airplane
(4) Inert and hard implants
(5) Metal AM for injection Molding
(6) Spare parts for machines
(7) Lighting and other home decoration products
(8) 3D-printed textiles
(9) Affordable houses
(10) 3D-printed confectionery

1.2 Current and emerging AM value chains in Europe: an overview

A number of AM technologies are available on the market which can call upon a broad range of materials, from
powders and fused plastics to metal wires and living cells. Each of the technologies available aims at manufacturing
parts and products layer by layer, a process that is usually referred to as “printing’. Printing parts can lead to a
number of technical and economic advantages that can benefit European companies in all manufacturing sectors.

The present report shows that European regions are among world-wide leaders in specific Additive Manufacturing
fields such as metal AM and perform well for instance in areas related to selective laser melting or biomedical AM
research. Current application areas could be identified, among which 10 were analysed from a value chain
perspective. These present three main levels of maturity, ranging from the most mature AM areas to the
intermediary areas and less mature and emerging areas. They also face strong competition from North
America and South-East Asia. Key emerging and future application areas were also identified in the context
of this project and are presented for each value chain under study in Table 1.

Overall, none of the value chains analysed in the context of this study was disrupted yet by the adoption and
deployment of AM. Some first signals of value chain contraction (the replacement or elimination of specific value
chain segments due to the deployment of AM) could however be observed, as well as the integration of new
players. AM is however still at an early stage in most application areas (such as for the 3D-printing of food) and
key developments are steered by large Original Equipment Providers (OEMs), integrators and Research and
Technology Organisations (RTOs). SMEs are the ones facing most challenges due to their limited capabilities.
Mechanisms and key features of the bargaining power of the actors involved in the 10 application-driven value
chains could be identified during this study, including the role and strategies of international printer manufacturers
who constitute a bottleneck along most and across value chains.

! CREDIT: The picture used for the cover page of the core report is issued from http://www.extremetech.com/extreme/143552-
3d-printing-with-metal-the-final-frontier-of-additive-manufacturing

2 See also http://www.astm.org/FULL TEXT/F2792/HTML/F2792.htm

3 See https://ec.europa.eu/growth/tools-databases/regional-innovation-monitor/link/european-task-force-advanced-

manufacturing
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Table 1: Emerging and future AM areas - An overview derived from the application-driven case studies

Application

Emerging and future AM areas per value chain

Surgical Planning: Soft and flexible materials. Currently surgical planning is still mainly focused on hard tissue in the body. A large part of the body consists of
soft tissue though. The materials for e.g. cardiovascular and gastrointestinal models requires elastic properties from the material. There is still a lot of potential in
modelling and simulation for surgery. Very important is the identification of the problem and the quantification of the problem (diagnostic purposes). 3D-print
enabled surgical planning services (induced by the availability of AM models and surgical tools/guides and the need for software and specialist service providers.

Plastic-based car interior components: Printing of lightweight and/or complex parts; Composite materials for car interior component printing; Hybrid
printing methods; Customized 3D-Printed cars and related business models (such as in the case of LocalMotors); Decentralised and on-site production of parts (at
dealership, etc.); Printing of large components; Full production scale printing of car components; Full car printing; Multi-material and multi-color printing; Integration
of components through AM.

Metallic structural parts for airplane: 3D-Printing of large components and structures (aircraft wings and fuselage are current targets); Wire-based printing of
metallic structural parts, which is currently at a demonstration stage; In the longer run, some see the printing of entire airplane structures as a possible (though still
speculative) future area; Maintenance, Repair and Overhaul (MRO) and on-site production of (spare) parts for aircrafts; AM of small critical components and
mechanically loaded parts; Use of composite materials in the printing of structural components; Development of proper monitoring and control mechanisms.

Inert and hard implants: Bio-degradable material (in the next 5 years); 3D-printing of drug (in the next 5 years); Bio-printing (20 years or more).

Metal AM for injection molding: AM for thermo-plastics injection molding; AM for injection molding in specific mass production sectors such as automotive
(thermal exchangers, light components, and new solutions for gearbox) and packaging (bottle caps, etc.); Hybrid systems to 3D-print injection molds; Pre-series
production; Prototype molds printing; Full development of digital solutions; Multi-material molds.

Spare parts for machines: Maintenance, repair and overhaul (MRO); Distributed manufacturing and on-site printing of spare parts for machines (business model
evolution); Non-strucural machine parts - which are not subject to guarantee issues; Spare parts for machines used in mass production sectors (automotive,
packaging, etc.); On-demand (platform-based or through hubs) printing of spare parts for machines; Design selling (instead of parts).

Lighting and other home decoration products: 4D printing, which will be delivering definable and varying material qualities, including electronic qualities,
within one printed object, will open potential application fields for consumer products, especially for lighting products; Specific and various material qualities will be
possible within one printed object, including electric conductivity.

3D-printed textiles: New technologies and combination of printing materials, as well as input from other printing techniques, such as ink-jet printing, help to
develop new applications thus leading to new and fast developments of 3D-printing technologies; Leight weight constructions; Smart Textiles (Electronics).

Affordable houses: Printing entire buildings requires new AM solutions. One key solution offered is the use of very large printers that do either produce large
pieces that can be assembled into bigger structures or come up with entire units such as rooms or houses. Another alternative and more flexible solution - the
combination of robotics and AM technology - comes into play when the pieces are bigger than the printers; Online applications will appear where clients can
customize their houses. New business model could appear where people can order new doors or new colors for their house even by paying monthly fees or
membership money (e.g. Spotify); Temporary buildings like pavilions for festivals that only stand for a few days/weeks - or shelter in disaster areas.

3D-printed confectionery: Personalised food (like adding proteins, vitamins etc) for special nutritional and dietary needs (e.g. people suffering from illnesses,
elderly, health consious consumers); Substitute and alternative food materials (e.g. using insects as source of protein, 'meat' like vegan products); Emerging service
innovations (e.g. new ways of serving food that create socio-technical change).
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1.3 European regional AM capabilities and collaboration opportunities

Current European capabilities in the field of AM were mapped at the regional level in order to identify missing
capabilities and cross-regional collaboration opportunities. The starting point for analyzing existing AM
capabilities was to identify key players from both research and industry that are active and/or proactive when
coming to adopt or develop Additive Manufacturing activities.

Leading European countries such as Germany, the UK, the Netherlands, France, Belgium, Italy, Spain and Sweden
take a global lead in some specific areas, either through their position in AM systems manufacturing or through
large OEMs, integrators or RTOs. Particular strengths were spotted in healthcare and powder-based technology
fields. One of the key strengths of Europe is metal Additive Manufacturing (AM). Companies and RTOs are
indeed proactively developing this area, making use of metal powders and wires to print molds, structural
components in the aeronautic industry, but also a broad range of tools in most sectors. In other key AM areas
Europe faces competition from Israel and the United States* (in fields such as plastic-based AM), Japan (in Hybrid
Manufacturing) but also China in some emerging areas (such as bioprinting).

The European AM landscape however remains fragmented (see Box 1). The concentration of AM capabilities
in specific Western European regions leaves a picture of leading regions specializing in particular segments of
the AM value chain (such as Baden-Wurttemberg in the field of AM printer manufacturing for instance). Such
specialization pattern can cover both supply and demand sides®. Eastern (and to some extent Southern)
Europe is however at a discovery stage: only a limited number of 3D-printer 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 contributes to the absorption and development of AM knowledge and technologies.

Box 1: Fragmentation of AM capabilities in Europe — a Regional Overview

Large German Landers (Bavaria, Baden-Wurttemberg but also North Rhine-Westphalia) concentrate most AM
capabilities. They are followed by French regions (such as Ile-de-France and Rhone-Alpes), the United Kingdom,
the Netherlands (South Netherlands), Belgium (Flanders, Wallonia), Spain (Asturias, Catalufia). Also Northern
Italy (Piemonte, Lombardy, Emilia-Romagna) and Northern Europe (the Netherlands, Sweden but also Finland
and to a more limited extent Norway) as well as Austria (Upper Austria) are strongly developing in specific AM
areas. Although Poland is more advanced, countries such as Slovenia, Croatia, Slovakia, and the Czech Republic
are only starting to develop capabilities in the research sector.

The fragmentation of the European AM landscape can be closely associated to established or sometimes emerging
specialisation patterns. It also highlights the missing links between Western European regions where most AM
capabilities are concentrated and Eastern European regions. Collaboration opportunities were therefore
identified in the 10 value chains under the scope of this study, ranging from cross-value chain collaboration
opportunities to collaboration opportunities across the segments of a same value chain (see Table 2).

Table 2: Overview of the main collaboration opportunities identified for the 10 application-driven value chains

Application Collaboration opportunities

. exchange of experiences between the different actors (material providers, service providers and
l] users - surgeons and hospitals) is key. The same goes for universities and businesses. Especially
at the level of materials, the very detailed and focused approach of material research is indicated

as useful for the companies to further develop applications in healthcare.
Plastic-based car interior components: Collaboration platforms already exist between the
automotive and aerospace sectors; as for the other collaboration opportunities in the sector,
~__ these are by nature European (and international/global). They are mainly to take place between
~ 5 OEMs, AM service and printer providers, RTOs and integrators. Collaboration opportunities also
X \e exist between the car interior component value chain and other transport-related value chains in
: Europe. These could be concretized by dedicated collaborative projects/platforms/networks (EU
scale); Other collaboration opportunities could be spotted such as between the car interior value
chain and the textile value chain (through upholstery). International collaboration could take
place between research centers and OEMs on this topic. Collaborations with other value chains
could also take place on the basis of either the materials or systems mobilised by the sector

(plastics, composites, powder bed systems).

{[ n Surgical Planning: Multidisciplinary collaboration is needed. Communication, collaboration,

4 Including those with corporate offices in countries like Israel

5> For example, not only do German Lénders benefit from a concentration of metal printer manufacturers, they also benefit from
the presence of large RTOs and OEMs in sectors such as aerospace and automotive that can create a critical level of demand
for metal printers.
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Metallic structural parts for airplane: Collaborations could take place across value chains
on the topic of large metallic structural parts, and mainly between the aeronautic, automotive,
defense and space value chains. Such collaborations could be organized at the EU level and
link key OEMs and integrators but also 3DP service and printer providers active in those value
chains across regions and along the value chain. Collaboration opportunities are also found in
the areas of smaller structural (and non-critical) components across the aforementioned value
chains, these could take place at the EU level and involve similar players. Platforms, networks,
projects and other collaborative settings would be appropriate to foster such collaboration as
is already being done under H2020; Collaborations across regions could take place in this area
but also making the link between this value chain and other value chains (such as in the
transportation and Energy fields where common constraints apply) by connecting
demonstration and testing facilities across regions. This could be done bottom-up with the
coordination support from the EU level. Collaborations could finally take place around titanium-
based applications which are in use in the aforementioned value chains (common AM parts
were already identified that can be found in both aeronautics and space systems).

Inert and hard implants: Multidisciplinary collaboration is needed. Communication,
collaboration, exchange of experiences between the different actors (material providers,
service providers and users - surgeons and hospitals) is key. The same goes for universities
and businesses. Especially at the level of materials, the very detailed and focused approach
of material research is indicated as useful for the companies to further develop applications.

Metal AM for injection molding: Collaboration opportunities exist between OEMs,
integrators and mold-makers but also research centers in all value chains making use of
injection molding. Such opportunities can concretize at all levels (along the value chain and
locally between mold makers and RTOs or AM expert companies, cross-regionally between
mold makers and OEMs, etc.); Particular collaboration opportunities could be taken advantage
of cross-regionally in the areas of car manufacturing and packaging (where AM molds could
play an important leverage effect).

Spare parts for machines: Collaboration opportunities are spotted between the machinery
(incl. Equipment manufacturing) and mass production sectors (automotive, packaging, etc.);
Collaborations have to be developed around the combination of subtractive and additive
technologies, most likely in a cross-regional fashion, and should involve both science and
industry.

Lighting and other home decoration products: Regarding the relatively high involvement
of European users (see e.g. Fab Labs or 3D Hubs) within 3D-printing platforms, specific
opportunities for Europe could be supported financially and with specific actions, e.g.
establishing initiatives such as Fab Labs, especially in Eastern European countries. Potential
key regions with high concentrations of involved end users and vendors of 3D-printed home
decoration products were identified (e.g. Netherlands/Nordrhein-Westfalen, in Italy, South
France, and in Spain). Networking activities, knowledge exchange platforms, and other actions
could support local players and raise common awareness.

3D-printed textiles: Especially collaborations between research institutes and textile
industry (including between designers and OEMs), and also with 3D-printing end users,
including 3D-printing communities. Opportunities emerge in suing textiles in other industries
such as automotive and aircrafts (Cross-sectoral collaboration). Collaborations should be
supported, especially between research institutes and textile industry. Collaborations with
companies from Eastern Europe where many textile manufacturers are located (although they
are often subsidiaries from MNE).

Affordable houses: Collaboration between various value chains e.g. construction sector with
aerospace industry and defense industry both on national and European level. More
collaboration is needed between different fields. Especially cooperation between architects
and experts from robotics, software and construction industries is needed.

3D-printed confectionery: Fostering of research collaboration at European level by
including private unprejudiced innovative food technology companies into projects, and
improving knowledge exchange of European research organisations in common projects.
Sharing of facilities and platforms of 3D food printing at the current exploratory phase should
be encouraged at the regional level. Encourage research partners to adapt open innovation
and co-creation principles. This would also potentially lead to the development of stronger
regional ecosystems linking research organisations and the food industry. The research of 3D
printing in food would benefit of European level research projects that integrate technology
and business development. Understanding from food processing technologies, business
models and consumer acceptance are to be strengthened simultaneously.
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Collaborations can take place between specific actors acting in a same (regional) ecosystem as one can observe
in the field of AM for injection molding; or across European value chain segments (whether across or along value
chains) such as observed in the context of the collaborative projects and platforms linking the automotive and
aerospace AM value chains. Depending on their format, collaborations can involve 3D-printer manufacturers,
services providers and OEMs or integrators. They can also involve RTOs players when a need to address particular
technological issues is identified. The levels of both specialisation and fragmentation of AM in Europe
particularly calls for international and cross-regional collaboration. Collaboration opportunities (each
being value chain-specific) can or could link Western and Eastern European regions, supply and demand, in an
open innovation fashion.

1.4 Missing capabilities and barriers to the adoption and deployment of AM in Europe

The fragmentation of the European AM landscape is also to be considered at the light of under-developped and
missing capabilities which were identified in the course of this study. These are presented in Table 3 and consist
in value chain segments (or related functions) that could be strengthened in Europe. They mainly translate in the
absence or lack of key players. In the field of metal AM for aeronautic components for instance, Europe is missing
companies able to produce high-end metal powders for specific applications. In a less mature field such as food
printing, Europe is missing specialized companies able to take existing technologies and materials to another level.

Table 3: An overview of missing and under-developed capabilities per value chain under study

Application Under-developped and missing capabilities

Capabilities are mainly concentrated in Western European regions; The software segment

4 n Surgical planning: Materials capabilities (not only hard materials but also soft tissues, etc.);
{ u should further be developed.

o Plastic-based car interior components: The CAD software segment could be
X N strengthened further; Capabilities are mainly (if not exclusively) concentrated in Western
. European regions.

Metallic structural parts for airplane: Transformative capabilities to turn high-end
materials such as titanium and alluminum into powders are missing in Europe; CAD capabilities
{ should be further developed; Non-Destructive Testing (NDT) and broader testing capabilities;
f" : Post-processing (including finishing) capabilities should be further strengthened; Capabilities
are concentrated in Western European regions; Wire-based AM systems and appropriate

software capabilities are currently missing in Europe; Hot Isostatic Pressing (HIP).

’ Inert and hard implants: Capabilities are mainly concentrated in Western European
regions; Software (incl. simulation/modeling) capabilities should be further strengthened in
the sense of customisation.

Metal AM for injection Molding: Transformative capabilities in high-end powders; AM
Supply capabilities are mainly concentrated in Western European regions and the users are
part of a scattered landscape; Software capabilities could be further strengthened to face
international competition.

Spare parts for machines: All the value chain is currently at an early stage of development:
no clear supply chain could be identified beyond specific (and/or isolated) cases; However,
finishing and post-processing capabilities remain to be developed (surface finition is key to
this application area).

Lighting and other home decoration products: Although they are to develop, no
particular capability appeared to be missing in this value chain — existing capabilities however
remain to be bundled.

3D-printed textiles: Software and simulation capabilities can be further developed; Adapted
systems (in view of in-line production), incl. relevant interfaces; The landscape remains
scattered; New (elastomeric, rigid, conductive, etc.) materials.

20



Affordable houses: Overall the 3DP activities related to affordable housing are scattered
over Europe with only few countries and some of their regions that do well such as the
Netherlands and the UK. To reach critical mass it would be beneficial to bundle forces. Eastern-
Europe seems not to have activities in this field apart from some SMEs activities from Slovenia.
A majority of the most important activities seem to be concentrated in Western Europe
(German speaking regions for material development and robotics, UK and the Netherlands).
One additional missing capability is not technological but relates to the financing and
ownership strategies of promising ventures especially in the fields of design and software
development. It seems that the continuity of European ownership is not always realized in this
field what may potentially hamper optimal growth of the company targets and their European
ecosystems. Furthermore even and especially in countries that are active in the field there
seems to be a need for ‘bridging people’ that understand robotics, software and the
construction sector as to make development projects more successful.

3D-printed confectionery: Because of the scattered and small number of actors, one of

the main missing capability in the 3D-printed food in Europe is the lack of specialization; The

food industry is not only waiting good results from pilot production examples, but the machines

and raw materials for industrial use are missing as well; The main activities in the 3D-printing

in food are concentrated on few Western European countries, and no clear indication of

companies or research actors from Eastern Europe that have engaged in 3D-printed food is

available.

It is also important to highlight that some of the missing capabilities can even stand as a critical barrier to the

deployment of AM. There relate to missing knowledge or key players in a specific area. Two main missing segments

where no or few European players are active are in that respect:

> High-end metal-based material capabilities (and in particular transformative capabilities of materials
such as titanium, aluminum and magnesium — see Box 2);

> And the post-processing segment (where Hot Isostatic Pressing is absent and finishing as a whole is to be
developed).

Box 2: Eye On the Issue of Metal Powders — The focus on transformative capabilities

It has been acknowledged that AM materials require further development®. The present report mainly highlighted
the critical importance of aluminum, titanium and to some extent magnesium to the European AM industry.
Among the three types of materials, only magnesium (which is also used in almost all aluminum alloys) was
considered a critical material in 2010 and in 2014 as 96% of the supply came from the 20 most significant
producing countries and 86% from China’. While there is in addition “no significant production [of] (...) titanium
in within the EU'™®% 10, Europe is an aluminum producer!! and a leader in aluminum recycling!2. The titanium
industry is concentrated in both supply and demand markets, pursuing its vertical integration. Aluminum on the
other hand is subject to a low level of concentration. Metals such as aluminum and titanium in particular are
concerned with both technical and economic difficulties, and processing appears to be a main challenge!3:
skills, knowledge and modeling are areas that require further support in that respect. One can notice that AM is
not among the largest consumers of metal powders. These are however critical to the AM industry. The
present report shows that besides raw material supply, transformative capabilities are the ones to be
further developed in Europe. These consist in activities aiming to (and related organisations able to)
transform and recycle (raw) materials into proper AM materials (such as powders, wires, etc.). This segment
was found as being a key missing/under-developed capability.

In addition to the analyses of current AM capabilities, key barriers were identified for each of the 10 selected
application areas and underlying value chains. These barriers hamper or even block the adoption and
deployment of Additive Manufacturing. Many of these obstacles are recurrent and can be found in most of the
value chains under the scope.

6 Measurement Science Roadmap for Metal-Based additive manufacturing. National Institute Standards and Technology, US
Department of Commerce. 2013. http://www.nist.gov/el/isd/upload/NISTAdd Mfg Report FINAL-2.pdf

7 Source: http://www.polinares.eu/docs/d2-1/polinares wp2 chapter2.pdf

8 Source: http://ec.europa.eu/DocsRoom/documents/10010/attachments/1/translations/en/renditions/native

° In Europe, only Norway produces titanium (See http://ec.europa.eu/growth/sectors/raw-materials/specific-
interest/critical/index_en.htm).

10 See
http://titanium.scholarlab.com/customer/titanium/resources/tieurope2014/SchneiderUweWorldIndustryDemandTrendsTiEU
2014.pdf

u https://ec.europa.eu/growth/tools-databases/eip-raw-materials/sites/rawmaterials/files/Bauxite%20-alumina%?20-
aluminium%?20Presentation%?20.pdf

12 See http://ec.europa.eu/growth/tools-databases/newsroom/cf/itemdetail.cfm?item_type=251&lang=en&item id=7054

13 Source: https://ec.europa.eu/research/industrial technologies/pdf/metallurgy-made-in-and-for-europe_en.pdf. Pg.46.
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The lack of knowledge is among the most recurrent ones and mainly consists in the lack of skills and appropriate
curricula, but also in the lack of knowledge available to characterize and standardize the AM materials and processes
at stake. The technical limitations but also the cost of AM (materials, printers, etc.) and the lack of awareness
among potential user communities are also recurrent. They come together with difficulties to overcome traditional
ways of manufacturing and cultural barriers in private sector organisations. Barriers to the uptake and deployment
of AM along the selected value chains are also strongly linked to the structure of the market and composition of
the chain (including underlying mechanisms such as the bargaining power of users). An overview of the barriers
referred to for each of the studied value chains is presented in Table 4. Most of these barriers highlight the need
for improved demonstration in Europe. Many of the needs that are indeed identified relate to higher Technology
Readiness Levels (TRL)! and to needs that are proper to close-to-market barriers (such as the need to relate to
customers and the demand side, the need for efficient processes, the lack of information and other business and
market-related factors, etc.).

Table 4: Overview of the main barriers hampering AM uptake and deployment in 10 application-driven value
chains

Case Stud
Surgical Planning: lack of training and appropriate skills (CAD, management, manufacturing, i
etc.); the lack of a multi-disciplinary approach; the lack of awareness across the user community;
the fact that printers remain expensive and not precise enough; the rise of virtual reality |
technologies allowing for virtual planning and therefore competing with AM-based surgical ll
planning. > L

Plastic-based car interior components: limited performance of AM regarding efficiency,
surface quality, automation, scale economies and the printing of large parts; the fact that 3D-
printed parts remain expensive and not fully sustainable but also that post-processing is still
needed; the lack of qualification of AM materials and processes as well as appropriate design rules;
the lack of appropriate curricula and skilled workforce; the risk-aversion and manufacuting
conservatism of company and technology managers; design/CAD IPR.

Metallic structural parts for airplane: rising competition from composite materials; heavy
regulations; lengthy development plans; the lack of knowledge and skills; printer manufacturers’ W
strategies regarding powder uses (use of specific powders made conditional to the use of certain A [~ Nr
printersa; the need for common standards and further characterization of AM materials and - E ‘
processes; missing knowledge (about health and security implications of AM); scalability issues; —~

poor quality and surface finishing; the lack of detection, monitoring and control of surfaces; the

lack of transformation capabilities in Europe and the availability of high-class, passivated clean

powders, including aluminum, magnesium and titanium; the lack of streamlined information and

insufficient awareness.

Inert and hard implants: this area is constrained by users’ low adoption level; certification ’

requirements and related uncertainties; IPR and regulation concerns; technical isssues; the quality
and availability of relevant materials; the current regulatory framework; limited skills and
technology development (including R&D/characterisation and standards).

Metal AM for injection molding: printers and powders remain expensive (mainly for SMEs) but ~n
also faces issues such as: skills availability; growing demand toward AM system manufacturers;

cultural conservatism; lack of AM awareness; lack of demonstration activities; lack of multi-
disciplinary curricula; AM technical limitations (cleaning of cooling channels, printing of large \
molds, precision and surface finishing, etc.); insufficient qualification and certification of AM
materials and processes; transformative capabilities in the field of metal powders; players standing
as bottlenecks in the field of metal powders!>; fear of having companies’ designs stolen;
development of internal AM capabilities in client companies; little bargaining power of SMEs;
international competition coming from plastics and composite materials; design/CAD IPR.

Spare parts for machines: AM is expensive and sub-optimal; appropriate skills and curricula;
risk-avoiding culture; availability of spares; need for a clear available distributed network; designs
availability; printers’ warranty and replicability of the parts; missing knowledge about AM materials
and processes;; differences between materials, printing conditions; lack of precision of AM.
Lighting and other home decoration products: technical limitations (production time,
finishing, quality, toxicity, stress testing, costs); need to develop materials and processes (incl.
4D-Printing); the market is small and dedicated to expensive designer products; only few key
players are active in this area; missing knowledge about 3D-printing; consumption is low;
awareness and quality information are missing.

14 See http://ec.europa.eu/research/participants/data/ref/h2020/wp/2014 2015/annexes/h2020-wp1415-annex-g-trl_en.pdf
15 e.g a printer manufacturer conditioning the use of its printers to the use of its powders.
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3D-printed textiles: lack of technological knowledge; missing fast in-line processes; insufficient
mechanical properties; inadapted textile CAD data; insufficient resolution; need for process and
materials characterisation; need for simulation and software; AM productivity; lack of common
research and interactions between key players; concentration of supply capabilities in Western
Europe; limited performance (size of the product, printing length, costs; missing material (from
elastomeric materials to rigid or conductive materials) and finishing capabilities; lack of new
business models; strength and quality of materials.

Affordable houses: limitations of current robotics and printers; no part integration,
multiperformative and multimode operations; need for computerized assembly lines; size, volume
and cost of AM; complexity of human/robot interactions; materials; scale; speed; skills; current
paradigms; conservative and risk-avoiding culture; lack of multi-disciplinarity; lack of awareness;
standardization, building and safety regulations; lack of creative entrepreneurship?®.

3D-printed confectionery: Heat and ingredients; AM performance; missing knowledge; lack of
critical mass; knowledge about temperatures during the extrusion process; consumption habits;
image of AM food; price of AM food; food safety; absence of regulations; lack of viable business
models; not all food ingredients are applicable to 3D printing yet; need for technologies to extrude
multiple ingredients.

1.5 Policy implications

Policy implications were derived for each of the cases which are presented in more details in Section 4 of the
Background Report. These can be synthesized under the following headings:

Acting at the level of Human Resources

1. Skills and the availability of appropriate and multi-disciplinary” curricula are a crucial issue to be
addressed. This was identified as a key barrier to be overcome in all case studies. Training should be made
available which would deal with AM and particular aspects of AM (such as CAD, materials, management,
etc.). Such development is most likely to take place at the level of EU Member States, but the European
Union could take a coordination role in order to streamline efforts made in this area.

- A consultative process could for instance be launched by the European Commission which
would trigger collaborations between education stakeholders and the AM community. This
participatory process could gather relevant stakeholders and key organisations to shape up a
new ground for multi-disciplinary curricula at all education levels and how to ensure their
uptake.

2. Awareness should be raised at all downstream levels of the value chains under the scope: engineers,
technicians, R&D and company managers, but also consumers and end-users in general should be made
aware of the pros and cons of AM in order to allow for the necessary cultural shift. The so-called cultural
shift both concerns the focus on formative and subtractive methods as well as the reluctance to adopt
new — less proved — technologies.

- Two main tools could be mobilized in that respect: first, the European Commission could
initate a one-stop shop that could take the form of a website dedicated to Additive
Manufacturing and of which content could deal with the various aspects of AM in Europe but
also world-wide (incl. links to calls for projects, an interactive mapping of key AM
infrastructures and services, etc.). A second tool would be thematic events to target 1)
(potential) users and 2) company managers. These events would be oriented toward
particular issues that are key to the competitiveness of particular value chains or application
areas.

Acting at the level of the technology

3. R&D support (including experiments and prototyping) is required in all areas, whether emerging or
already advanced. Technical barriers related to the size of the printed parts, the efficiency of the process,
etc. are key barriers to be overcome in order to make sure AM reach an appropriate level of maturity in
the areas where Europe has or can develop a comparative advantage. R&D support is most likely to be
collaborative in order to allow for knowledge and technological transfers and broader diffusion. By
collaborative, it is meant that R&D should bring together RTOs, large companies and SMEs, as well as
users'®. Such support could be brought at the regional, national and European government levels.

16 A lack of focus from entrepreneurs on issues such as culture and design, IT and gaming, infrastructure, safety thinking (related
to housing issues), standardization, sustainability.

7 When taking the example of affordable housing, such multi-disciplinarity could involve mixing robotics, software and
construction, with particular emphasis on design and software development. In the food sector, these would entail food
sciences, processing technologies, etc.

18 And to the extent relevant government authorities.
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Box 3: Examples of R&D areas to be supported

> Surgical Planning

. Research on materials: (a) on elastomeric type of materials which can be used for medical models
and (b) multimaterial printing;

X3 Research on the accuracy and the fidelity of the 3D-printed models;

. Design features for 3D-printing?®.

> Plastic-based car interior components

X3 Quality, consistency of production outputs;

X3 Composite materials for car interior component printing;

. Application of biomimicry to the AM of car components.

> Metallic structural parts for airplane

. Explosivity of metallic nano-sized powders;

. Quality of material feedstocks in powder-bed AM systems;

. Properties of large multi-material and composite-printed structural parts for airplanes.

> Inert and hard implants

X3 Research on materials: the strenght and porosity of the inert and hard implants (towards the
future: futher research on biodegradeble materials and bio-printing);

. Design features for 3D-printing?;

. Userfriendliness of the user features of 3D-printers. Often there is no automation or only semi-
automation.

> Metal AM for injection molding

. Bi-material (copper and steel) mold printing;

. Hybrid printing and the finishing of cooling channels in injection molding;

X3 Inter-operability of metal powders such as titanium and aluminum powders.

> Spare parts for machines

. Post-processing and the finishing of surfaces with mechanical properties;

. Hybrid manufacturing (combining additive and subtractive techniques) of (non-) structural
components for machines such as air compressors, compellers, water pumps, separators and parts
of forging machines;

. Analysis of distribution patterns of spare parts for the development of additive/subtractive hubs.

> Lighting and other home decoration products

. AM processes; Printing qualities are still not sufficient for small objects and products often need
further surface treatments after printing;

. Material properties; Technological advancements, e.g. 4D printing, which will be delivering
definable and varying material qualities, including electronic qualities, within one printed object,
will open potential application fields for consumer products, especially for lighting products;

. Toxicity, explosivity and broader health impacts of used materials.

> 3D-printed textiles

. Quality monitoring, control and detection systems;

23 Recycling and sustainability are the strongest arguments for 3D-printing as production can be
achieved without too many remnants and waste;

. Materials selection, materials properties including health impacts (esp. also recycled materials,
such as cellulose fibres).

> Affordable houses

. Materials should still be developed that can be processed on printers or contour crafting machines
and that can fit the requirement of the building industry;

. How AM, robotics and automation together can change the way things are done in the construction
sector?!;

. Software development.

> 3D-printed confectionery

. Technologies of 3D food printers (e.g. temperature fluctuations during extrusion process, printing
speed);

. Creating of multi-textural food structures (e.g. printing of different layers with materials that have
different viscosinity);

. Research in viscosity and consistency of food materials (e.g. particle size of printanble materials).

19 Currently the design process of 3D-printed implants is very long and complex. There is certainly a need for further improvement

of the medical imagine-processing software. The "connection" between CT-data and intelligent design of applications can
still be improved.

20 Currently the design process of 3D-printed implants is very long and complex. There is certainly a need for further improvement

of the medical imagine-processing software. The "connection" between CT-data and intelligent design of applications can
still be improved

21 The assumption is that the industry is not only going to use 3D-printing but a whole set of different operations into the building

process. In the factory of the future, they see the building process completely robotized. Alternatively robotics could be
included in the 3DP category or appear as another value chain with which collaboration has started
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- R&D support would most likely be collaborative and applied cross-regionally. A broad range
of instruments could be mobilized in that respect: networks of infrastructures connected
across European regions and coordinated at the regional level; collaborative R&D projects
supported by regional, national and European authorities; as well as other targeted tools such
as innovation vouchers or financial incentives (R&D tax credits at the national level, etc.).

4. Among the key areas to be supported, the combination of subtractive and additive methods (for
instance in the form of hybrid manufacturing) is to be supported in order to make Europe able to compete
with Japanese competitors on a high-potential segment.

5. Europe is well-placed to streamline all standardization and certification efforts being made in the
context of different value chains. The inter-operability of materials is for instance a key area where public
support would benefit the industry. It is however important to note that standardization is only useful
when the technology is characterized and mature enough. Examples of possible working areas relevant to
standardization efforts are provided in Box 4, showing that qualification is to remain a priority in some of
the application areas under the scope.

Box 4: Working areas to guide standardisation - Examples

] Description of the working area

Ny Standards on classifying and labelling 3D printed food are needed.

© 9% 3D printed food safety regulation, mainly in serving and distributing
food (e.g. hygiene of self serviced 3D printers and vending machines
at supermarket, producing food vs selling packaged food) is also a
key area. Standardisaton working
Standards should be found in the field of plastics used as material areas
for car interior components and which should present certain
mechanical properties.
Powders inter-operability in order to ensure the operational
functioning of powders in powder-based systems.

Metallic powders should be subject to further characterisation before Characterisation and
being subject to standardisation.  Standards should be standardization running in
developped for powder-based systems but are also needed for wire- parallel for different
based processes to spread. systems
Several materials used for 3DP are currently being investigated and Qualification and
their properties are actually not known vyet, meaning that certification as main
standardisation can only happen at a later stage. Qualification will priorities
therefore matter in that respect.

[ Regulatory framework: uncertainty with respect to certification at

national and EU-level hampers the uptake of AM. A clear regulation
with respect to certification should be developed.

6. European Fab Labs (Digital Fabrication Laboratories) should be used as test beds?2. Regions would be
well-placed to steer such tests due to territorial proximity.

7. Another example of policy implication relates to Intellectual Property Rights (IPR). The current analyses
suggest that monitoring and enforcement could reduce the risk-avoiding behaviour of most companies
active in different markets and who could take advantage of AM depending on the area (see Box 5).
Examples of actions are listed below, which are illustrative only (further analysis is recommended to assess
the need and usefulness of the listed examples):

- Information capabilities of key Intellectual Property instances could for example be
strengthened by setting up an observatory (which could be related to the EPO and/or IPO for
instance) 23 in order to watch over new industrial designs and their reproduction.

- IPR regimes could be enforced at both EU and national levels. This particularly concerns the
protection of design patents and copyrights over original parts.

- Monitoring acquisitions in the field of construction AM would allow following where the most
important IPR portfolios are and monitor new market dynamics.

- Meaningful IPR could be boosted by bundling resources for top European research.

- In the field of consumer products, IPR helpdesks and IPR support from the public could also
cover new forms of IPR such as creative commons, rules concerning open source software
development, etc.

22 This is applicable to all value chains, with a particular interest from the side of food printing and textiles.
B Examples are provided in http://www.tandfonline.com/doi/abs/10.5437/08956308X5705256 and on
http://ubiquity.acm.org/article.cfm?id=1008537
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- In sectors such as mold-making and textiles, activities supporting the involvement of users
could have an open source character. Collaborative contracts with RTOs should in any case
be made clear and SMEs could be supported, protected, and informed about the possible
options available to protect their designs.

- Collaborations could be foreseen in order to capitalise on upcoming working groups and
current progress in the definition of AM-related IPR lines?4.

Box 5: The importance of IPR - Addressing current and anticipating on future issues

Although IPR were identified as current barriers to the adoption? of AM in the mold-making and automotive
sectors, they are not perceived as main barriers to the deployment of AM in the aerospace, surgical planning
and spare parts cases?. In the first two cases, the key IPR issues relate to AM designs and copyrights. Industry
players fear that their designs could be stolen and that their parts/tools could be reproduced. In addition to
those two groups, 3D-printed hard and inert implants, confectionery, affordable houses, home decoration
products and textiles are areas where IPR issues could arise in the future but such development is to be
approached carefully. Policy implications were therefore suggested in line with the different levels of maturity
and related importance of IPR issues.

Developing missing or under-developed AM capabilities

8. As already pointed in the case studies, the access to high-end materials is crucial. Europe is subject to
missing capabilities in this area. Therefore, European and National but also regional entities should
facilitate the access to critical materials?’ (titanium, aluminum, magnesium, etc.) and more precisely
develop the related transformative capabilities by supporting initiatives such as:

- Market intelligence;

- Improvement of business development conditions;

- Capacity development through co-investment (in transformative processes for instance) that
could take the form of direct R&D support or financial incentives;

- Support to the qualification and standardisation of the materials through strengthened
coordination at the European level;

- Urban mining® to be developed at the local level with the support of higher levels of
government.

9. Other capabilities should be further strengthened, for instance using similar tools than the ones referred
to in the context of supporting metal powders transformative capabilities:

- Some functional capabilities are still missing in Europe that are crucial to the further
deployment of AM. These mainly concern finishing and in particular Hot Isostatic Pressing
in the field of metal AM.

- Other capabilities should be developed or reinforced at the level of the first segments of the
AM value chain. These include 1) simulation and 2) testing.

10. The development of new business models should be supported: new business models are indeed
required in areas such as food printing but also in automotive where companies such as LocalMotors in
the US already introduced a new form of car manufacturing to the market. This is also the case for the
textile value chains where user-driven platform-based models are to be further explored.

- Digital policy should therefore foster intelligence in the field and facilitate the testing of new
business models (at both European and national levels).

Bringing AM applications closer to the market
11. Closer to the market, pilot production and demonstration capabilities is to be further supported and
connected across European regions. Cross-regional demonstration activities should be supported as
well as joint actions and collaborations among exising actors, whether on a case-by-case basis or through
(a) one-stop-shop(s). This would allow a better connection between supply and demand as well as to flow
knowledge and network within the EU, and in particular towards Eastern European regions.

24 See for instance
https://www.gov.uk/government/uploads/system/uploads/attachment data/file/421543/A Legal and Empirical Study int
o the Intellectual Property Implications of 3D Printing - Exec Summary - Web.pdf as well as
https://www.gov.uk/government/publications/3d-printing-research-reports.

25 IPR are a key issue in all value chains under the scope. They were however not identified as key current barriers to the adoption
and/or deployment of AM. In most value chains, the weight of IPR as a policy issue is expected to grow, but it is
recommended not to design and implement policy in a premature fashion.

% In the field of spare parts AM, the issue rather relates to the general terms and conditions that are contract-based and lead to
conditions over the warranty associated to one or another machine.

27 Through certain initiatives such as studies and projects, the EC contributes to this ambition. One can for instance refer to the
study on the legal framework for permitting, Horizon 2020 project MIN-GUIDE developing a European Guide to Minerals
Policy, Horizon 2020 project MINATURA2020 developing a concept of Mineral Deposit of Public Importance to secure access
to deposits. A part of Horizon 2020 will also most likely contribute to put in place appropriate framework conditions, social
aspects and industry competitiveness, as well as appropriate policy settings. Among others, the EC collaborates with the
European Institute for Innovation and Technology (KIC on Raw Materials) on setting up a European Investment Platform on
Raw Materials and Recycling in the framework of the European Fund for Strategic Investments.

28 'The process of reclaiming compounds and elements from products, buildings and waste.
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The European Commission could take an orchestration role in that respect, by supporting the
setting up of relevant networks, structures and upgrading of current/emerging capabilities. In
particular, it is of utmost importance to develop appropriate funding mechanisms for cross-
regional demonstration activities. Such a funding mechanism should target in priority ‘post-
prototyping activities’ and upscaling activities; it shoud also go far beyond the support of
single projects. There is a need to set up permanent (networks of) demonstrators as joint-
demonstration platforms, to become the basic infrastructure for a pipeline of industrial
demonstration projects.

12. Collaboration is to be fostered (see examples in Figure 27).

Collaborations could be triggered on the basis of similar technical concerns (the use of
particular systems and/or materials, the manufacturing of particular parts of products, etc.)
shared by key actors from different value chain segments.

While existing collaborations (between automotive and aeronautic players for instance) can
be supported, the emergence of others also requires public intervention (such as in the case
of injection molding where collaboration between RTOs and mold-makers is to be facilitated).
A wa to trigger such collaborations would be collaborative R&D support but also cluster
initiatives that could be supported by national and regional entities in collaboration with the
European Commission.

i. Cross-value chain fertilisation would allow speeding up the market deployment of
AM across value chains. There is a clear opportunity for European authorities to take
advantage of existing (nascent) collaborations and foster the emergence of new
collaborations across value chains?® on common AM issues.

ii. Not only collaboration can take place across value chains, but also along relevant
value chains by fostering collaborations between segments such as presented in Table
34 which provides selected examples of possible collaboration opportunities both across
and along value chains.

Stimulate and orient the demand side
13. Whether emanating from users or consumers, demand is key to most AM value chains under the scope.
There is an opportunity to stimulate demand in an appropriate way across the value chains under the

scope.

This could for instance go through integrators in the automotive market, the consumers in
the food market, etc. Affecting food preferences or using regulation could impact the growth
of AM deployment in many value chains.

14. Demand could be activated in different ways depending on whether the demand is rather baded on
Business-to-Business (B2B) or Business-to-Consumer (B2C) mechanisms:

15.

From a B2B perspective, two possibilities arise:

iii. The price of AM is a recurring issue that keeps SMEs with limited capabilities but also
larger risk-avoiding companies from investing in 3D-Printers or AM services. Co-
investment is therefore needed from public authorities in order to facilitate the testing
and the acquisition of printers. Innovation vouchers could for instance be used to
facilitate the access of SMEs to relevant Research and Technology Organisations (RTOSs).
Tax (credit) schemes or other financial incentives could also be mobilized in that respect.

iv. Another aspect is based on the findings from the aeronautic value chain under the
scope. It is showed in this case study that environmental regulation can affect airlines,
which put pressure on integrators and OEMs so that they design and manufacture
optimized airplanes with reduced levels of CO2 emission. Similar mechanisms could be
applied to a broad range of application areas as to foster the deployment of AM.

From a B2C perspective, user platforms should also be financially supported, especially
in the benefit of Eastern European regions so that Fab Labs can emerge across Europe.
Platforms and networks for consumer participation could for instance be strengthened in fields
where consumers play a key role such as in wearables, homen decoration but also
confectionery.

In all fields a need for a common repository, streamlined information and awareness raising was
flagged. This could be operated at the European level in order to make sure that a homogenous set of
information is managed and diffused, not to be confused with marketing by potential user communities
who would be the main target.

An example could be to have a one-stop website (serving as repository of information)
sponsored by the European Commission and managed in collaboration with research and
industrial communities such as suggested under the first heading of policy implications (Point
2). Such website could among other things aim at clarifying the European AM landscape,
make clear the pros and cons of AM, and stand as a gate for organisations willing to
collaborate on specific AM developments.

2 For instance between defense, automotive, space, aeronautics, transports; but also between textiles and a number of other

value chains; etc.
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16. Current national and European regulation and policies are to be streamlined in order to clarify the extent
to which regulation will be adapted as to scale-up living lab experiments into real commercial products.

Box 6: From AM applications and value chain analyses to policy analysis

This study developed knowledge about European Additive Manufacturing value chains. It depicted to some extent
key areas of action to support the adoption and deployment of Additive Manufacturing as well as the structuration
of 3D-Printing value chains in Europe. Dedicated research would however be needed to assess the potential
effectiveness of specific policy tools and instruments to address the key needs, barriers, challenges and
opportunities identified in this report. Such study could develop an analytical framework to study the effects of
specific policy instruments over the process of additive manufacturing deployment.
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2/ Context and background of this study

2.1 A European policy framework to support industrial renewal

The European Commission recognises the central importance of industry for creating jobs and growth, being
the backbone of the European economy, accounting for 80% of Europe’s exports, for 80% of private research and
innovation (R&I) and providing high-skilled jobs for citizens. However, the recent economic crisis has led to the loss
of some 3.5 million jobs since 2008 and a further decline in manufacturing to 15% of GDP, far behind from the
20% target of industry’s share by 2020, as per the Communication on "An integrated industrial policy for the
globalisation era”, a flagship initiative of the Europe 2020 strategy3. Urgent reindustrialisation and
modernisation of the European economy are therefore necessary to create new jobs.

The European Commission has been allocating considerable financial resources to the development of the European
Industry. This is particularly the case when considering research, technology development and innovation (RTDI)
support. The commission brought funded RTDI since the first Framework Programme (FP1, 1984-1987) up to
“Horizon 2020" (H2020), the biggest EU Research and Innovation programme ever funded by the EC, with nearly
€80 billion of funding available over 7 years (from 2014 to 2020). Framework Programmes (FPs) were
instrumental in that respect. The current FP (H2020) represents most of the implementation of the EC strategy
entitled “Innovation Uniom'!. This strategy aims at securing Europe's global competitiveness by the creation of
an innovation-friendly environment that makes it easier for ideas to be turned into products and services, with the
clear ambition to enhance European economic growth and job creation. Through H2020, the Commission intends
to ensure that Europe produces world-class science, removes barriers and makes it easier for the public and private
sectors to work together in delivering innovation, as well as Erasmus+ coverage of research32,

Also Public Private Partnerships (PPPs) are of strategic importance for the European industry. The EC indicates
that PPPs will leverage more than €6 billion of public investments with each euro of public funding expected to
trigger additional investments to develop new technologies, products and services, therefore aiming at consolidating
the European industry as a leader on world markets. These PPPs are based on roadmaps for RTDI activities which
are the result of an open consultation process and have been positively evaluated by the European Commission
with the help of independent experts: PPPs started being implemented through open calls under H2020, and the
first Work Programme for 2014-15, allocated around €1.45 billion for eight PPPs, including one with the Factories
of the Future (FoF). The FoF multi-annual roadmap for the years 2014-2020 sets a vision and outlines routes
towards high added value manufacturing technologies for the Factories of the Future, which will be clean, highly
performing, environmental friendly and socially sustainable and with the engagement of the EU manufacturing
industry: PPPs are expected to deliver the technologies needed for the new sustainable and competitive factories
of the future. Another direct support to the development of the European Industry is related to the identification of
KETs.

2.2 Key Enabling Technologies and Additive Manufacturing

As part of its strategy, the European Union mandated a High Level Group (HLG) 33 charged with the identification
and selection of technologies that are expected to be decisive in tomorrow’s economy. The focus was placed on
horizontal technologies “enabling” multiple sectors, also called Key Enabling Technologies (KETs). The six
retained KETs34 have the potential to increase the productivity and the energy efficiency of the industry, leading to
competitive advantages and a cleaner European industry. These technologies are concerned with the so-called
“Valley of Death" challenge justifying public intervention. In the European context, this Valley of Death is mainly
seen at the level of demonstration and close-to-market activities. Advanced Manufacturing Technologies
(AMT) — which Additive Manufacturing (AM) is part of — are one of the KETs showing great potential. In order
to foster the development and commercialisation of AMT, a Task Force was set up by the European Commission in
2013. Its emphasis was put on the challenge facing the commercialisation of AMT- enabled products and the
further deployment of this range of technologies.

One of the most promising segments of AMT (with * particularly high growth” and a global market volume expected
to reach $ 11 billion in 2021%) is 3D-printing, also seen by many as the upcoming “New “Industrial Revolutiorn’®
leading to “High performance manufacturing’. 3D-Printing in that context is usually called Additive Manufacturing,
mainly referring to a set of dominant processes showcased in Table 5 and their mobilisation in an industrial context.

30 http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2010:2020:FIN:EN:PDF

31 http://ec.europa.eu/research/innovation-union/index_en.cfm

32 http://www.welcomeurope.com/european-funds/erasmus-plus-813+713.html#tab=onglet_details

33 http://ec.europa.eu/growth/industry/key-enabling-technologies/european-strateqy/high-level-group/index_en.htm

34 Micro and nano-electronics, nanotechnology, industrial biotechnology, advanced materials, photonics, and advanced
manufacturing technologies.

% Commission Staff Working Document SWD (2014) 120 final entitled “’Advancing Manufacturing — Advancing Europe’ — Report

of the Task Force on Advanced Manufacturing for Clean Production”, 2014.

Among many other examples, see http://www.economist.com/node/21552901 and http://www.businessinsider.com/the-next-

industrial-revolution-is-here-3d-printing-2014-8?IR=T
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Additive Manufacturing (AM) was indeed defined by ASTM International F42 committee as the “process of joining
materials to make objects from 3D model data, usually layer upon layer, as opposed to subtractive manufacturing

methodologies”?.

Table 5: Classification of AM processes

Process Type Technique Definition

Example Technology

Material

Liquid photopolymer in a vat is

Vat selectively cured by light-activated

Photopolymerisation

Stereo lithography (SLA),
digital light processing

Polymers and
ceramics

polymernsation. (DLP)
Material Jetting Droplets of bmlctjien;g;?tzgl are selectively 3D inkjet printing F';I]y;:;s;r:ﬂ:;r;d

Liguid bonding agent is selectively

Binder Jetting deposited to join powder materials.

3D inkjet printing

Metals, polymers,

and ceramics

Material is selectively dispensed through

Material Extrusion £
a nozzle or orifice.

Fused deposition modelling

Polymers

Thermal energy selectively fuses regions

Powder Bed Fusion E el

Selective laser sintering
(SLS), Selective laser
melting (SLM), electron
beam melting (EBM)

Metal, polymer,
composites and

ceramics

Sheet Lamination A process in which sheets of material are

Ultrasonic Consolidation

Hybrds, metals and

material is being deposited.

bonded to form an object. (uc) ceramics
. A process that focused thermal energy . .
Directed Energy . . Laser metal deposition Metals and hybrid
Deposition and fuses materials by melting as the (LMD) tals

Source: EC AM Workshop report 2014

As for other AMT, additive manufacturing is concerned with its integration with other value chains because of its
horizontal function in production processes. With multi-sectorial applications, it can enable the potential of
industrial sectors to optimise their performance and the quality of their outputs. However, the AM landscape and
European capabilities in particular appear to remain fragmented and missing links are observed between the
supply and demand sides. The application of AM technologies has nonetheless been consolidating in different

application areas such as in the medical, automotive and aerospace sectors, but many other application fields
remain under-explored which might cover untapped AM potential.

2.3

The growth of 3D-Printing and the digital single market

AM is seen as a differentiating technology but due to its success in the media, it has also been the victim of a recent
“hype" illustrated by the so-called “Gartner Hype Cycle for 3D-printing”’ (2015)38 showcased in Figure 1. This figure
illustrates the maturity of certain applications and the constant development of new “innovation triggers" as to

counterbalance less realistic expectations.

Figure 1: The so-called "Hype Cycle for 3D-printing”
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37 See also http://www.astm.org/FULL TEXT/F2792/HTML/F2792.htm
38 https://www.gartner.com/doc/3100228/hype-cycle-d-printing-
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According to the newly released Wohlers Report 201639, the AM industry*?, grew by 25.9% (compound annual
growth rate - CAGR™), reaching $5.165 billion in 2015. The CAGR for the previous three years was 33.8% and
over the past 27 years, the CAGR for the industry registers a score of 26.2%. The AM industry is growing by
more than $1 Billion for the second consecutive year. As AM is based on Computer-Assisted Design (CAD), one of
the key drivers of this growth relates to the development of ICT and the digitisation of industry and related services.
The recent “Path to digitise European /'ndu:;tr,l/'42 elaborated upon by the European Commission points to that
direction: the EC plans to set up a European cloud that, as a first objective, will give Europe's 1.7 million researchers
and 70 million science and technology professionals a virtual environment to store, manage, analyse and re-use a
large amount of research data.

In addition, the EC will invest €500 million in a pan-EU network of digital innovation hubs (centres of excellence
in technology). In these hubs, businesses can obtain advice and test digital innovations and set up large-scale pilot
production projects to strengthen internet of things, advanced manufacturing and technologies. The objective
would be to address the fragmentation of European markets in order to “reap the benefits of digital evolutions such
as the internet of things” *3. Such strategy echoes the European Economic and Social Committee (EESC) request to
give priority to investments in ICT infrastructure, while evaluating the challenges and opportunities represented by
Additive Manufacturing**. From that point of view, digital transformation allows and enhances the smart integration
of services and products. Key industries such as engineering, automotive, healthcare and pharmaceuticals are
increasingly impacted as value is shifting rapidly along the value chain: the transformative power of Industry 4.0%
is based on the combination of digital technologies with other advanced technologies such as AM, in order to
achieve maximum resource efficiency and boost EU competitiveness.

2.4 Adding the regional dimension: from the Vanguard 3DP Pilot to the present study

In the last two years several projects have investigated both cross-cutting KETs (such as the RO-cKETs project#)
and 3D-printing in particular. Among other initiatives is the Vanguard Initiative Pilot on 3D-printing*. The
Vanguard Initiative® is a * bottom-up initiative started by 20 EU regions in line with the European Cohesion Policy*°
and related smart specialisation strategies®. Among other pilots, the 3D-Printing Pilot of the Vanguard Initiative
aims at mapping and connecting demonstration capabilities of European regions by linking segments of the
3D-printing value chain(s) across regions. A main objective of the Vanguard “3DP pilot’ is to identify integration
opportunities along and across industrial value chains. It was understood from the Vanguard experience that the
regional scope was adapted to the need to combine strengths of various European innovation ecosystems to support
AM adoption and deployment. Other sources of evidence such as the KETs Observatory>! suggest that regions in
Europe perform in a variable way when coming to AMT. This is in that context that this study was commissioned
by the EC. The three main goals of the study were:

1) To identify key current and emerging (including future) application areas in the field of AM;

2) To reconstruct the underlying value chains at the regional level by identifying and positioning relevant
European players;

3) To identify missing competences with regard to applications with a promising potential as well as
collaboration opportunities to overcome the current and upcoming barriers to AM deployment in their
respect.

In line with the initial Terms of Reference for this study, the identification of missing competences and also new
opportunities should constitute a solid basis for future cooperation between European regions in the benefit of the
development of European 3DP-related strengths and the emergence of new ones.

39 https://wohlersassociates.com/2016report.htm

40 Which consists of all AM products and services worldwide

41 http://www.investopedia.com/terms/c/cagr.asp

42 http://ec.europa.eu/growth/tools-databases/newsroom/cf/itemdetail.cfm?item id=8785

43 http://europa.eu/rapid/press-release_IP-16-1407_en.htm

4 http://www.eesc.europa.eu/?i=portal.en.ccmi-opinions.32834

45 https://www.bundesregierung.de/Content/EN/Reden/2014/2014-02-19-oecd-merkel-paris_en.html

46 http://ec.europa.eu/enterprise/sectors/ict/key technologies/ro-ckets/index_en.htm.

47 http://www.s3vanguardinitiative.eu/sites/default/files/contact/image/ssp_adma_pilot 3d_printing_network.pdf.
“8http://www.s3vanguardinitiative.eu/sites/default/files/contact/image/ssp_adma pilot 3d_printing _network.pdf.
4949 hitp://ec.europa.eu/regional _policy/sources/docgener/informat/basic/basic_2014 en.pdf

50 http://s3platform.jrc.ec.europa.eu/

51 https://ec.europa.eu/growth/tools-databases/kets-tools/kets-deployment
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2.5 Research process, approach and methods

The figure below depicts the overall approach and process designed for this study. From a content point of
view, the four Main Tasks of this project ranged from the identification of most promising application areas to the
identification of key players along the value chain and the identification of missing competences in the field of
Additive Manufacturing. Each of these Main Tasks relied on a number of pillars, or sub-tasks, which are reminded
in the figure as " 7asks".

Figure 2: Overall approach to this study
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The approach set out for this study relied on both qualitative and quantitative methods. These were combined
in order to provide an overview of key application areas (connected to economic sectors) and identify value chain
components and related players. The overall research process was to lead to an improved understanding of current
and emerging AM value chains in Europe, as well as to the identification of trends and missing capabilities but also
opportunities for public support to play a differentiating role (by undertaking initiatives to foster joint collaborations
for instance).

Task 1. The first task was dedicated to the identification of key application areas, key emerging and future
application areas, as well as key AM players in Europe (including Research and Technology Organisations [RTOs]
and companies). Task 1.1 to Task 1.4 were mainly oriented towards the selection of a list of European regions with
(mainly) AM supply capabilities. Task 1 was therefore subject to the implementation of multiple research
methods, including a large-scale desk research, patent data analysis, the analysis of FP-funded projects, and
bibliometric analysis. All outputs from these tasks were integrated by Task 1.5 into a large-scale matrix called
“Sectors-Applications Matrix" (SAM) and available in Annex 2. This matrix was used in order to organize the
relevant data per application area (an application area being the combination of a technical application with a
specific economic sector). In parallel, regional profiles were drawn on the basis of existing data in the context of
Task 1.6 to identify the demand potential per sector in each European region. The information gathered and
synthesized in that context was to complement the outputs from the other tasks and compiled in the SAM. In
practice, all aggregated information led to the selection of a long list of 25 application areas possibly interesting for
further research. This first selection took place during a workshop organised at the consortium level. The list was
then shortened to 10 application areas to be further investigated through Task 2 and Task 3 in the context of in-
depth value chain case studies. This final selection was operated in Task 1.8 and in close collaboration with the
services from the Commission.
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Task 2. Task 2 mainly consisted in the implementation of the first phase of the case study research. A
refinement of the case units was operated in the context of Task 2.1. Every case was to be a combination of an
application area combined with related regions (for instance, German regions where a concentration of automotive
activities can be observed were most likely to be included in an automotive case as potential AM users). When the
final list was validated by the EC, desk research (mainly web-based) was conducted as well as semi-structured
interviews in order to identify key AM players in Europe. The identification of these players and their activities was
to lead to the identification of AM value chain segments for each of the selected cases. Information on the
geographical repartition of these actors was to be highlighted as to better illustrate the relative weight of specific
EU regions along each value chain.

Task 3. A second phase of case study research was to emphasize the emergence of new application areas as
well as the barriers to the adoption and further deployment of AM along the selected value chains. A main output
to come out from the finalized case studies was to be “policy implications” highlighted needs for public support, in
particular when these would be related to joint action opportunities across EU regions. This task was partly
conducted in parallel to Task 2 and called upon desk research as well as complementary interviews and written
feedback from experts and industrial players.

Task 4. In order to conclude the project, Task 4 was dedicated to the reporting of the results. 3 interim reports
were submitted along the project, which was closed after the present fourth (and final) report was submitted. In
order to ensure the first step towards the dissemination of the results of this project, a workshop was also organised
gathering the European Commission, representatives from the research consortium as well as key European experts
and practitioners from the field of European AM policy.

The results of this study are presented in Sections 3/and 4/. These encompass all results from Task 1 to Task 4
and therefore include the analyses and findings from all quantitative and qualitative methods of enquiry.

33



3/ Europe and Additive Manufacturing: qualitative and quantitative
analyses

3.1 Desk Research

A comprehensive desk research carried out by domain experts aimed at identifying the most important current and
future sectors and applications that will be affected by 3D-printing. This review included a survey of recent scientific
articles, conference papers, and other documentary sources. It intended to constitute a first basis to be
complemented by quantitative analyses. 150 relevant papers were classified together with web-based sources,
reports and analyses. 3D-printing applications, sectors as well as other relevant information were extracted to
complete a first draft version of the Sectors-Applications Matrix (available in Annex 2). Main criteria to select the
most important and relevant applications and sectors were the “added value that Additive Manufacturing brings
"2, the “Maturity of the ared">, and the existence of enough organisations (within the supply chain) working in
the field so that dynamic progress in that field would be more likely to take place.

AEROSPACE. According to the Wobhlers report 2015, Aerospace covers 14.8% of the revenues of 3D-printing
industry (i.e. machines, materials and services) which mainly concerns aircrafts and spacecraft’s’ manufacturing.
3D-Printed parts are currently flying on airplanes, rockets and satellites®*. Besides Space, aircraft manufacturing is
relevant to Additive Manufacturing (AM) as it is concerned with the production of low volumes, complex and
demanding components. Optimization through weight reduction and the reduction of the buy-to-fly ration are
therefore main drivers of AM in the industry. Manufacturers aim at using topological optimization to build lighter
parts in order to make savings on fuel consumption without reducing the performance of the components. Part
consolidation but also cost, waste and cycle time reduction®® are seen as main opportunities in this heavily regulated
industry. In addition to non-structural parts, large companies such as Airbus, Boeing and GE Aviation took
advantage of 3D-printing to produce components such as brackets, fuel nozzles, or air ducts. Repair and hybrid
manufacturing® are intensively studied, covering particular issues such as the resistance of aerospace products to
high temperatures (>2000°C) and harsh environments. On-site printing of parts (including moon-based 3D-
Printing) is one of the long-term tracks followed by the companies active in the field.

AUTOMOTIVE. The automotive sector is concerned with passenger cars, trucks, busses, as well as light
commercial vehicles, excluding special vehicles like tractors, cranes and other similar vehicles. Since their initial
adoption of 3D-Printing around 1988, car manufacturers developed rapid prototyping to improve development
cycles. The motor vehicles sector currently corresponds to 16.1% of Additive Manufacturing usage and is expected
to expand (Wohlers, 2015). As typical production volumes in the automotive industry are too high to economically
produce final parts with AM, its use remained limited to prototyping and tooling. Personalization and customization
but also new requirements to have eco-efficient cars are however attracting the interest of car manufacturers in
AM. Not only light-weight and energy efficient components are relevant to AM, but also the possibility to reduce
the production time of new car models such as functional prototypes by reducing the needs for tooling and
assembly. Several cases can be observed in special and racing car industries where AM was used for optimization.
The most illustrative example of the future of automotive AM remains Local Motors, an US-based company which
announced a launch of a “3D-printed electric car™’ directed to customer markets.

HEALTHCARE. The medical and dental sectors correspond to around 13.1% usage of Additive Manufacturing
(Wohlers, 2015) and are particularly driven by personalisation or mass customisation. This sector is heavily
regulated, which slows down the utilisation of new technologies and especially materials. Products are however
being 3D-printed, sometimes in large proportions such as hearing aids (more than 10 million are printed every
year). AM offers the possibility to have a simplified production chain consisting in three steps instead of nine and
to obtain fully dense and porous structures that allow better fixation of implants. Tens of thousands of 3DP-
fabricated metal implants are produced every year. Acetabular cups and (in the dental area) invisaling dental braces
but also crowns are probably the most well-known 3D-printed products®8. They are however not the only ones as
surgical visualisation aids, simple tools and preoperative models derived from 3D-scans are also being printed in
the medical industry. Cost savings are even obtained thanks to the simplification of the production process of
products such as prostheses. On the longer-term bio-printing or tissue engineering (also called organ printing)>°
and drug printing (including smart medicine and micro-factories) are expected to become a major field.

52 Business drivers relevant for an application were to be strong enough to overcome the potential current drawbacks of the
advanced manufacturing technology.

53 The focus was on applications assumed to reach commercial stage approximately after 3-5 years.

54 The ESA listed potential parts to be produced by Additive Manufacturing: different structures, multifunction casing, RF filters,
optical base plate, bracket and injectors as well as various on demand tools.

%5 Through the printing of parts in a single piece instead of several fitted together — which can lead to savings on assembly costs.

% Technologies combining conventional machining.

57 The production of mechanical components such as the battery and the motor of each car is however being outsourced.

8 Several millions of molds are actually printed every year in the dental area.

%9 According to Murphy and Atala, two-dimensional products (like skin) will be first applications, followed by hollow tubes (blood
vessels etc.), hollow organs and finally solid organs.

34



MACHINES & TOOLING. This sector covers the manufacturing of industrial and business machines as well as all
kinds of tooling. Computers, routers, CNC machines, robots, etc. are therefore under the scope of this sector. This
sector covered 17.5 % of AM in 2014 (Wohlers, 2015) and mainly involved AM for product development and the
production of low-cost tools. Examples of heat exchangers and robot arms could be identified. The interest of AM
for machines and tools mainly lies in the possibility to customize and produce lightweight parts, internal
channels/structures, reach functional integration, design surface structures, or benefit from specific material
options. Quality products can indeed be printed with a reduced level of scraps. Currently, companies such as
Matsuura and DMG Mori (Japan/Germany), Hermle (Germany), Mazak (Japan), Optomec (USA), and Hybrid
Manufacturing Technologies (UK) offer hybrid machines and services developed to optimize the use of AM for tool
printing by combining it with conventional technologies such as CNC. AM is therefore used to manufacture mold
inserts, sheet metal tools, robot grippers, patterns for sand and investment casting, and fixtures and jigs for welding
and assembly.

ELECTRONICS and ELECTRONIC DEVICES. Direct Write technologies allow for the printing 2- or 3-dimensional
structures such as antennas and many kinds of electronic circuitry directly onto flat or conformal surfaces in complex
shapes, without any tooling or masks. A good example is printing on mobile phone covers. The Aerosol Jet system
from Optomec (USA) was for instance used to print a conformal sensor, antenna and circuitry directly on a FDM-
printed wing of an unmanned aerial vehicle model. Together with the use of conductive and graphene filaments,
the conductivity of metal-based inks (especially those based on silver) is seen as better than with carbon-based
filaments. The newest development in the area is to co-print FDM filament and conductive ink and to produce
functional objects using only one printer. According to Voxel8, picking and placing functional objects will be
automated in the future and better combinations of techniques will be found. Also embedded stereolithography®
for the flexible manufacturing of mechatronic modules is under research in Germany. Developments such as
complex shapes printing or two photon polymerisation are mainly driven by the challenge of thermal management
which is constrained by miniaturisation of electronic devices.

CONSUMER LIFESTYLE & FASHION (incl. TEXTILES & CREATIVE INDUSTRIES). Two AM-related areas
can be identified: (1) 3D-printed industrial products; and (2) consumer 3D-printed products (e.g. toys, avatars,
home decoration etc.). A hype related to the latter has brought a lot of public visibility to consumer 3D-printing
which is mainly driven by the possibility to print series of one. Jewelleries are currently being printed with precious
metals such as gold and silver and can be customized or made with complex shapes. This value chain is being
disrupted by the availability of customized jewels designed by independent entrepreneurs. In the fashion sector
(textiles, shoes, garments) 3D-printing is for instance used to create eye-catching dresses and bikinis based on
hard polymers or accessorised garments. Comfort and flexibility of the textile for garments are however to be
further researched in order to produce truly wearable apparel for daily use. New materials and multi-material
printing are being explored. AM was also used to develop better cleats for football shoes and tennis products. The
ability to print full colours and the safety of materials are critical factors in this area.

OIL & GAS. This industry is concerned with the value chain ranging from the exploration to the distribution of
petroleum products. In particular the production in remote locations would be relevant to the printing of spare and
wear parts on site. Also extreme environments such as ultra-deep-water or arctic environments create the need for
adapted equipment. Pumps, pipelines, valves, drills etc. could also be optimised, but the size allowed by most AM
techniques remains limited compared to the size needed for such components. In addition, the quality and strength
of the components does not yet fulfil the resistance requirements of this sector. Although it remains focused on
prototyping, examples exist of gas turbines, fuel nozzles, smart pipeline inspection gauges (PIG) and drilling pro
ducts that are being printed by companies such as General Electrics or Halliburton. These players make important
investments in additive technologies. Sensors and subsea pumps are seen as the upcoming applications to be 3D-
printed (sensors are even at an early use stage).

ENERGY. Companies such as Siemens Power Service or General Electrics are known to use AM for rapid
prototyping, repair and the on-site production of turbine blades and burner tips. Time to market, repair times a,d
overall lead time reductions were achieved. Also the life time and efficiency of complex parts was improved thanks
to the printing of cooling channels. According to the MIT, 3D-printed solar panels could achieve 20% more efficiency
compared to flat solar panels. In addition, 50% savings could be achieved on expensive materials used for solar
panels such as glass, polysilicon and indium. These savings could be passed on to the consumers, making the
switch from fossil fuels to solar energy more appealing. 3D-printed organic solar cells capable of powering a
skyscraper could even be developed in the future. Also thin solar cells could be printed on untreated paper, plastic
or fabric could be printed instead of using expensive glass. Solar panels could be made flexible, lighter, and with a
reduced prototyping time. Selective Laser Sintering (SLS) is already used to print micro fuel cells, but new
applications arise such as small-scale 3D-printed wind turbines, Pelton turbines for small-scale hydropower
experiments, and possibly nuclear and fusion power components.

8 The method combines Stereolithography and UV-laser sintering of silver ink.
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CONSTRUCTION. The University of Southern California initiated the concept of “Contour Crafting” while the
Loughborough University developed * Concrete printing’. Both are seen as foundations of the current construction
3D-printing area which is concerned with the printing of facilities and structures. This area is subject to different
technologies (using concrete for instance) compared to other sectors. It is in a demonstration phase and knows
three main drivers: the possibility to build more affordable houses (which usually relates to automation and the
redundancy of formworks and scaffolds), to build on-the-spot emergency houses as well as to increase architectural
flexibility. According to Lux Research, the nearest commercial maturities are glass, lighting and furniture
applications. The printing of frameworks, foundations and flooring are at a concept level, while the development
level includes exterior and interior walls and heating, ventilation and air conditioning (HVAC) systems. Efforts are
made in this field: bridges are for instance being printed in the Netherlands. The University of Nantes (FR) is
currently developing a concept related to (emergency) sealed and insulated shelters to be printed in 20 to 30
minutes with dimensions of 3 meters high by 3 square meters. Not only full house printing is under the scope but
also the development of modular systems (3D-printed of “bricks” or walls modules). The Chinese company Zhuoda
Group has filled 22 patent applications related to their module house concept, where the modules are printed
elsewhere and then shipped to building location for final assembly.

MILITARY. The applications in the military sector overlap with other sectors, such as healthcare, and aerospace.
On-demand and on-site production of spare parts is a key development area. Examples include 3D-printing printing
on ships, or shelter printing in remote areas. In addition to mobile factories also field hospitals are of interest to
defence forces. One example under development is printing skin cells onto burn wounds.

TRANSPORTATION (MARINE & SPECIAL VEHICLES). Several research investments to develop the use of 3D-
printing in this sector as well. For instance, Hyundai Heavy Industries has invested in South Korea in an innovation
centre which focuses on the use of 3D-printing in the marine industry. In the Netherlands, a consortium of 27
companies in the marine industry has kicked off a new project focusing on the 3D-printing of spare parts for the
marine industry. The availability of information on potential applications remains limited at this point of time.

FOOD. The first chocolate printer was commercialized in 2014 and some experts from the Institute of Food
Technologists (IFT) predicts that 3D-printers have the potential to revolutionise the way food is manufactured
within the next 10 to 20 years. Homes and small cafes are the main (though not only) targets. The world first 3D-
printed food conference was organised in 2015, showcasing new shapes and other benefits brought by AM to food
processing. Customised food for various groups with different nutrient contents could be 3D-printed®!. Also
customised/personalised structures and flavours and the production of food in remote locations are seen as
opportunities. In addition, printers are being researched for sugar, ice-cream, pizza, pasta, vegetables, pancake,
lollipops, chewing gum, and other food products. Concepts are also being developed regarding the 3D-printing of
whole dishes.

MISCELLANEOUS. Other areas are subject or are expected to become subject to additive forms of manufacturing
whether currently or in the near future. Among other examples is the one of optics: new approaches are being
developed to print glass or plastics with good optical properties (such as needed for lenses, optical fibres etc.). 3D-
printing is also used in industries such as entertainment, movies and game industries where personalised products
are printed to speed up digitization.

3.2 Patent data analysis

A patent analysis was conducted in combination with the desk research as to identify industrial players who are
located on the “supply’s? side of European AM value chains. The analysis was to feed in the Sectors-Applications
Matrix (or SAM, see Annex 2) used to classify the application areas organised per sector. In the context of the
patent data analysis, the number of patents and the time since their official filing served as indicators for the
significance of the firm. Relevant studies analysing patents in the field of AM were analysed and used as a source
of inspiration for the present study — although the search strategy and time periods for this study differ®? from the
others of course. Gridlogics (2014) and an IPO study limited to 2013 were used in the context of the following
analysis and were complemented by an additional patent analysis based on the EPO database®*. The analysis of
the new patent class B33Y Additive Manufacturing on the EPO database revealed that until the end of August 2015
no patent have been published so far.

61 For instance different food for athletics and different food for pregnant women.

62 Producers of equipment, material, facilities, etc.

63 Wohlers Report 2015: Trends. Analysis. Forescast. 3D-printing and Additive Manufacturing. State of Industry. ISBN 978-0-
9913332-1-9 Intellectual Property Office, 3D-printing: A Patent Overview (Newport: Intellectual Property Office; November
2013) https://www.gov.uk/government/uploads/system/uploads/attachment data/file/312699/informatics-3d-printing.pdf
3D-printing: Technology Insight Report (2014), Gridlogics Technologies Pvt Ltd;
http://www.patentinsightpro.com/techreports/0214/Tech%20Insight%20Report%20-%203D%?20Printing.pdf

6 One should also note that on the 1st of January 2015 a new patent subclass was introduced by the WIPO (World International
Property Organisation) specifically dealing with Additive Manufacturing. This subclass alone is however not sufficient yet as
it is too recent.
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In addition, one should note that there is evidence of intellectual property infringement, at present on a small scale,
which highlights the potential for future intellectual property issues®. The findings from the two most relevant
patent analyses are summarised in this chapter along with updated data from the consortium’s own investigation.
The respective search algorithms are summarised in annex (see Annex 4). The results of these analyses were added
to the Sectors-Applications Matrix (see Annex 2) which served as main repository for the selection of the value
chains to be studied in-depth in the context of case studies (see Section 4/) . The activities of the companies
identified by the patent studies and the complementary analysis have been analysed in more details and were
added to the Matrix.

RESULTS. Table 6 hows the top patent applications in the field of 3D-printing. While some historical patent holders
(such as Fujitsu and NEC) have restricted their patenting activities, other top applicants such as Stratasys and Corp
Z have filed for patents in this area only relatively recently or recently entered the technology space (e.g. Objet
Geometries since 1989). Other applicants simply stopped patenting (e.g. LG Phillips after 2004). The top 2
applicants — Stratasys and 3D Systems Inc. (3DS) — started patenting in 1993 and 1990 respectively and
progressively absorbed companies from the AM market, including their IPR.

Table 6. Top patent companies with 3D-printing patents (European Companies in cursive)

Patent Assignees (Gridlogics®®) Total No. of  patent Assignees (IPO%7) Total No. of

1990-2013 P::t'::‘t‘:" 1980-2013 P::'I:ies:tesd

3D Systems Inc 39 3D Systems Inct® 91
Stratasys Inc 37 Stratasys Inc 5 92
Massachusetts Inst. Tech 30 Fujitsu Ltd? 92
Hewlett-Packard Co 26 NEC Corp 67
Hitachi Chem. Co Ltd 26 Samsung Electronics Co Ltd 48
Matsushita Electric Works Ltd 24 LG Phillips LCD Co Ltd 41
Therics Inc 23 Object Geometries Ltd 38
Materialise NV 22 Univ. Texas System 36
Objet Ltd 20 Boeing Co 34
Panasonic Corp 20 Z Corp 34
IBM Corp 19

The Boeing Co 19

Mimaki Engg Co Ltd 17

3Shape A/S 15

Dainippon Printing Co Ltd 15

Source: Gridlogics (2014), IPO (2013)

Table 7 depicts the results of the patent analysis in the most recent years between 2014 and 2015 based on an
analysis of data from the EPO. European Aerospace companies (Rolls-Royce, BAE Systems, Airbus and SNECMA)
successfully granted AM patents. Materialise N.V. (BE) comes in 7t position as one of the main European AM service
providers, while Alstom Technology Ltd applies AM to gas turbines and power supply.

8 A Legal and Empirical Study into the Intellectual Property Implications of 3D-printing: Executive Summary; Published by The
Intellectual Property Office March 2015; ISBN: 978-1-908908-85-8; https://www.gov.uk/government/publications/3d-
printing-research-reports A Legal and Empirical Study of 3D-printing Online Platforms and an Analysis of User Behaviour;
Published by The Intellectual Property Office March 2015; ISBN: 978-1-908908-96-4;
https://www.gov.uk/government/publications/3d-printing-research-reports The Current Status and Impact of 3D-printing
Within the Industrial Sector: An Analysis of Six Case Studies; Published by The Intellectual Property Office March 2015;
ISBN: 978-1-908908-86-5; https://www.gov.uk/government/publications/3d-printing-research-reports ~ Bradshaw, S.,
Bowyer, A. and Haufe, P., 2010. The intellectual property implications of low-cost 3D-printing. ScriptEd, 7 (1), pp. 5-31.

6  3D-printing: Technology Insight Report (2014), Gridlogics Technologies Pvt Ltd;
http://www.patentinsightpro.com/techreports/0214/Tech%20Insight%20Report%20-%203D%?20Printing.pdf

67 Intellectual Property Office, 3D-printing: A Patent Overview (Newport: Intellectual Property Office; November 2013)
https://www.gov.uk/government/uploads/system/uploads/attachment data/file/312699/informatics-3d-printing.pdf

6 3D Systems has merged with Z Corp, and Vidar systems amongst others, the patents were added up in this study.

6  Stratasys has merged with Objet and MakerBot Industries, the patents were added up in this study

70 Fujitsu has not been active in this area for some time, though, the granted patents owned by Fujitsu will soon expire.
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DSM IP Assets B.V. is active in various global fields”* while Michelin is developing metal Additive Manufacturing and
very recently (September 2015) joined up with the AM specialist Fives to form FIVES MICHELIN ADDITIVE
SOLUTIONS?2, Blueprinter ApS in Denmark develops an easy to use 3D-printer affordable even for very small
businesses. The Dutch LUXeXcel Holding B.V. focuses on optics and consumer products and Siemens AG is
interested in applications of 3D-printing for Healthcare, Energy and Electronics.

Table 7: List of top companies (2014 - 2015) (European companies in cursive)

Company Name Patent Assignees 2014-2015
Rolls-Royce 11
Samsung Electronics Co Ltd 11
Honeywell International Inc. 10
Stratasys Inc
Airbus
BAE Systems PLC
Materialise V. V.
Alstom Technology Ltd
GENERAL ELECTRIC COMPANY
Panasonic Corporation
DSM IP Assets B.V.
Hamilton Sundstrand Corporation
LG Chem, Ltd.
Michelin
SNECMA
3D Systems Incorporated
3M Innovative Properties Company
Blueprinter ApS
FUJITSU LIMITED
LUXeXcel Holding B.V.
SIEMENS AKTIENGESELLSCHAFT

(o2}
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Source: EPO, own calculation

3.3 Analysis of FP-funded projects

As a basis for the identification of relevant key players and completion of the application fields listed in the Sectors-
Applications Matrix (Annex 2), the consortium in charge of this study used the EUPRO’3 and CORDIS’* databases
to gather and analyse information on projects supported by the Commission under the 7% Framework Programme
(FP7) and Horizon 2020. The overview was extended to FP4, FP5 and FP6 as well as INTAS”>. Key words were used
in order to identify EU projects dealing with 3D-printing and Additive Manufacturing’®. The results were
supplemented with further input from experts’”” and official information from EU websites. Table 8 provides an
overview of the total number of relevant projects and the number of participants under each Framework Programme
(FP).

7L Such as food and dietary supplements, personal care, feed, medical devices, automotive, paints, electrical and electronics,
life protection, alternative energy and bio-based materials with a focus on engineering plastics

72 FIVES MICHELIN ADDITIVE SOLUTIONS will be 50% owned by Fives and 50% by Michelin and will benefit from a financial
contribution of at least €25 million in the first three years. http://www.fivesgroup.com/news-press/news/the-michelin-group-
and-fives-join-forces-and-create-fives-michelin-additive-solutions-to-become-a-major-metal-3d-printing-player.html

73 This database contains comprehensive, systematic and revised information on more than 60,000 research projects (title,
content, duration, cost, etc.) and their participants (name, type of organisation, location, contact person, etc.) from the first
to the seventh EU Framework Programme.

7+ http://cordis.europa.eu/search/advanced de?projects

> INTAS is an international association which promotes co-operation with scientists in the NIS, and complements the activities
of Copernicus-2. It was set up in June 1993 as an independent organisation under Belgian law, and its members currently
comprise the European Community, the EU Member States, Iceland, Israel, Latvia, Norway, Romania, Slovenia and
Switzerland. As a non-profit, charitable association, based in Brussels and tax exempt, it is funded primarily through the Fifth
Framework Programme, and carries out a large part of EU research activiies with the NIS.
https://ec.europa.eu/research/nis/en/intas.html

76 These were the following: "*3D-print*"; "*three dimensional print*"; "*additive manufac*"; "*electron beam melting*";
"*selective laser melt*"; "*selective laser sinter*"; "*fused deposition modelling*"; "*fused deposition modeling*"; "*stereo
lithogra*"; "*stereolitho*"; "*three dimensional biopr*"; "*Bioprint*"; "*drug print*"; "*binder jetting*"; "*material
jetting*"; "*sheet lamination*"; "*laser cusing*"; "*direct metal laser sintering*"; "*food print*".

77 The European Commission (RTD D.2) provided us with a list of EU projects dealing with 3DP which particularly complemented
the results of the most recent projects funded within H2020.
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Table 8: Overview of projects dealing with 3D-printing in the EU Framework Programmes

EU Programme Number of projects Number of participants

INTAS”8 3 20
FP4 10 105
FP5 4 16
FP6 11 149
FP7 64 553
Horizon 2020 9 55%*
Total 101 602

* The total number of participants eliminates partners that participated in different framework programmes
**H2020 is not completed yet in partner participations

Source: EUPRO database, CORDIS database, own calculation

RESULTS. 101 projects were identified of which a comprehensive list was added to the Annex 5. Most project
partners originate from Germany, the United Kingdom, the Netherlands, Spain and France (see Figure 4).
Companies and research organisation with the most involvement in FPs are listed in Figure 4. The 11 organisations
with most projects (5-25) in the field of 3D-printing were evaluated in more depth. A cross table to investigate the
relationship between these organisations can be found in annex as well. Information relevant to the thematic
analysis was then added to the Sector Application Matrix.

Figure 3: Statistical overview of country participation in EU framework programmes
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Source: EUPRO database, CORDIS database, own calculation

INTAS is an international association which promotes co-operation with scientists in the NIS, and complements the activities
of Copernicus-2. It was set up in June 1993 as an independent organisation under Belgian law, and its members currently
comprise the European Community, the EU Member States, Iceland, Israel, Latvia, Norway, Romania, Slovenia and
Switzerland. As a non-profit, charitable association, based in Brussels and tax exempt, it is funded primarily through the Fifth
Framework Programme, and carries out a large part of EU research activites with the NIS.
https://ec.europa.eu/research/nis/en/intas.html
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German players dominate the area. The Fraunhofer Gesellschaft zur Forderung der angewandten Forschung e.V.
research institute (DE) was most active with an involvement in 25 projects (20 of them under FP7), collaborating
with most of the other top 11 organisations except the AIMME and AJUI (ES). The Universities Wiirzburg, Niirnberg
or Stuttgart and the Karlsruhe Institute of Technology KIT (DE) are the next German players in line together with
companies such as Siemens, BMW, EADS or Lufthansa, as well as SMEs. Other main German players are BCT
Steuerungs und DV-Systeme GmbH participated in 5 EU projects under FP7 and EOS GmbH Electro Optical Systems.

Figure 4: Organisations with most involvement in EU framework programmes (25-4 projects)

Top Organisationsin EU Projects
0 5 10 15 20 25

Fraunhofer-Gesellschaft zur Férderung der angewandten Forschung e.V.* |
TNO - Netherlands Organisation for Applied Scientific Research
MATERIALISE N.V.
The Welding Institute Ltd (TWI)
Katholieke Universiteit Leuven
Loughborough University (LboroU)
AIMME - Asociacion de investigacion de las industrias metalmecanicas, afines y...
BCT STEUERUNGS UND DV-SYSTEME GMBH
LPW TECHNOLOGY LTD
Philips NV
Siemens AG
AU Asociacion de Investigacion de la Industria del Juguete, Conexas y Afines
Bayerische Julius-Maximilians-Universitat Wiirzburg
Consiglio Nazionale delle Ricerche - CNR
EOS GmbH Electro Optical Systems
Friedrich-Alexander-Universitat Erlangen-Nirnberg*
IBV Instituto de Biomecanica de Valencia - Biomechanical Institute of Valencia
Inspire AG fur Mechatronische Produktionssysteme und Fertigungstechnik
Karlsruher Institut fir Technologie/Karlsruhe Institute of Technology - KIT*
Raufoss A/S
Universitit Stuttgart/University of Stuttgart
Universiteit Maastricht

University of Cambridge (CU)

University of Manchester (Manu)

Source: EUPRO database, CORDIS database, own calculation

In the United Kingdom, Loughborough and Cambridge University are followed by The Welding Institute (TWI) and
LPW Technology Ltd. In the Netherlands the strongest partners were TNO and Philips N.V. TNO took part in a wide
range of projects, coordinating three of them. In Belgium, Materialise participated in some of the same projects.
The most active research organisations in Spain were Metalworking Technology Institute, AIMME, AIJU Instituto
Tecnoldgico de Producto Infantil y Ocio, and IBV, the Biomedical Institute of Valencia. These were followed by the
Swiss INSPIRE AG is a strategic partner of the ETH Zurich, and Raufoss A/S, a company within the The Neuman
Aluminium Group.

Overall, FP-supported projects investigated AM in areas ranging from energy to biomedical. From a technical point
of view, one can note that metal, ceramics as well as multi-material AM were further researched — although metal-
based AM seems to be most recurrent. Preoccupations vary depending on the project and players involved: from
lightweight components in automotive and aeronautic sectors to the printing of electronics and organic materials,
themes vary depending on the role the company takes in its value chain(s) as software, printer, or material
developer. A summary of research projects funded in FP6, FP7 and Horizon 2020 of the most active research
organisations can be found in the annexes which provides more details on the topics and themes investigated. A
short description of the biggest projects, either in volume or in numbers of partners, is given next (see Table 7).
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Table 9: Overview of the biggest EU-funded research projects and topics in line with the Applications of the SAM

e e —r———
applications

>

Rapid Manufacturing, IST and Material Science to improve the Quality of Life of European
Citizens through Custom fit Products); FP 6

CUSTOM-FIT drastically changes how and where products are designed and
made. It creates sustainable, knowledge-based employment, which plays a critical
role in safeguarding Europe's manufacturing industry by developing and
integrating a completely new and breakthrough manufacturing process based on
Rapid Manufacturing (RM)

Three main technical breakthroughs: Automated design system for knowledge
based design of Custom-Fit products, Processing of graded structures of different
material compositions and Rapid Manufacturing for Instant and On-Demand
manufacturing of graded Custom-Fit products.

Enables a vertical integration in the value chain and horizontal integration by the
ability to transfer the knowledge to other industrial sectors.

AMAZE (Additive Manufacturing Aiming Towards Zero Waste & Efficient Production g ég:g;g?\f;‘t
of High-Tech Metal Products); FP7 repairing
> The goal of AMAZE is to produce large defect-free additively-manufactured > Aerospace:
metallic components (up to 2 meters) with close to zero waste (50% cost Non- '
reduction for finished parts) used in the high-tech sectors aeronautics, space, structural
automotive, nuclear fusion and tooling. parts for
> The commercial use of adaptronics, in-situ sensing, process feedback, novel post- aeroplanes
processing and clean-rooms in AM will be reduced (quality levels are improved, > Automotive:
build-rates increased by factor 10, dimensional accuracy increased by 25% and Non- )
scrap-rates slashed to 5%) structural
> The links between alloy composition, powder/wire production, additive parts
processing, microstructural evolution, defect formation and the final properties of
metallic AM parts will be examined
ARTIVASC 3D (Artificial vascularised scaffolds for 3D-tissue-regeneration); FP7 > Healthcare:
> ArtiVasc 3D will provide a micro- and nano-scale based manufacturing and Bioprinting /
functionalisation technology for the generation of fully vascularised bioartificial organ
tissue that enables entire nutrition and metabolism. printing
> The bioartificial vascularised skin (engineered in ArtiVasc 3D) will allow tissue
replacement with optimum properties. Vascularised skin will also be used as an
innovative in vitro skin equivalent for pharmaceutical, cosmetics or chemical
substance testing, which represents a promising method to reduce expensive,
ethically disputed animal testing.
> ArtiVasc 3D will develop a combination of hi-tech engineering (micro-scale
printing, nano-scale multiphoton polymerisation and electro-spinning) with
biological research on biochemical surface modification and complex cell culture.
BOREALIS (the 3A energy class Flexible Machine for the new Additive and Subtractive g :ﬂ:glmg?s &
Manufacturing on next generation of complex 3D metal parts); H2020 Spare .parts
> Borealis project presents an advanced concept of machine for powder deposition for machines
Additive Manufacturing and ablation processes that integrates 5 AM technologies. | Machines &
The machine is characterised by a redundant structures constituted by a large Tooling:
portal and a small PKM enabling the covering of a large range of working cube Proto-typing
and a pattern of ejective nozzles and hybrid laser source targeting a deposition in  product
rate of 2000cm3/h with 30 sec set-up times. Software infrastructure enables a development
persistent monitoring and in line adaptation of the process of machines
> Aiming at TRL 6 for two complete Borealis machine in two dimensions — a lab
scale machine and a full size machine — which are foreseen to be translated into
industrial solution by 2019
CUSTOM-FIT (A knowledge-based manufacturing system, established by integrating g Prllggl?rllges &
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NAIMO (NAnoscale Integrated processing of self-organizing Multifunctional Organic | » Healthcare
Materials); FP6
> NAIMO will develop new multifunctional materials that are processed by solution-

based Additive Manufacturing (e.g. direct printing), under quasi-ambient
conditions, to form a composite material with designed multifunctionality in an
environmentally-friendly way.

> A key outcome of NAIMO will be the set of materials, process and manufacturing
capabilities to transform a plastic film substrate into a multifunctional composite
(with designed electronic, optical, sensing and magnetic capabilities).

3.4 Bibliometric analysis

This bibliometric analysis was aimed at 1) providing an overview of a research topic and insight into scientific
literature and 2) identifying relevant key players (both academic and industrial research players, top researchers
and the connections between them). This analysis takes as a basis the number of scientific publications issued
worldwide in any field of research’. An analysis of the network and connections between topics or actors was also
conducted, allowing for the identification of topics or collaboration themes between organisations. More details
about the methodology are provided in Box 7.

Box 7: Bibliometric analysis in practice

The calculations were done with the BibTechMon™ tool developed by AIT®, The computation of science maps
is based on the two dimensional representation of the co-occurrence matrix of terms in the relevant literature
(reviewed journals, conference proceedings, patents). The representation of the inter-term relations is done via
a spring model and by clustering algorithms. Depending on the question of investigation, the map renders
descriptors (keywords), extracted noun phrases (e.g. extracted from Abstracts and titles), actors (authors,
organisations) or a combination thereof. By defining appropriate indicators, it is possible to identify emerging
research fields or emerging or incumbent key players in the relevant scientific communities8!. The basis of the
analysis is data from the Web of Science™ publication database from Thomson Reuters®2. The following search
strategy was adopted for the time period 2010 until 09t July 2015:
> Topic=(3D-print* OR three dimensional print* OR 3D plot* OR additive manufac* OR stereolitho* OR
stereo lithogra* OR direct metal laser sinter* OR drug print* OR 3d Biop* OR three dimensional biopr*
OR electron beam melting OR Selective laser melt* OR Selective laser sinter* OR fused deposition
modelling OR fused deposition modeling OR Laser cus* OR sheet lamination OR binder jetting)
> AND Document Type = (Article OR Book OR Book Chapter OR Meeting Abstract OR Meeting Summary
OR Proceedings Paper OR Review)

4,713 recorded articles were identified and analysed. BibTechMon™ calculations led to the identification of networks
based on co-object analysis. The research activity was measured by weighted number of local agglomerated similar
publications. Similarity was measured by the Jaccard index of bibliographically coupled publications, and
visualisation was performed with a spring model and number weighted by the similarities between publications.

RESULTS. Figure 5 depicts the scientific publication network where the height of peaks corresponds to the number
of publications in a given field. The position of themes to each other is an indicator for how close or unrelated
topics are. In total, we identified 11 peaks which are interpreted as research fronts.

7% Consequently, high numbers of scientific papers on a particular technology in a certain area indicate high scientific activities
and specialisation in this area, whereas low activities may result in technological dependencies on other regions concerning
the particular technology.

8  Kopcsa A, Schiebel E. (1998). Science and Technology Mapping: A New Iteration Model for Representing Multidimensional
Relationships. Journal of the American Society for Information Science, 49, 1, 7-17.

8 In case of this literature analysis an object (a node) is a paper. The “size” of a node is related to the number of cited
references used in this paper. The more references a paper cites, the “bigger” the node is. Two papers share an edge if they
cite the same reference. The more references two papers share, the closer they are related and thus are drawn together
closer in the network. The nodes find their positions in the network graph based on their relations to all other nodes. This
results in a network of nodes, where clusters of nodes dealing with similar topics are formed. Papers lying within these
clusters can be studied whereby topics are identified and labelled. This results in a map of research areas and topics, with
research fronts, clusters of highly cited papers, standing out.

8 The Web of Science™ is an online database and provides a citation databases and covers over 10,000 of the highest impact
journals worldwide, including Open Access journals and over 110,000 conference proceedings with the focus on essential
data across 256 disciplines.
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Figure 5: Main research activities in 3D-printing and Additive Manufacturing
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Table 10 summarises the distribution of publication numbers between continents. The number of publications is an
indicator of how active research or industrial organisations are in each of the specified topics. In Europe the most
outstanding topics of research were on “Biomedical Implants with Electron Beam Melting and Selective Laser
Melting', * Mandibular Reconstruction Surgical Planning”’ and “Selective Laser Melting’. More detailed information
was generated for each topic®. An example is given in Annex 9 for the research front “ Micro-Stereolithography".
The results of the analysis were added to the Sectors-Application Matrix (see Annex 2) as to complement the other
outputs of both qualitative and quantitative analyses briefly depicted under Section 3.

83

i.e. research disciplines, keywords, pioneering publications, a list of most recent publications and key scientists with their
respective affiliation
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Table 10: Distribution of Publications by Research Fronts and Continents (bold: strength of the EU)

Research Fronts Oceania  South
America

3D Bioprinting 31 62 7 127 10 1
Additive Manufactured Scaffolds- 1 106 76 10 53 6 5
Based Bone Tissue Engineering
Biomedical Implants EBM and SLM 1 37 177 10 65 8 3
Guided Surgery Dental Implants 22 96 21 25 17
Mandibular Reconstruction Surgical 6 51 113 12 63 9 17
Planning
Microstereolithography 71 36 1 69 2 1
Photonic Chrystals 31 2
Stereolithographie
Additive Manufacturing, Misc. 1 14 54 5 24 2 6
Selective Laser Melting 5 150 229 17 34
Silicon Purification By Electron Beam 53 3
Melting
Ultrasonic Additive Manufacturing 4 6 41
not assigned 45 1615 2127 243 1729 208 104
Sum 59 2185 2978 326 2230 248 157

Source: Web of Science, own calculation

The most active companies are listed for each topic in Table 1184, Some selected findings for the three research

fronts where Europe is particularly strong can be summarised as follows:

1. Biomedical metallic implants made with materials such as titanium, tantalum, chrome, cobalt and stainless
steel have been in routine clinical use for several years. Medical grade Titanium alloys (Ti6Al4V) are widely
used as implant materials due to their high strength to weight ratio, corrosion resistance, biocompatibility and
osseointegration properties. The porous structures produced by the electron beam melting process present a
promising rapid manufacturing process for the direct fabrication of customised titanium implants for enabling
personalised medicine.> Most active companies in this research field were 3D Syst LayserWise, 3T RPD Ltd.;
Avio SpA, Implantcast GmbH and others, all with addresses in Europe.

2. Mandibular reconstruction is often needed after partial resection and continuity defect. The aims for
reconstruction are the maintenance of proper aesthetics and symmetry of the face and the achievement of
good functional result, thus preserving the form and the strength of the jaw and allowing future dental
rehabilitation. Using Electron Beam Melting or Selective Laser Melting (SLM) is a rapid prototyping method by
which porous implants with highly defined external dimensions and internal architecture can be produced.
These methods for the processing of titanium have led to a one-step fabrication of porous custom titanium
implants with controlled porosity to meet the requirements of the anatomy and functions at the region of
implantation.8 Besides European VS Technology GmbH and Mat Dent NV situated in Switzerland and Denmark
most prominent companies were located in USA or China.

8 The analysis of organizations is demanding as the spelling and notation of an organization’s name is not unique in the data

source. Organizations may have changed their names or organization structures over the considered time span. Mergers and
reorganizations of institutes and companies are not documented in the data sources. Therefore the available information of
organizations in the specific data field was standardized manually. Even this work proofed to be a challenge. As countries
have different institutional structures on universities for instance, as the department is quoted, sometimes a business unit,
or the institute, and often it is not possible to decide about the hierarchical role of them. Nevertheless standardization was
performed to show the visibility of the organizations. Therefore the reader is asked to take these preceding thoughts into
account for considering the analysis of organizations.
8 Mrdéz W1, Budner B, Syroka R, Niedzielski K, Golanski G, Sldsarczyk A, Schwarze D, Douglas TE. (2015). In vivo implantation
of porous titanium alloy implants coated with magnesium-doped octacalcium phosphate and hydroxyapatite thin films using
pulsed laser deposition. J Biomed Mater Res B Appl Biomater. 2015 Jan;103(1):151-8. doi: 10.1002/jbm.b.33170. Epub 2014
May 7. Parthasarathy, 1., Starly, B., Raman, S., & Christensen, A. (2010). Mechanical evaluation of porous titanium (Ti6Al4V)
structures with electron beam melting (EBM). Journal of the Mechanical Behavior of Biomedical Materials, 3(3), 249-259.
doi: http://dx.doi.org/10.1016/j.jmbbm.2009.10.006
Cohen, A., Laviv, A., Berman, P., Nashef, R., & Abu-Tair, J. (2009). Mandibular reconstruction using stereolithographic 3-
dimensional printing modeling technology. Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology, and Endodontology,
108(5), 661-666. doi: http://dx.doi.org/10.1016/j.tripleo.2009.05.023
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3. Selective laser melting (SLM) is driven by the need to process near full density objects with mechanical
properties comparable to those of bulk materials. During the process the powder particles are completely
melted by the laser beam. The resulting high density allows avoiding lengthy post-processing as required with
selective laser sintering (SLS) of metal powders®”. Companies identified in this research fields were FADS,
LayerWise NV, Inspire AG as well as Robert Bosch GmbH and Siemens Turbomachinery AB.

Table 11: Companies by research fronts — Authors’ affiliations of type "company"”, European companies marked in
grey

 Name of Research Front ____ Most Active Companies |
3D Bioprinting NanotecMARIN GmbH, D-55128 Mainz, Germany

Organovo Inc, San Diego, CA 92121 USA

Stratasys Ltd, Rehovot, Israel

TeVido BioDevices LLC, Austin, TX 78727 USA

Biomatica Srl, Rome, Italy

Hitachi Ltd, Hitachnaka Ibaraki 3128506, Japan

Mo Sci Corp, Rolla, MO USA

ReMeTeks Closed Corp, Moscow, Russia

Airbus Ltd, Bristol, Avon, England

EADS Innovat Works Metall Technol & Surface Engn, D-81663 Munich,
Germany

EADS Innovat Works, Bristol BS997AR, Avon, England

3D Syst LayerWise NV, B-3001 Leuven, Belgium

3T RPD Ltd, Newbury RG19 6HD, Berks, England

Avio SpA, 1-10040 Turin, Italy

Ctr Sviluppo Mat SpA, 1-00128 Rome, Italy

Implantcast GmbH, D-21614 Buxtehude, Germany

LayerWise NV, B-3001 Heverlee, Belgium

LayerWise NV, B-3001 Leuven, Belgium

Lima Corp, Milan, Italy

Simpleware Ltd, Exeter EX4 3PL, Devon, England

SLM Solut GmbH, D-23556 Lubeck, Germany

Stanmore Implants Worldwide Ltd, Elstree WD6 3SJ], Herts, England
IVS Technol GmbH, Chemnitz, Germany

Mat Dent NV, Dept Res & Dev, Louvain, Belgium

Med Modeling Inc, Golden, CO USA

Mitralign Inc, Tewksbury, MA USA

Shanghai Dragon Automot Technol Co Ltd, Shanghai 201600, Peoples R
China

Shanghai Zhizi Automot Co Ltd, Shanghai 201600, Peoples R China
Siemens Healthcare, Cardiovasc MR R&D, Chicago, IL USA

AlpZhi Inc, Atlanta, GA 30318 USA

Dow Chem Co USA, Elect Mat, Newark, DE 19713 USA

GE Global Res, Niskayuna, NY 12309 USA

3DSIM LLC, Louisville, KY 40202 USA

EADS Innovat Works Metall Technol & Surface Engn, D-81663 Munich,
Germany

Eurocoating Spa, I-38050 Cire Di Pergine, Trento, Italy

INSPIRE AG Mechatron Prod Syst & Fertigungstech, IRPD, St Gallen,
Switzerland

INSPIRE AG Mechatron Prod Syst & Fertigungstech, Zurich, Switzerland
Inspire AG, Inst Rapid Prod Dev, St Gallen, Switzerland

K4Sint Srl, Pergine Valsugana, TN, Italy

LayerWise NV, B-3001 Heverlee, Belgium

LayerWise NV, B-3001 Leuven, Belgium

Panason Corp Eco Solut Co, Kadoma, Osaka 5718686, Japan

Polaronyx Inc, San Jose, CA 95131 USA

Robert Bosch GmbH, Schwieberdingen, Germany

Sichuan Petr Perforating Mat Ltd, Longchang 642177, Peoples R China
Siemens Turbomachinery AB, S-61231 Finspang, Sweden

SLM Solut GmbH, D-23556 Lubeck, Germany

Additive Manufactured
Scaffolds-Based Bone Tissue
Engineering

Additive Manufacturing
miscellaneous

vV V V VVVVVVvVvVvy

Biomedical Implants EBM and
SLM

Mandibular Reconstruction -
Surgical Planning

VIV VVVVVVVVVVVVVvVvy

Microstereolithography

Selective Laser Melting

vV VvV Vv VvVvVvy

v

v

V|V VVVVVVVvVvVvy

8 Kruth, 1. P., Froyen, L., Van Vaerenbergh, J., Mercelis, P., Rombouts, M., & Lauwers, B. (2004). Selective laser melting of
iron-based powder. Journal of Materials Processing Technology, 149(1-3), 616-622. doi:
http://dx.doi.org/10.1016/j.jmatprotec.2003.11.051
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Name of Research Front Most Active Companies

> Units IM Technol AG, St Gallen, Switzerland
Silicon Purification by > Baotou City Shansheng New Energy Co Ltd, Inner Mongolia, Peoples R
Electron Beam Melting China
> Grikin Adv Mat Co Ltd, Beijing, Peoples R China
> Qingdao Longsun Silicon Technol Ltd, R&D Dept, Qingdao 266000,
Peoples R China
Ultrasonic Additive > Edison Welding Inst, Columbus, OH 43212 USA
Manufacturing > Solidica Inc, Ann Arbor, MI 48108 USA
Guided Surgery Dental
Implants > No companies were found in the data set analysed
Photonic Chrystals
Stereolithography > No companies were found in the data set analysed

Source: Web of Science, own calculation

The outputs of both the desk research and quantitative analyses were used as inputs to the Sectors-Applications
Matrix presented below (see Table 23). This matrix available in Annex 2 depicts every technology and associated
geographical concentration, components of the European supply chain, the potential of the application area as well
as its expected socio-economic impacts. Among the 65 combinations of sectors and AM applications, were for
instance satellites’ components (e.g. multifunction casing, RF filters, optical baseplate, bracket) or personalized
smart medicine. The matrix was kept as open as possible in order to grasp all possible application fields to which
AM is bringing or is expected to bring key changes. Both Additive Manufacturing in the industry and consumer 3D-
Printing were taken into account (including some areas such as AM for Music instruments).
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4/ Case studies: Mapping 10 European Additive Manufacturing Value
Chains

4.1 Process, approach and methods

OVERVIEW. Complementary to the desk research and quantitative analyses, 10 AM value chain analyses were to

be performed in the form of application-driven case studies. These case studies aimed at:

> Re-constructing the value chain(s) segment by segment by identifying key players (companies, research
and technology organisations, clusters etc.) and their activities;

> Identifying missing competencies in the regions considered and opportunities for joint activities between
them.

In addition, the research consortium performed an analysis of barriers to the uptake and deployment of AM along

each of the selected value chains, as well as a comprehensive listing of relevant policy implications.

Box 8: Barriers and missing capabilities

Barriers were distinguished from missing capabilities. While missing capabilities are economic activities in a
specific value chain segment that are either missing or under-developed in Europe, barriers cover a broad range
of factors influencing the development of those activities whether they are located in Europe or not. Barriers can
include the lack of knowledge, economic factors, social factors, and other variables that influence the level of
adoption and deployment of a technology in a given system. Although missing capabilities can sometimes be
barriers themselves, they were in this study dissociated from barriers for the sake of clarity. Moreover, it is not
because a capacity is missing or under-developed that the adoption and deployment of AM will be hampered. It
can however mean that European players and their use of AM might to some extent depend on foreign entities.

The all process of identification and selection of the 10 relevant value chains is presented in Figure 6. Parallel to
Tasks 1.1, 1.2, 1.3 and 1.4 which aimed at shaping up the Sectors-Application Matrix, Task 1.6 consisted in the
profiling and classification of the regions. All inputs fed in Task 1.7 where decisions were taken over the selection
of the final application areas to be researched in depth.

Figure 6: Detailed approach to the selection of the value chains
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SELECTION OF THE CASES. The first phase of the project led to the identification of the most important future
applications in 3D-Printing®, considering the applications at post-prototyping level (> TRL5) with a potential market
deployment within the 3 to 5 years. 65 applications were identified and ranked according to their technological
maturity and market potential (see Annex 2Deel 12/). 10 application areas were to be selected out of this list. In
order to operate the selection, three main tasks were performed:

1. First, a first profiling of the regions was performed in order to position each region regarding thematic

”ow ”ow

areas (such as “healthcare”, “automotive”, “advanced manufacturing technologies”, etc.).

Box 9: Drafting and positioning regional profiles

Parallel to the identification of the applications through the desk research and quantitative analyses, a profile
was constituted for 70 regions in order to identify the main economic specialisation areas and connect these to
specific applications. Geographical balance was targeted at the level of the EU28. A balance between lead and
less advanced regions was also sought. AM supply capabilities and (current or potential) demand could be
identified following an analytical grid and positioning the regions in function of key sectors®, themes and criteria.
4 main aspects were investigated: 1) the regional structure (dominant sectors, etc.); 2) the existence of AM
capabilities (presence of AM providers, etc.); 3) the development targets and strategic orientations of each
region (either towards AM, AMT or specific applications); and 4) the regional specialisation pattern(s) at play.
Several sources were used such as the Smart Specialisation Platform or the “"Eye@S2 Tool” of the IPTS%, the
Regional Innovation Monitor Plus®!, etc. A classification table was produced to cluster and rank the regions in
view of the upcoming case selection workshop. A more detailed view on the process and resulting clusters is
available in the Section 4.1 of the Background Report.

2. Second, a workshop®? was organized in order for the experts involved to make the selection of the 10
most relevant application areas and finalize the association of regions to those according to their profile
characteristics. This workshop led to the final version of the SAM as well as to a prioritized list of
applications including the 16 long-list of application areas potentially relevant to the case study research
to be performed.

Box 10: Selecting application areas and associating regions to these areas

Following a discussion on the scope of the sector-application areas, the participants to the workshop (from both
the consortium and external organisations) performed a prioritisation exercise to link the application areas to
regions. Criteria were used to select the application areas: technology maturity (only close-to-market applications
were retained, leading to a list of 54 area); the presence of a minimum critical mass of EU players (28 regions
remained); the existence of at least one supply chain (19 areas remained after this criterion was applied); and
the market expectations (leading to a final long-list of 16 application areas). The second part of the workshop
was dedicated to the allocation of regions to each of the 16 application areas depending on their individual
profile. A set of three criteria (see below) was used in that respect®3. Each criterion was used as a filter: every
application area that would not match the expectations of a filter would be dropped from the selection. Therefore,
the selection of applications followed four “filtering” rounds.

8 As agreed before we consider ‘Additive Manufacturing’ (AM) and ‘3D-Printing’ (3DP) as synonyms.

8 Each of the regions was for instance positioned in function of a set of 40 main economic sectors.

%0 See http://s3platform.jrc.ec.europa.eu/home and http://s3platform.jrc.ec.europa.eu/map

9 See https://ec.europa.eu/growth/tools-databases/regional-innovation-monitor/

92 The workshop aimed at: Selecting the most relevant 3DP applications to consider for the case studies; Allocating regions to
these application areas; Validating the resulting combinations as cases to be further investigated during the next steps of
the project; and establishing a long list of cases from which ten case-studies will be finally selected.

% The criteria used for the allocation were 1) the presence of a relevant industrial activity in the field (or in a related field); the
existence of a minimum critical mass, assessed through the presence of key (significant) industrial players in the region
(either as supplier of 3DP applications (technology developer) or as potential lead-user); and the possibility for the region to
take a leading role in terms of the segments of the value chain missing (upward/downward segments).
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S APPIYing 4 Criteria, in sequence, to the initial long list of 65 3DP-
Applications:

1. Technology Maturity: rejecting score >2 (1=partial market deployment
m s (TRLY); 2=demonstration (TRL6-8); 3=prototyping or pre-prototyping
(TRLS or lower)

2. Minimal critical mass of European players: rejecting applications with
————— no or too few players (at least 3 key European players)

3. At least one existing supply chain recognised. All remaining
) applications that passed the first two criteria but did not present a

recognised existing supply chain were not selected.

4. Market expectations. Only applications with the largest expectations. It
was assumed here that increasing market expectations would follow
the order presented below:

(—— * Prototyping = Limited expectations
* Tools and jigs = Moderate expectations
« Final functional part production = largest expectations

#28

#19

#10

Using the aforementioned criteria (see Box 10), we prioritised the applications and selected 16 key 3DP-applications
for further research. Following up on the workshop, the research consortium in close collaboration with the
European Commission selected a short-list of 10 applications. The following application areas were selected as a
basis for each case study to be performed?*:
1. Surgical planning
2. Plastic-based car interior components
3. Metallic structural parts for airplane
4. Inert and hard implants
5. Metal AM for injection Molding
6
7
8
9
1

Spare parts for machines
Lighting and other home decoration products
3D-printed textiles

. Affordable houses

0. 3D-printed confectionery

CASE STUDY PROCESS. The case studies took place in two phases. First the scope of the application area was
to be refined and key players and value chain components were to be identified for each cases. Second critical
factors, barriers to the uptake and deployment of AM as well as policy implications were to be derived from the
available evidence and resulting analysis. Each of the phases was started with a pilot round. A case study protocol
guided the all case study process, setting up the frame for the iterative rounds of desk research and 124 semi-
structured interviews (listed in Annex 14) and written feedbacks from gate keepers and representatives from the
supply and (potential) demand sides of the AM value chains. Interviews first targeted “gate keepers” (experts,
cluster managers, etc.) and then (potential) users and suppliers of AM technologies and services. Several meetings
internal to the consortium were organized in order for the research team to exchange on specific and cross-case
insights.

% The final list involved an evidence-based selection of 10 key applications from the previous 16 application areas which were
refined in collaboration with the services of the European Commission. Only the areas relevant to the study were retained.
For example, the application areas “structural components for cars” and “structural components for aircrafts” from the list
of 16 application areas were merged into one; when refining the case study unit with the relevant selection criteria, it
appeared that only non-engine metallic structural components of aircrafts were to be considered as they were 1) in the
contrary of automotive structural components, mature enough and close to commercialization, 2) not yet fully deployed to
the market (while plastic-based and non-structural components are already deployed) and 3) most likely to constitute an
area to which AM can bring value due to the more restrictive number of outputs (in terms of production series) issued from
the sector.
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Box 11. Scope of the AM application-driven case studies

The case study research was oriented towards main investigation topics derived from the research questions
that guided this study. As a result, each case study investigated for each selected value chain:

The context of AM in the broad sector in which the application is being in use;

A refined scope for each AM application area;

The identification of AM key players and value chain segments;

The analysis of critical factors and regional AM (missing) capabilities;

The analysis of barriers to the uptake and deployment of AM as well as related policy implications.

uhwn e

RESULTS. After the selection of the 10 AM application-driven value chains to be further investigated, each
case study was conducted by using a combination of desk research and semi-structured interviews. The case study
process was framed by the use of a case study protocol depicting every aspect of the process, topics to be discussed,
analysis and reporting modalities. The value chain analyses were completed by an identification of barriers to the
uptake and deployment of Additive Manufacturing together with related policy implications.

4.2 Overview of the 10 selected AM Value Chains

The following sub-section presents an overview of each of the value chain analyses performed in the form of
application-driven case studies. These are synthetic version of the full case study reports available in Section 4 of
the Background report. Cross-case insights will then be presented as well as key implications in the Conclusion
section (see 5/).
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4.2.1 Surgical planning

CONTEXT. Since the adoption of AM by the sector in the 2000s, the use and quality of AM applications in healthcare
increased® and it is now expected to lead to a revolution (Ventola, 2014)%. It is a large market with value-dense
products of limited sizes (compared to aircraft components), and a lot of potential is foreseen in customization?’.
With a total market of about $490 million, AM in healthcare is expected to grow to $2,13 billion in 2020%. Although
various applications®® from different categories!®® benefit from AM in healthcare, this case study was focused on
“Modéels for preoperative planning, education and training’ and * Tools, instruments and parts for medical devices”
grouped together under Surgical Planning0!. A total of $644 million in value of printed components alone originating
from surgical planning is expected by 2020192, 1t is expected to benefit the patient, surgeons and hospitals!03.104
thanks to customized and to some extent more accurate tools that can be produced cost-effectively.

SCOPE. Surgical planning consists in 3D-printed surgical guides used to transfer a virtual surgical plan to real life.
A surgical guide is a union of two components: the guiding cylinders or oblique holes and the contact surfacel. A
3D-printed medical model is a model of a body part (e.g. organs, limbs, spine, and teeth) which is produced via
additive manufacturing. It is not used inside the body. Surgical and drilling guides (see Figure 7) are currently key
additive manufacturing applications% and have a growing market expectation.

Figure 7: from left to right, (a) Drilling and cutting guide design based on initial anatomy and planned outcome
(b) Hllustration of patients-specific plates with pegs which follows the contours of the bone.

Source: Video on patient-specific guides and plates for a double forearm malunion case!”’

It is also observed that companies often provide services for surgical planning including the 3D-printed tools and
instruments as well as the 3D-printed medical models, where also the main market opportunities occuri®s,

% Gross BC, Erkal JL, Lockwood SY, et al. Evaluation of 3D-printing and its potential impact on biotechnology and the chemical
sciences. Anal Chem. 2014;86(7):3240-3253.

9%  Ventola, C. L. (2014). Medical Applications for 3D-printing: Current and Projected Uses. Pharmacy and Therapeutics, 3%10),
704-711.

% 3D opportunity in medical technology: additive manufacturing comes to life. Deloitte University Press.

% http://www.fabulous.com.co/blog/2015/11/impression-3d-medecine-medical-sante-quel-marche/

% Such as Models for preoperative planning, education and training; Medical aids, supportive guides, splints, and prostheses;
Tools, instruments and parts for medical devices; Inert implants; Bio manufacturing (tissue engineering and additive
manufacturing).

10 Tuomi J, Paloheimo K, Bjorkstrand R, et al. Medical applications of rapid prototyping — from applications to classification. In:
da Silva Bartolo PJ, Jorge MA, de Conceicao Batista F, et al. (eds). Innovation development in design and manufacturing:
advanced research in virtual and rapid prototyping — Proceedings of VR@P4, Leiria, Protugal, October 2009, pp. 701-704.
Boca Raton, FL: CRC press.

101 In addition, the literature often combines 3D-printed surgical guides and tools and 3D-printed anatomic medical models and
labels them together as “surgical planning”.

102 Opportunities for additive manufacturing in surgical planning and modelling
http://www.researchandmarkets.com/reports/3388719/

103 EQS- Additive manufacturing in the medical field. https://scrivito-public-cdn.s3-eu-west-
1.amazonaws.com/eos/public/b674141e654eb94c/c5240ec3f487106801eb6963b578f75e/medicalbrochure.pdf

104 Additive manufacturing workshop Medtech 2015: presurgical planning in hospitals supported by additive manufacturing

105 Ramasamy M, Giri, Raja R, Subramonian, Karthik, Narendrakumar R. Implant surgical guides: From the past to the present.
Journal of Pharmacy & Bioallied Sciences. 2013;5(Suppl 1):598-S102. doi:10.4103/0975-7406.113306.

106 3D opportunity in medical technology: additive manufacturing comes to life. Presentation by Dr. Mark J. Cotteleer, 22 April
2015.

107 http://ortho.materialise.com/cases/patient-specific-guides-and-plates-double-forearm-malunion-case

108 Opportunities for additive manufacturing in surgical planning and modelling
http://www.researchandmarkets.com/reports/3388719/
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The market for personalized 3D-printed surgical guides and tools can mainly be seen as 1) cutting guides (surgical
guides to temporary put over the bone, inside the body), 2) drilling guides (temporary put over the bone, inside
the body)1% to indicate where the surgeons should either cut or drill; and 3) other tools and instruments (such as
customized scalpels, etc.). Guides allow forl0 precisely transferring virtual planning into the surgical environment,
reducing operating time and improving precision. Their use implies that they are made of biocompatible materials.
Models for preoperative planning, education and training (medical models) are often made of polymers but also
steel and rubber. They can be used for surgical preparation, training and education, but also communication to the
patient. Models for preoperative planning, education and training (medical models), anatomical models appear to
be mainly used to prepare surgery!!l. A broad range of specific products could be identified, from brain or spine
surgery tools to drilling guides. they have in common the need for precision, reliability and of course
biocompatibility.

VALUE CHAIN. When considering the two
segments falling under the scope (tools and
instruments for surgery and 3D-printed models),
one can notice the presence of large US-based AM Research and Technology Organisations performing research on particular segmentsand at all levels
providers (Stratasys, 3D Systems [incl. its Belgium SEEl el
branch Layerwise]) but also European companies

Figure 8: Main segments of the surgical planning additive
manufacturing value chain

(EnvisionTEC [DE], Arcam [SE], Materialise [BE]). |/  Manufacturing of 3p-

These companies spread along the value chain, | | rimers

from software design to the use of techniques | | erovisionof raw materia |
such as Laser Sintering of metal powders to | ! e nE +|surgeons, hospitals |
produce tools or molds to make those tools. 3D-scanning ‘

Manufacturing of 3D-Printers is an activity that can
either be found in American firms or in Western
European ones such as Belgium, Germany, British ,
or Swedish companies. The materials (mainly :

metals and polymers for guides, a broader range
of materials for models), 3D-scanning and
software capabilities are provided by a broad range of companies: specialized software are needed which are mostly
available from Belgium, French, German and US companies. Large players such as Johnson and Johnson (US),
Stryker (US), Zimmer Biomed (CH), Smith and Nephews (US) and Siemens healthcare (DE) developed some AM
capabilities to complement their subtractive techniques in the making of surgical guides!'?. Materialise (BE),
Renishaw (UK), Stratasys (IL), Xilloc (NI) and Oxford Performance materials (UK) are suppliers of AM printers and
services who developped a business line on healthcare. Key consumers in the value chain remain hospitals (and in
particular surgeons).

Software design

3D-printed models are increasingly in use for training purposes, but awareness is still lacking among the user
community. From the side of Research and Technology Organisations (RTOs), developments are taking place in
collaboration with the private sector on topics such as multi-and biodegradable materials. Connections with other
value chains are limited except for other health-related value chains. However, links are observed between (mainly
Western European) regions as key players collaborate accross Europe. Flanders and Wallonia regions (BE) provide
good examples of such players from the service provision side (KUL, Melotte, Layerwise, Materialise, Mobelife NV,
etc.) while Bavaria and Baden-Wiirttemberg in Germany concentrate the metal AM printers provision players (such
as EOS, SLM-Solutions, ConceptlLaser, etc.). Other regions play a role, such as Emilia-Romagna (IT) and Asturias
(ES) where developments can be observed. The rise of AM for surgical planning might lead to changes in the value
chain: in particular “ manufacturing closer to the point of use” is seen as an upcoming application as hospitals might
be able to print their own models in the near future. They could possibly do so not even buying a printer but going
for a leasing option.

BARRIERS AND POLICY IMPLICATIONS. The uptake and deployment of AM remain limited by the lack of
training and appropriate skills (CAD, management, manufacturing, etc.). These should be oriented toward a multi-
disciplinary approach calling upon different fields (engineering, health sciences, etc.). Despite of the current hype,
the use of AM for surgical planning is not well-known across the user community. Moreover, printers remain
expensive for hospitals to buy, and often do not match expectations of the surgeons in terms of precision and
reproduction of surgery conditions. AM for surgical planning might also be threatened by the rise of virtual reality
technologies allowing for virtual planning. Currently, a lot of the efforst in healthcare with respect surgical planning
is still focused on hard tissue such as maxillofacial reconstruction and orthopaedic applications. The majority of the
body consist of soft tissue though, which requires more elastic properties of the material. A main missing capability
in surgical planning is the availability of surgical models consisting of elastomeric type of materials (polymer) which

109 Opportunities for additive manufacturing in surgical planning and modelling
http://www.researchandmarkets.com/reports/3388719/

10 Naghieh, Saman, Badrossamay, M. and Foroozmehr, E. Frabriation of cutting guides for Oral and maxillofacial bones by
additive manufacturing techniques: case studies. Presentation at 3™ congress of Iranian oral and maxillofacial pathologist
29-31 July 2015, Iran-Isfahan

1 Ventola, 2014

12 QOther companies are Encoris (NI), 3D-side (BE), Lima Corporate (It), etc.
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have these elastic properties. Very important for
these models is their fidelity. The availability of
these models focussing on soft body tissues such
as cardiovascular and gastrointestinal models,
would allow for high fidelity training to de-risk | » Materials capabilities (not only hard materials but
training new practicioners. Other missing also soft tissues, etc.);

capabilities are the multidisciplinary skills (related
to surgery, radiology and engineering). Overall,
Europe also lags behind the US with respect to the
implementation of the technology itself into | » The software segment should further be developed.
service design. It is also concerned with missing
and/or under-developped capabilities such as presented in Box 12. The possible development of the use of AM for
surgical planning would not impact the structure of the market as liability would still be a more determinant factor
compared to others such as IPR.

Box 12: Missing and/or under-developed capabilities in this
value chain include...

> Capabilities are mainly concentrated in Western
European regions;

Therefore, a series of poliy implications were derived from the case study, seen as the needs to:

1. Improve skills and training availability in strategic areas such as CAD, materials, management, etc. 113,
This should at least be implemented at the national level as education and training programmes need to
be developed. The diversification of the training and education offered will benefit from a coordinated
EU-approach.

2. Support multidisciplinary collaboration in order to stimulate the development of multidisciplinary skills.
Project-based initiatives can initiate a first collaboration between e.g. engineers and surgeons/clinicians.
Incentives at local, national, and EU level are necessary

3. Support R&D in the field to overcome technical barriers. Technical barriers (price of printers and materials,
accuracy and fidelity of the tools) still exist at all steps of the value chain. R&D support in the form of EU,
national and regional funding programmes can help to overcome these technical barriers.

4. Co-invest in the acquisition of printers to reduce the cost for adopters (hospitals) via regional and national
initiatives.

Promote information sharing between healthcare professionals, healthcare companies and AM suppliers.At
all levels (EU, national and regional level) it is important to rise awareness among the user community.

5. There is still a lot of diversity between the different countries with respect to the payment of models and
surgical tools. A more coordintated approach at the EU-level will certainly benefit the uptake of AM in
healthcare.

4.2.2 Plastic-based car interior components

CONTEXT. AM in the automotive industry is now expected to reach a combined production volume associated to
the generation of $1.1 billion revenue by 2019 (Royal Academy of Engineering, 2013) and could bring a revolution
to the sector!!#, 100 000 prototype parts and molds are already 3D-printed every year andthe revenue generated
by the sale of 3D-printers to the automotive industry should reach $586 million, while materials revenues would
reach $376 million by 201911>, The use of AM remained however focused on prototyping, although some operational
uses can be found on certain segments such as the one of Formula 1116,

SCOPE. AM in automotive is concerned with both structural and non-structural components. Although
developments take place at the level of structural components, AM was mainly used to print car interior and exterior
parts. Car exterior is however less subject to AM. With about 250 parts on average, car interior (see Figure 9)
comprises interior carpets, rugs and floor kits and (dash) mats, upholstery (seats including cushions and chairs),
headliners and floor liners, convertible tops and vinyl roof covers, as well as dashboards; among these, about 90
parts are made of plastic material (Szeteiova, 2010)%7.

113 3D opportunity in medical technology: additive manufacturing comes to life. Deloitte University Press, 2014.

114 See http://www.autocar.co.uk/car-news/motor-shows-detroit-motor-show/how-3d-printing-could-revolutionise-car-industry
115 See http://smartechpublishing.com/news/smartech-publishing-announces-automotive-industry-producing-record-volumes
116 The company would mainly call upon SLS and FDM

117 Decoration items such as trims are not included in this classification.
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Figure 9: Interfor of a typical vehicle

Source: Szeteiova (2010)

Although some items can be printed with metal (such as in the case of the Bloodhound?!8 vehicle’s steering wheel),
one can note that plastics'!® are also mostly used to print components that are part of the cockpit or cabin. Window
frames and dashboard components are particularly relevant to the use of AM and it appears from the evidence
gathered that the main development tracks concern plastic-based AM and that the proportion of plastics used in
the making of a car is increasing!?’. AM service providers such as Materialise (BE) collaborate with car manufacturers
such as Peugeot to develop new perspectives (see for instance the anechoic components of the Peugeot Fractal
prototype of which 82% of the cockpit was 3D-printed!??).

VALUE CHAIN. The raw materials market is
rather international and fragmented (with a | Figure 10: Main segments of the car interior additive
broader range of powder!?? suppliers); large manufacturing value chain

players can however be identified such as DSM — . .
and ItS SOMOS branch (NL), Evonik (BE) and Research and Technology Organisations performing research on particular segmentsand at
Arkema (FR). The software segment is dominated
by incumbents (also regarding CAD) such as

all levels of the value chain (materials, processes...)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ¥ e

Dassault (FR), Siemens (DE) or Materialise (BE) | Manufacturing of 30- orieinal Eauioment |
who dominates the field of interface software. | " Manufacturers (EOMs) : .
Despite of the competition coming from Japan Provision of raw material i Car Manufacturers | |
and US-based firms (such as Ford, General Additive Manufacturing ¥

Motors!?®* but also AM services and printers Software design Service Providers
providers like Stratasys), Europe developped | - .

some capabilities in regions where main car z

manufacturers are active. Printer manufacturers
such as EOS (DE), ConceptlLaser (DE), Oxojet

(DE) and SLM Solutions'** (DE) are facing

international competition from 3D Systems (US), Stratasys (IL), InJet (US), Matsuura and SOUP (JP), but also RICO
(US) and HP (US). These firms provide car manufacturers such as (PSA and Renault [FR], BMW and Volkswagen

[DE], etc.1%) but also OEMs (Tenecco, Boysen, Faurecia, Edag, Eberspaecher, IAC, Johnson Controls Inc., YANFENG
and Valeo) with devices and expertise to develop their internal AM capabilities.

118 Gee http://www.bloodhoundssc.com/

119 Gee http://www.plastics.gl/automotive/styrenic-polymers-in-automotive-interior-and-exterior/

120 See Szeteiova, 2010

121 Gee http://www.peugeot.com/en/news/fractal-amplifies-the-peugeot-i-cockpit-with-sound

122 Mostly Powder-based solutions are being used in the field, although fused deposition modelling and other techniques are
also mobilised.

123 See http://www.adandp.media/articles/rapid-prototyping-how-its-done-at-gm

124 And for information, for non-plastic components mainly ConceptLaser and Trumpf.

125 Uses could be identified in BMW, Koenigsegg, Peugeot, Renault, Volkswagen, Audi, Porsche, Daimler, KIA, Lamborghini,
Ferrari, Fiat, Volvo, Maserati and their American and Japanese counterparts (Ford, Honda and in particular on additive
manufacturing General Motors).
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Almost all capabilities underlying this value chain can be found in Europe; only the CAD and engineering software
segment could be strengthened (see Box 13) as it is subject to a high level of international competition. One can
note that most capabilities are being developed in Western European regions!2® and in particular German regions
where both automotive and AM capabilities are strong. They still focus on protyping, tooling and to a limited extent
to short series production. Parts and assembly verifications are also under the scope. Development still takes place
in this area as universities and research centres!?’ collaborate with the private sector on the topic. Knowledge

transfers are therefore facilitated, also across

value chains as collaborations are being set up | Box 13: Missing and/or under-developed capabilities in this
between the aeronautic and automotive sectors. value chain include...

Among the few collaboration initiatives identified,

the Vanguard Initiative!?8 is currently supporting | ” The CAD software segment could be strengthened
several joint demonstration projects oriented further; - ) ) )
towards the automotive sector. They are now | >  Capabilities are mainly (if not exclusively)
mainly concerned with  qualification  and concentrated in Western European regions.

standardization, as well as with technical issues such as the efficiency and productivity of AM. Many trends are
foreseen such as the printing of large parts, design verification and engine components!?®, Upcoming trends mainly
encompass hybrid and multi-material printing but also the emergence of new business models such as the one of
LocalMotors (US) who can print a car in 44 hours!3? or Korecologic who develop a green car mainly printed by
Stratasys (IL)31. More speculative trends can be mentioned such as the installation of 3D-printers at car dealership
to produce spare partst32,

BARRIERS AND POLICY IMPLICATIONS. The deployment of AM along this very specific value chain is
constrained by the limited performance of the technology: AM does not allow for scale economies and the printing
of large parts. Technology efficiency is nonetheless a key driver of this value chain. 3D-printed parts remain
expensive when coming to large-scale production and the automation of AM processes is therefore a challenge in
that respect. Moreover, post-processing is required to clean up the parts as the quality of their surface is not
sufficiently good when issued from AM printers. Their durability is also not optimal. Above all, interviewees flagged
the need for more efforts to qualify AM materials and processes as well as appropriate design rules. Together with
the further development of the knowledge and technology under the scope, the development of appropriate
curricula and skilled workforce comes as a priority for this value chain. Last barriers are found in the risk-aversion
and manufacuting conservatism of company and technology managers not used to take advantage of additive
processes. These are to be related to design-related IPR and copyrights which are also seen as a barrier (industry
players fear that designs could be stolen and parts could be reproduced). Among other trends, the sector is now
turning to the printing of leightweight and complex parts but also the development of composite materials and
hybrid manufacturing methods. Multi-material and multi-colour printing is of particular importance to car interior
parts which are visible to car users who are directly in touch with them. In the longer-run, some expect that full-
car printing and mass customization take place. Policy implications can be derived from such analysis of the barriers
and trends to AM deployment across the segments of this value chain.

1. First, public co-funding in R&D should support the qualification of AM!33, New research areas (hybrid
manufacturing, composite materials, large parts printing, etc.) require such support which could take
place at all government levels through collaborative R&D projects and networked infrastructures.

2. Directly linked to the above is the need for co-investment in AM devices and services, for exemple
through adapted taxation schemes (or credits) or other financial incentives but also innovation vouchers.

3. Efforts should also be made to raise awareness and stimulate the demand for AM in the sector by
diffusing information on pros and cons of AM to relevant managers (both corporate and technical ones).
A one-stop website initiated by the European Commission in that respect (even if it would be
externalised afterward) could be an option, together with targeted events.

4. Demand for AM could be stimulated by tools and instruments such as regulation (which impacts the
demand for optimized products, e.g. cars with lower rates of CO2 emission).

126 Flanders, Wallonia, Rhdne-Alpes, Ile-de-France, Auvergne, Piemonte, Lombardy, Emilia Romagna, Angelholm, Vastergétland,
Bohuslan, Catalonia, Schleswig-Holstein, Bavaria, Hesse, Hamburg, Low Saxony and Baden Wiirttemberg.

127 Universities of Milan, Bologna, Salerno, and Padua; the Fraunhofer University, Aachen University, the University of
Disseldorf, the University of Hamburg, and the Zentrum Hannover.

128 See http://www.s3vanguardinitiative.eu/cooperations/high-performance-production-through-3d-printing

129 Source : http://3dprint.com/72358/automotive-bn-dollar-market/

130 Source: http://wardsauto.com/plants-production/your-car-built-you-while-you-wait

131 Gee http://korecologic.com/

132 Gee for instance http://wardsauto.com/dealers/3d-printing-will-change-auto-industry-manufacturers-dealers?page=2

133 Although the use of AM is in this value chain limited to prototyping, there is a lot of interest from designers to bring the
technology to a new level.
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5. IPR enforcement could benefir from an upgrade of IP instances’ information capabilities (the EPO and/or
IPO could for instance be informed by a dedicated observatory to watch over new designs'34).

6. Last but not least, skills and curricula should be developed. The EU could initiate a collaborative process
as to mobilise relevant communities in that respect.

4.2.3 Metallic structural parts for airplane

CONTEXT. Aerospace is a leading sector that spurs the development of AM135 in the search for optimization. Non-
structural components!3¢137 for the interior of the aircraft, jet engine components!3® and structural parts are
currently being printed with AM. AM is therefore relatively mature! in aerospace. AM applications range from
stator rings to fuel injectors (Wimpenny, 2013). AM is also now being explored for activities such as repairing (Allen,
2011) or Maintenance, Repair and Overhaul (MRO) in general. Besides tooling, AM is used for the production of air
parts that are currently flying but the constraints due to regulation and certification make the deployment of AM
relatively slow, also as the sector is driven by long-term planning with a usual 50-year perspective.

SCOPE. Well-known applications in 2012 were for instance turbine blades, physical 3D mock-ups, structured parts
for unmanned aircrafts, customized interiors for business jets & private helicopters, swirlers / fuel injectors, etc.!40
Given the scope of the study, the focus was placed on parts that are structural but close-to-market (not yet
developed on the market). Among the structural applications that are subject to AM, engine components appear to
have reached a second step in market diffusion. OEMs such as General Electrics (US), Rolls-Royce (UK) 14! and
Pratt & Whitney (US) are particularly known for their use of AM for engine components such as fuel nozzles!4%143,144
and are among world-wide leaders in the field. Among other reasons, they make use of AM to make savings on
expensive materials such as titanium. The segment of AM for engine components was however too mature to fall
under the scope of this case study. The area that was the most relevant was the one of structural parts made with
metal AM. This area is concerned with “/arge metallic structures” (Ely, 2015) such as aircraft wings and fuselage
but also smaller parts such as brackets'#> (see Figure 11) and less critical components (empennage, etc.). Iron,
steel and super-alloys are mainly used for such components which can be printed with a broad range of
technologies, from powder-bed to wire-based systems!# (see Ding et Al., 2014) .

Figure 11: AM bionic titanium bracket for the A350 XWB

Source (from left to right): Atip.//www.a350xwb.comy/photo-gallery/ and
http.//www.airbus. comy/presscentre/pressreleases/press-release-detail/detail/printing-the-future-airbus-expands-its-applications-
of-the-revolutionary-additive-layer-manufacturi

13 Examples are  provided in  http://www.tandfonline.com/doi/abs/10.5437/08956308X5705256  and  on
http://ubiquity.acm.org/article.cfm?id=1008537

135 Both industries are indeed early adopters of Additive Manufacturing, in order for instance to speed up prototyping activities.

136 Gee for instance http://www.stratasys.com/industries/aerospace/airbus

137 Gee: http://www.theengineer.co.uk/aerospace-takes-to-additive-manufacturing/)

138 See http://www.forbes.com/sites/timworstall/2013/12/02/both-ge-and-rolls-royce-are-to-use-3d-printing-to-make-jet-
engines-by-violating-enginererings-prime-commandment/#60dde5f968e1

1% See Roland Berger, 2015

140 See Somasekharappa, 2012

41 See for instance their involvement in the AMAZE project supported by the EC (www.amaze-project.eu/ and
http://www.reuters.com/article/norsk-titanium-as-idUSnBw035840a+100+BSW20151203)

42 Source : http://www.gereports.com/post/116402870270/the-faa-cleared-the-first-3d-printed-part-to-fly/

43 Source: http://3dprintingindustry.com/2015/02/19/rolls-royce-to-fly-largest-3d-printed-part-ever-flown/

144 Source : http://www.gereports.com/post/119370423770/jet-engines-with-3d-printed-parts-power-next-gen/

145 See http://www.eos.info/eos airbusgroupinnovationteam aerospace sustainability study

146 Tn this report, the notion of AM system refers to a set of components and techniques that physically print while the notion of
process refers to the steps of manufacturing layer by layer with one or the other technology.
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VALUE CHAIN. This value chain is marked by a very high level of concentration around key OEMs, AM suppliers
and integrators such as Airbus (FR) or Boeing

(US). The key players in this area can therefore be | gire 12: Main segments of the aircraft structural parts

identified quite eaS|_Iy (see for |nstance_ Defense additive manufacturing value chain

1Q, 2016'%). There is a clear concentration of the

aeronautic AM segments in Western Europe and in Research and Technology Organisations performing research on particular segmentsand at
. . all levels of the value chain (materials, processes...)

particular in France, Germany, Italy, and the .

United Kingdom. The main players on the segment Tier 3 Suppliers

of printer manufacturers are located in Germany*® |~ 28—

while the key aeronautic players in demand of AM [ erevision of rew meterias » Tier 12 Suppliers

technologies and services are either located in | 1 !

France, the UK or Germany!%, Even American | Mandacturing of20- . integrators

players (GE, Boeing, Lockheed Martin) are active | : 3

in Europe through their branches in Italy, Northern || software (cAD/systems) y  Addiive Manufasturing

Ireland, and the UK. Players such as SAFRAN (FR), ;
Boeing (US) _and Awerro (branch of _GE in IT),
etc. are working with European companies such as

EOS, Altair, Techspace Aerospace, MTU Aero
Engines (DE)'>, ARCAM AB (SE) and Harcotera (ES) to assimilate and develop AM capabilities. US-based firms such
as Stratasys also collaborate with European integrators like Airbus. In Europe, most segments are found in Western
European regions. France, Germany, Italy, and the United Kingdom are the countries where capabilities are
concentrated. The main players on the segment of printer manufacturers are located in Germany®°! while the key
aeronautic players in demand of AM technologies and services are either located in France, the UK or Germany.
Also Spain and UK-based players now rising thanks to the demonstration of wire-based systems. Although all
capabilities seem to be found in Europe, interviewees pointed at a serious lack of capabilities in terms of powder
supply, and in particular in the fields of aluminum and titanium (fields in which China dominates the world-wide
market, followed by India and North America). One of the particularities of the aeronautic AM value chain is that
integrators and OEMs on a Tier 1 supply level seem to be moving along the value chain. This is the case for example
for some OEMs dealing with raw materials such as GKN through Hoeganaes!>? or Airbus with its Scarmalloy!>3 for
structural applications. Another example is GE that absorbed two AM companies in 2013 — Morris Technologies and
Rapid Quality Manufacturing (RQM)*>%). Different business models can be found, either leading to a concentration
of AM capabilities under a same roof or to a distribution of capabilities across an eco-system that is formed around
one (or more) OEM(s) or integrator(s).

In terms of missing and/or under-
developed capabilities (which are listed in
Box 14), several interviewees referred to
post-processing and in particular “Hot

Box 14. Missing and/or under-developed capabilities in this value
chain include...

isostatic pressing’ as being a missing | > Transformative capabilities to turn high-end materials such as
segment.  Specific to  wire-based titanium and alluminum into powders are missing in Europe;
technologies are also the absence of | » CAD capabilities should be further developed;

software and system commercially | > Non-Destructive Testing (NDT) and broader testing
available. In addition, the availability of capabilities;

materials (whether powder or wire- | » Post-processing (including finishing) capabilities should be
based) is also an issue as it is controlled further strengthened;

by foreign entities. When taking the | » Capabilities are concentrated in Western European regions;
example of powders, one can note that | » Wire-based AM systems and appropriate software capabilities
many companies can deliver classical are currently missing in Europe;

metal powders!®. When coming to | » Hot Isostatic Pressing (HIP).

aluminum, the number of key players is
more restrictive>®, This is also the case for titanium.

147 Survey implemented by Defense IQ and targeting 126 industry professionals.

148 Vastergotland (SE), Staffordshire (UK), Schleswig-Holstein, and Bavaria (DE) for instance when coming to powder-based
technologies; as well as Catalufia and Bedfordshire regarding wire-based systems.

145 Major integrators and OEMs are for instance present in Midi-Pyrénées, Piemonte, Bavaria, Northern Ireland, Rhone Alpes
and Ile-de-France but also Masovian Voivodeship in Poland which stands as an exception.

150 See http://3dprintingindustry.com/2014/08/11/3d-printing-ge-jet-engine/

151 powder-based printer manufacturers are mainly located in Vastergétland in Sweden, Staffordshire in the UK, Schleswig-
Holstein, Bavaria in Germany; Wire-based technologies applied to this area are mainly steered by Cataluiia and Bedfordshire.

152 See http://www.gkn.com/hoeganaes/products/Pages/Additive-Manufacturing.aspx

153 See http://www.technology-licensing.com/etl/int/en/What-we-offer/Technologies-for-licensing/Metallics-and-related-
manufacturing-technologies/Scalmalloy.html

15 Source: Coykendall et Al., 2014

155 For example companies such as Eurasteel EU or Metallo-Chimique N.V. (BE), TLS (DE), LPW (UK), Constellium (NL), Google
(US), ATI (US), AMPS (Australia), Sandvik (SE), H.C. Starck (DE), or Carpenter (US).

1% Aubert et Duval (FR), Valimet (US), TLS (DE), NMD (DE), and ECKA Granuls (DE) were identified by the interviewees.
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OEMs such as GKN (UK) are however developing in-house capabilities in that respect!>”:1>8, Powders are however
not the only form of raw material as also arc wire systems are being developed in Spain and the UK and now going
through demonstration. Companies also propose Electron Beam Melting as an alternative to the Selective Laser
Melting or Sintering options. As a result, German players such as EQS, SLM Solutions and ConceptlLaser and their
European counterparts Renishaw!*?(UK) and Arcam AB (SE) are competing with different arguments. The systems
developed call upon operating software which are sold by a few companies such as Materialise (BE), Stratasys (US)
and NetFabb (DE) dominate the market while the CAD market is more open to international competitors including
Dassault (FR). Tiers 1 and 2 in this value chain are large multinational companies making large investments in AM
(GE for instance invested over $1B in R&D%? to develop, produce and distribute AM fuel nozzles). They collaborate
with printer manufacturers but also AM service providers. This leads the value chain towards more decentralization.
French service providers (Airpro, Polyshape, 3A, FUSIA, Spartacus 3D, Sokaris, PRISMAD, Polyshape, and
Mecachrome) are particularly active in the field. These providers also collaborate with integrators (Airbus, Boeing,
Bombardier!®!, Dassault are the usual suspects)!¢2. Airbus remains a central player in Europe as it developed bionic
titanium brackets!63 for the A350 XWB'%*, Also RTOs are closely collaborating with the aeronautic industry (in
Western European Regions mainly)!®, Collaborations are also existing across value chains are the same companies
active in the aeronautic field have links with both defense and space sectors. Also collaborations between aeronautic
and automotive industries were referred to. Development areas include monitoring, control, large and complex
parts integration.

BARRIERS AND POLICY IMPLICATIONS. Tooling, life-cycle management, and in particular prototyping and
mainstream production are seen as the upcoming fields of use of AM in A&D (Defense IQ, 2016) for a faster
production of larger parts, multi-material printing and printing of embedded parts (Automotive IQ, 2015). Some
interviewees see AM of mechanically loaded parts as a first step. Material-related evolutions towards an increasing
use of composite materials in structural parts in airplanes (as supported by Canaday, 2015) might also be foreseen;
but these developments, should they effectively take place, might take decades. As competition is rising from
China'%® but also from the US regarding the increasing use of polymers and composites (including ceramic-based)
in AM, metals therefore remain the most appropriate type of material for structural parts. Metal AM for structural
aircraft components is however hampered by several factors: the sector is heavily regulated and concerned with
lengthy development plans that might not have foreseen the rise of AM. In addition, knowledge and skills are still
to be improved. As highlighted by interviewees, the need for common standards and further characterization of the
materials and processes should come with better knowledge about the health and security implications of using AM
for production. In addition, AM faces scalability issues which makes the printing of large sizes difficult'®’. In general,
quality and surface finishing are not optimal. Detection, monitoring and control of surfaces are to be developed
further to contribute to reach quality expectations. Moreover, quite critical is the lack of transformation capabilities
in Europe and the availability of high-class, passivated clean powders, including aluminum, magnesium and
titanium?%8 which require high levels of investment. Finally, the lack of streamlined information and insufficient
awareness are critical to help overcome the 3D-printing hype but also to promote the use of AM for where it adds
value. Policy implications were derived from these conclusions and it is possible to point at the need to:

1. Facilitate the access to critical materials (titanium, aluminum, magnesium, etc.) by developing
transformative capabilities. Initiatives at all government levels could be undertaken to support R&D in the
field but also to set up relevant networked infrastructures (pilot production, demonstration, etc.).

2. Support R&D by co-investing in key development areas (material feedstock, quality control, toxicity of the
materials, multi-material printing, hybrid manufacturing, etc.) through cross-regional R&D projects and
networks but also tax incentives (R&D tax credits, etc.).

3. Develop capabilities in testing, finishing, post-treatment, and demonstration. Direct support could be
brought by all levels of government in that regard.

157 Source: http://3dprint.com/59084/tipow-research-collaboration/

1% Source: http://www.gkn.com/media/News/Pages/GKN-Aerospace-commences-collaborative-research-to-create-additive-
material-for-aerospace.aspx

1% Gee http://www.renishaw.com/en/renishaw-supports-uk-government-funded-additive-manufacturing-aerospace-initiative--
27335

160 See http://3dprintingindustry.com/2014/08/11/3d-printing-ge-jet-engine/

161 Airbus and Bombardier are mainly working on the AM of primary structure applications, driven by titanium components used
to join components (of less than 3m) of the structure together (for instance with direct deposition techniques) and the
growing use of composite materials.

62 Besides the usual suspects, Lockheed Martin also acquired Sikorsky in Poland.

163 See  http://www.a350xwb.com/photo-gallery/ and  http://www.airbus.com/presscentre/pressreleases/press-release-
detail/detail/printing-the-future-airbus-expands-its-applications-of-the-revolutionary-additive-layer-manufacturi/

164 The firm also plans to “3D-print around 30 tons of parts monthly by 2018” and involved around 60 employees in about 120
AM projects in Germany (source: Wohlers, 2015).

165 Sgr-Trgndelag, North Rhine-Westphalia, Hamburg - Low Saxony, Bavaria, Hesse, Rhdne-Alpes, South Holland, Ile-de-France,
Veneto, Emilia-Romagna, Bedfordshire and Lancashire.

166 See http://3dprint.com/82169/3d-printed-aircraft-parts/

167 Except for wire-based technologies, AM is only concerned with parts of limited sizes.

18 Titanium 6.4 or titanium aluminide for instance.
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4. Develop new curricula and develop appropriate skills at the level of the European workforce and under
the coordination of the European Union.

5. Streamline standardization efforts at the European level by centralizing most of the on-going processes to
the extent possible.

6. Streamline information in order to develop a repository common to all players of the innovation system
(this could for instance take the form of a permanent and up-to-date website dedicated to AM information
relevant to industry and labelled by the EC services or externalized to a dedicated one-stop-shop).

7. Foster collaborations along and across value chains (for instance linking defense, automotive, space,
aeronautics, transports) on common AM issues. Collaborations could concretize through shared platforms,
networks or collaborative projects on specific applications (structural titanium-based components for
instance) or on specific processes (wire-based AM systems to produce vehicles’ structural parts).

8. Rise awareness across the user community to manage the transition towards AM-inclusive
manufacturing®®. Appropriate events with an EU label could be a reliable option in that respect.

9. Stimulate the development of wire-based technologies by taking advantage of the current demonstration
projects. Support to cross-regional pilot production and demonstration projects and facilities would
therefore be welcome in that respect.

10. Stimulate demand for AM in the sector, for instance through policy tools and instruments such as
regulation.

4.2.4 Inert and hard implants

CONTEXT. AM is known in the field of healthcare for its customization and optimization potential (Ventole, 2014).
The top three of the most promising markets for additive manufacturing identified in healthcare are Additive
Manufactured organs (estimation of 3 billion dollar market in 2025), personalized implants (estimation of 30 billion
dollar market in 2025) and printed medicines'’®, Wohlers (2015) estimates that the Food and Drug Administration
(FDA) has already provided clearance for more than 20 different additive manufacturing medical implants. It
concerns, among others, cranial implants, hip, knee and spinal implants. Of the acetabular (hip cup) implants,
already 100,000 units have been produced, of which about 50,000 have been implanted into patients (Wohlers,
2015).

SCOPE. Inert and hart implants are divided into three main categories: Orthopedic, cranio-maxillofacial and dental

implants. As dental implants are considered to be a mature market'”!, the first two sub-areas were retained for this

case study. The case therefore encompasses the following two types of applications (see also Figure 13):

> An orthopedic implant is a device surgically placed into the body designed to restore function by replacing
or reinforcing a damaged structure. There are different types of orthopedic implants: Hip, should and knee.
A hip implant consists of the following three parts: the acetabular cup, the femoral component, and the
articular interface. Acetabular cups are very often printed and placed in the hip socket (acetabulum). The
lattice structure improves osseointegration172.

> Cranio-maxillofacial implants are used during cranio-maxillofacial surgery which refers to a procedure used
for the treatment of severely injured cranial or facial bones173. Cranio-maxillofacial implants are thus used
for facial and skull reconstructions.

Figure 13: From left to right, a) a custom cranio-Maxillofacial implant and b) an acetabular cup with lattice
structure

Source: Arcami7#

169 Tt has been acknowledged by the interviewees that the use of AM was not optimal and that particular corporate levels in large
user organisations are subject to organisational conservatism — slowing down the speed of diffusion of AM.

170 http://www.fabulous.com.co/blog/2015/11/impression-3d-medecine-medical-sante-quel-marche/

71 EOS indicates that their additive manufacturing equipment already produces more than 5 million metal copings, which are
used to produce crowns and bridges, every year (Wohlers, 2015).

172 https://scrivito-public-cdn.s3-eu-west-
1.amazonaws.com/eos/public/b674141e654eb94c/c5240ec3f487106801eb6963b578f75e/medicalbrochure.pdf

173 Transparancy market Research: Press Releases
http://www.transparencymarketresearch.com/pressrelease/craniomaxillofacial-implants-market.htm

174 http://www.arcam.com/solutions/orthopedic-implants/
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There are different categories of additive materials: polymers, metals, ceramics and biological cells. Overall, the
two major categories of additive materials are polymers (incl. polyetheretherketone or PEEK, a material resistant
to simulated in vivo degradation, including damage caused by liquid exposure'’®) and metals such as titanium or
cobalt-chrome alloys (Wohlers, 2015). AM usually allows for complex and customized implants. With some materials
the porous nature of the additive manufactured implant also allows the bone to grow into the implant which creates
a natural bond with the body!7®.

VALUE CHAIN. The application area therefore focuses on orthopaedic and cranio-maxillofacial implants and
underlying segments of the inert and hard implants value chain. In Europe, the important actors involved in the
3D-printing of such applications are mainly located in EU15. Eastern European actors are often involved in only one
segment of the value chain whereas several companies in EU15 are involved in multiple segments among which
3D- scanning (which is not a segment found in all value chains but is of main importance for this set of applications).
From the side of scanning CT (computed tomography) scan is used most frequently. For soft tissue structures and
cartilage, magnetic resonance imaging (MRI) is often applied. A broad range of EU incumbents can be found on
this segment. The software segment is however dominated by Materialise (BE) and 3D-Systems (US) who develop
both interface and CAD capabilities. Companies such as ARCAM (SE), EOS (DE) and Optemec (US) usually provide
metal powders while Oxford Performance Materials (UK), EOS (DE) and Stratasys (IL) provide polymers (incl.
PEEK).

3D-printers from companies such as 3Dsystems (US) via its Layerwise branch in Belgium, Stratasys (IL),
EnvisionTEC (DE), Renishaw (UK) and Arcam (SE) are used to manufacture such implants in Europe. They also act
like service providers and compete with companies such as Materialise (BE)!”7 active in the area via Mobelifel’s,
Some smaller companies focus on the customized implant market (e.g Xilloc, NL) and provide hospitals and AM
service providers with services. Large orthopedic companies are technology followers and combine traditional and
additive forms of manufacturing for large-scale production. These are Johnson and Johnson (US), Stryker (US) and
Zimmer Biomed (CH), Oxford Performance Materials (US), Smith and Nephews (US)!”° and Medacta (CH).

At the very end of the chain, implants are provided
to the hospitals where the surgeons implant them
in a patient and who decides whether to go or not
for a 3D-printed implant. Hospitals are also
collaborating ~ with ~ RTOs!8,  themselves
collaborating with industry on material, medical

Figure 14: Main segments of the hard and inert implant
additive manufacturing value chain

Research and Technology Organisations performing research on particular segments and at all levels
of the value chain (materials, processes...)

imaging as well as AM systems.

When considering other value chains, connections
are mainly found at the level of AM service and
printer suppliers who are also active in areas such
as aerospace, healthcare, automotive and where
similar materials (PEEK for instance) are being

Manufacturing of 3D-
Printers

Provision of raw material Health

Additive Manufacturing ealthcare

> N N consumers,
Service Providers

3D-scanning surgeons, hospitals

Software design

researched. In the near future (5 years), it is :
expected that the use of biodegradable material :

will overcome the testing phase. The printing of
biological cells or Bioprinting is expected to

develop until (within 20+ years) organs can be printed. A more speculative expectation is that implants or organs
will in the future be printed in the human body during surgery (i.e. in situ printing). The in situ bioprinting for the
reparation of external organs such as skin, has already occurred!®. Import for the evolution in in situ bioprinting
might be the advancements in robotic bioprinters and robot-assisted surgery. The key markets in global 3D-printing
in medical applications are Europe, North America and Asia Pacific. North America was the dominant market in
2012 but economic conditions in Europe are more conductive, stimulating market growth, and possibly allowing
Europe to surpass North America by 2019182 (Transparence Market Research, 2015).

175 Kurtz, S.M. and J.N. Devine (2007) PEEK materials in Trauma, Orthopedic and spinal implants. Biomaterials; 28(32): 4845-
4869.

176 http://3dprint.com/12253/3d-printed-vertebra/

177 3D-printing in medical applications market (medical implants, surgical guides, surgical instruments, bio-engineered products)

— global industry analysis, size, share, growth, trends and forecast. Transparency Market Research. September 15%, 2015.

http://biomedical.materialise.com/cases/3d-printed-hip-puts-teenager-back-her-feet

http://www.smith-nephew.com/about-us/what-we-do/orthopaedic-reconstruction/

180 NewCastle University, Warwick University, Loughborough university, Nottingham University (UK), KU Leuven (BE) as well as

in Germany, Italy, Spain, France.

Ozbolat IT, Yu Y. Bioprinting towards organ fabriation: challenges and future trends. IEEE Trans Biomed Eng, 2013;60(3):

691-699.

http://www.medgadget.com/2015/09/3d-printing-in-medical-applications-market-future-trends-and-forecast.html
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Current capabilities for the present application area are concentrated in Western European regions where players
such as Materialise (Flanders), SIRRIS (Wallonia), Layerwise (3DS branch in Flanders) collaborate with more
classical incumbents like Medicrea83 (Rhone-Alpes) or large healthcare players such as the ones listed in the above
sub-section. Denmark, France, Italy, Spain, the Netherlands and the United Kingdom are the main countries where
capabilities were found. While system manufacturing capabilities are found in Sweden!®* or Germany (Bavaria for
instance!8>), service providers and RTOs are also found in Asturias, Emilia Romagna, Flanders and Wallonia. Also
American players are involved (such as Shapeways, founded in the Netherlands and with offices in Eindhoven but
headquarted in New York).

BARRIERS AND POLICY IMPLICATIONS. Users are quite important for this value chain as they remain a
bottleneck to the adoption of AM. The ability to produce customized implants is important in orthopedics as surgeons
do not need to perform bone graft surgeries or use scalpels and drills to make the implant fit. Customized implants
allow for less adjustments of the implant during surgery, shorter surgery times and less follow-up surgeries. Barriers
to the further uptake and deployment of AM remain however. The regulatory framework together with uncertainties
regarding the certification of (customized) implants hamper the deployment of AM whether the implant is standard
or customized (and therefore subject to different procedures). A first step in the improvement of the regulatory
framework is information flow. There is overall still a lot of uncertainty with respect to the steps to certification in
Europe. In the US, the FDA is in charge of approval of medical devices and it seems to be clear which steps
companies have to take in order to get an FDA’s 510(k) approval. Not all companies in Europe are well informed
about the certification conditions/requirements.

Also IPR and more specifically the “ownership” of
a design is seen as a possible challenge for the
future. But technical isssues remain in

the first place: e.g. the quality of relevant

Box 15: Missing and/or under-developed capabilities in this
value chain include...

materials, the userfriendliness of the 3D-printers, | » Capabilities are mainly concentrated in Western
the complex design phase etc.. The knowledge on European regions;

the (quality of) materials in particular are | » Software (incl. simulation/modeling) capabilities
perceived as a missing capability Europe (see Box should be further strengthened in the sense of
25). Research with respect to the porosity and customisation.

strength of the material needs to be stimulated.
Such development goes hand in hand with the right (multidisciplinary) skills and technology development (including
R&D/characterisation and standards) to improve the strength and size of the products under the scope and shorten
the digital design phase. Finally, surgeons and hospital managers are not enough aware of the benefits of AM.
These barriers lead to several policy implications, which are the following:

1. Certification processes with respect to the production and use of inert and hard implants should be
streamlined at both national and European levels.

2. IPR enforcement (for e.g. design) is necessary to reduce the risk-avoiding behaviour of most companies
from the traditional implant market. Harmonisation at the national and European level is necessary

3. (multidisciplinary) Skills and appropriate training/education should be developed (at national level, with
EU coordination to obtain a level of harmony and diversity between Member States)

4. (multidisciplinary) collaborative R&D support is required to foster the development of areas where there
are still some missing capabilities and/or future/emerging areas such as biodegradable materials, material
properties, diagnostics and sensoring, etc., this at all government levels.

5. Awareness should be raised and information streamlined and diffused to surgeons and hospital managers
at the EU level. Relevant target groups are doctors, patients, healthinsurance (with respect to
reimbursement) and government institutions (institutes for healthinsurance).

18 Medicrea is a French company that specializes in the design, development, manufacturing and distribution of orthopedic

implants dedicated to spinal surgery. See http://3dprint.com/8821/3d-print-spinal-cage/ .
See http://www.arcam.com/solutions/orthopedic-implants/
See for instance http://www.eos.info/industries markets/medical/orthopaedic technology
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4.2.5 Metal AM for injection Molding

CONTEXT. The machinery and tooling sector was particularly hit by the 2008 financial crisis and currentl suffers
from a weak internal consumption in Europe and a declining position world-wide, while Asia —and China in
particular— is on the rise (Geerts, 2013). According to CECIMO!8¢, in 2014 the European machine tool production
recorded growth and reached to 23.1 billion euros'®’. The volatility in the industry is due to its position on different
value chains. Major countries for the machinery and tooling industry are Germany, Italy and Switzerland. Europe
occupies an important position in the sector, although China and Japan also occupy a dominant position (with
respectively 22% and 19% of the global machine tools production share in 2014). 80% of CECIMO's production is
exported with 46% of exports outside Europe!88,

SCOPE. The sector also covers AM and counts with companies involved in both AM and the production of other
industrial machines. This case is however focused on on the tools used in the manufacturing process and not on
machines. The additive manufacturing of tools correspond to “secondary services"'® and cover “tooling produced
from AM patterns, tooling components produced directly using AM, and molded parts and castings produced from
this tooling' (Wohlers, 2015). Tools such as molds, casts and dies can be defined by their use (while tools are used
to cut and form materials for instance, dies are used in forging as to shape metal. Although CNC remains more
cost-effective, AM is being increasingly used for tooling, including when coming to print molds, castings and
patterns. AM was however mainly developed for molds. Only few cases of cores and patterns could be identified .
AM is used where it adds most value e.g. where small (or even unitary) series are to be produced, and where
technical challenges require the use of a non-traditional technology. It is therefore of particular interest for the
molding industry where inserts are printed with AM and then added on the molds. One of the main advantages of
AM in the field of molding is related to conformal cooling!®! (see Figure 15) to improve technical characteristics and
reduce cycle times: with AM, there is no need to dig straight holes in steel molds as it is now possible to optimized
cooling channels in molds that are printed with Maraging steel'®2 or other metals for instance.

Figure 15: Conformal cooling channels

-

Source form left to right: Melotte’*? and P6le Européen Plasturgie?*

The focus was placed on metal AM for injection molding, as it is a mature area where AM is not fully deployed yet
but is seen as a great deal of promises!®>. AM molds are more expensive to make, but these molds are far more
efficient and therefore lead to savings. They are usually made of metal (aluminum, etc.). Other areas (die casting,
sand casting, blow molding, compression molding) under the scope are either concerned with a too early
development stage of AM or/and less leverage potential. Injection molding is an area where AM can have a
disruptive potential, also with regard to other molding segments which are shrinking as companies turn to injection
molding. It is a fast-growing area where AM shows an intermediary level of penetration.

18 CECIMO represents 15 national associations of machine tool builders, “over 1400 industrial enterprises(...)approximately
80% of which are SMEs. CECIMO covers more than 98% of total machine tool production in Europe and about 39%
worldwide. It accounts for over 150,000 employees globally.” (Source: http://www.cecimo.eu/site/the-industry/data-
statistics/latest-trends/)

87 Source : http://www.cecimo.eu/site/the-industry/data-statistics/latest-trends/

188 Geerts, 2013; and CECIMO, http://www.cecimo.eu/site/the-industry/data-statistics/latest-trends/

189 Secondary market includes additive manufactured tools and related products produced with these tools.

190 See the soluble cores proposed by Stratasys (http://www.stratasys.com/solutions/additive-manufacturing/tooling/soluble-
cores) and the offer from the Richland Center Foundry (http://www.rcfoundry.com/iron-casting-expertise/industrial-
additive-manufacturing) for instance;

1 Tt allows to make molds more efficient thanks to conformal cooling and the diminution of cycle times (by 50% in some
cases). See http://www.melotte.be/en/3d-metal-printing/reference/conformal-cooling

192 Tron alloy with superior strength — see for instance http://www.imoa.info/molybdenum-uses/molybdenum-grade-alloy-
steels-irons/maraging-steels.php

193 See http://www.melotte.be/en/3d-metal-printing/reference/conformal-cooling

194 http://www.poleplasturgie.net/presentation-du-
pep.html?file=pep/documents/plaquettes/Procedes%20et%200utillages%20-%20Conformal%20Cooling.pdf

195 Although the aforementioned casting techniques are concerned with limited series, molding techniques can have a leverage
effect in large production series. Injection molding in particular is indeed used for large-scale production.
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Metal-based AM technologies such as fused metal deposition (FDM1%) or Selective Laser Melting (SLM) of inox or
Maraging but also Selective Laser Sintering!?” are the main technologies used in this value chain as they are the
only ones providing a good enough level of granularity.

VALUE CHAIN. Many companies are active in this
area. They very often combine AM with more
traditional manufacturing methods (CNC, etc.). In
Europe AM is particularly used by companies
active in Western European regions, most likely
because relevant AM capabilities are mainly
concentrated in these countries'®®. The value
chain is heterogenous and subject to a very high
level of fragmentation as most companies are
small (and even micro-)companies. These
companies are active across a broad range of
value chains and sectors, from car manufacturing

Figure 16: Main segments of the injection molds additive

manufacturing value chain

Research and Technology performing research on particular
segments and at all levels of the value chain (materials, processes...)

Manufacturing of 3D- " Mold makers
Printers
. ]
End users (OEMs and
» integrators) from multiple
sectors

Provision of materials

Software design . Additive Manufacturing
Service Providers

to the quality control of agro-food products.
Printer manufacturers (EOS, Trumpf, Concept
Laser, etc.)'* supply both mold making and end-user industries. The same goes for service providers like Melotte
and Materialise (Flanders). All face competition from US-based and Japanese providers (3DS2%, Stratasys and
ExOne from the US; and DMG MORI as well as KEYEMCE from Japan) who offer hybrid systems. They play a
facilitating role in the process of adoption of AM in these two segments of the value chain, similar to the one plaid
by service providers?0?,

RTOs and in particular technical centers?®? are also key enablers in that regard: they provide SMEs with relevant
support to demonstrate the value of AM and foster its discovery but also the development of capabilities in
companies when relevant. They are of main importance to SMEs who do not have the skills and financial capabilities
to acquire and run 3D-printers, but are also perceived as competitors as they collaborate with larger OEMs and
integrators who are the historical clients of mold-makers. In general, mold-making companies are at an early stage
of adoption, and only lead users manage to test and acquire AM. However, large end-users such as EOMs or
integrators (car manufacturers, main airplane manufacturers, etc.) are also using AM and are currently integrating
the complete process in-house. Pentagon Plastics in the UK293 or Schneider International?®* are examples of
companies who developed AM capabilities. Pre-series for large scale productions is the subject of many requests
received by service providers2%. The pre-series production is an important business area for the service providers
producing between 10 000 and 20 000 parts. Other companies such as Lego (DK), Unilever (UK, IT), Rowenta (DE),
IKEA (NL), Berker (DE), L'Oréal and nestlé (FR) make use of metal molds. Raw materials to print the mold inserts
are provided by a large panel of providers as different kinds of metals can be used (from maraging to aluminum)
by global players such as Erasteel and GKN (North Rhine-Westphalia), Sandvik (Flanders), Hoganas (Skane), and
LPW (Cheshire); or North America?’®. When paying attention to the software segment, one can notice that European
players such as Dassault (FR) or Altair (DE), Netfabb (DE), and Materialise (BE) hold a central position but still face
competition from US-based firms (Moldex3D, Stratasys, etc.). The value chain is now subject to potential major
changes: with AM, OEMs and integrators can print their own molds; they can also develop in-house AM capabilities.
A complete substitution of AM to traditional mold-making techniques could be possible when traditional techniques
are not cost-efficient anymore compared to what AM can offer. A clear concentration is however formed in the

1% Which stands for Fused Deposition Modelling

197 Other techniques can be mobilised to fabricate plastic-based molds in specific cases such as what Stratasys (US) or OMEGA
Plastics (UK) do (see http://www.omegaplastics.com/our-technology/); they however represent a much narrower part of the
industry under the scope in Europe.

1% Besides well-known providers such as 3DS (US), Stratasys (IL), EOS (DE), Renishaw (UK), or Voxellet (DE), Schneider
Prototyping and MK Technology GmbH (DE), Pentagon Plastics and Omega Plastics (UK), CA Models (Scotland) and Laser
Prototypes Europe (Northern Ireland) are examples that can be found on http://wohlersassociates.com/index.html

199 HK 3D (3DS, Warwickshire), Renishaw (Staffordshire), SLM-Solutions (Schleswig-Holstein), EOS (Bavaria), Voxeljet (Bavaria),
ExOne (Bavaria), ConceptLaser (Bavaria), Protolabs (Baden-Wiirttemberg), 3DS through Phenix Systems (Auvergne) and its
UK-based HK 3D branch

200 Through its Phenix Systems branch in Auvergne (FR) and its partnership with HK 3D in Warwickshire (UK)

201 Pprotolabs (present in several EU countries) has for instance its EU headquarters in Mosbach (DE). Other companies like
Melotte (BE), Brugges Raytech (BE), Layerwise (BE, now 3DS), CA Models SL (Scotland), MK Technology GmbH (DE), and
Laser Prototypes Europe SL (Ireland), FIT (Bavaria),Initial and Shapeways (both Gorgé, Rhone Alpes and Ile-de-France).

202 Sintef (NO), Fraunhofer (DE), TNO (NL), Ecole des Mines (FR), the Universities of Munich, Dusseldorf, and Freiburg (DE),
the University of Zurich (CH), The von Karman Institute for Fluid Dynamics (BE), the Laboratoire IRTES LERMPS (FR), CETIM
(FR), PEP (European Pole of Plasturgy, FR), the Technological Centre for Mouldmaking, Special Tooling and Plastic Industries
(CENTIMFE, PT), VTT Technical Centre of Finland (FI) as well as the Brno University.

203 See http://www.pentagonplastics.co.uk/uk-mould-tools/

204 See http://www.schneider-prototyping.co.uk/company.html

205 FIT in Nuremberg for example, is mainly active in producing molds and pre-series’ parts for the automotive industry. Also
Polyshape (now Gorgé, FR) produces pre-series of plastic clips via AM-built molds.

206 A longer list could include Eurotungstene (FR), Erasteel (DE), LSN Diffusion (UK), ATI — Specialty Metal Supplier (US), Sandvik
(SE), LPW (UK), Metalysis (UK), Advanced Powders & Coatings (AP&C) (CA), TLS Technik (DE), Nanosteel (US), Carpenter
(US), CVMR Corporation (US), Plansee (AU) and GKN (UK)
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value chain at the level of 3D-printer manufacturers. These manufacturers are currently disrupting the value chain
for instance by providing companies with printers that allow for conformal cooling.

BARRIERS AND POLICY IMPLICATIONS. When considering current and emerging trends, several
developments can be mentioned. Particular applications are visible in the automotive sector where thermal
exchangers, light components, and new solutions for gearbox are among the molded components where AM could
add value in the coming 5 years. Also the packaging sector is concerned with very large series. AM-enabled molds
might therefore have a significant leverage effect on this sector. This sectorial dimension is important as the
bargaining power is concentrated in segments down the value chain: users (and not suppliers) are usually steering
innovation through their demand and product
specifications. From a technical viewpoint the
development of hybrid systems but also new | Box 16. Missing andy/or under-developed capabilities in this
materials are key: thermo-plastics injection value chain include...

molding is in that respect the main sub-sector able
to innovate and steer change in the industry. It is
also where AM is most developed for injection
molding. Pre-series production and prototype
molds but also the development of fully digital
solutions are emerging areas to become key in the
near future.

> Transformative capabilities in high-end powders;

> AM Supply capabilities are mainly concentrated in
Western European regions and the users are part of
a scattered landscape;

> Software capabilities could be further strengthened
to face international competition.

Still barriers face the deployment of AM along this value chain. Printers and related powders remain expensive and
SMEs have no or little (financial/HR) capacity to buy and use AM. Their access to AM is therefore insufficient. This
situation is not eased by AM system manufacturers who struggle to meet the growing demand for printers and are
not yet fully competing on prices. In addition the mold-making industry is rather culturally conservative and lacks
of AM awareness. Demonstration activities were particularly pointed as a weak point of Europe to convince
companies that AM brings value to mold inserts. This also goes through a skilled workforce: multi-disciplinary
curricula are still to be developed in that regard. Knowledge can also be seen at the level of the technology: AM is
subject to technical limitations (cleaning of cooling channels, printing of large molds, precision and surface finishing,
etc.). This calls for further qualification but also further certification of AM processes and materials as well as further
research. Regarding materials, the transformative capabilities (players able to turn certain metals into powders)
are said to be under-developped in Europe (see Box 16). Moreover, a few players are standing as bottlenecks in
the field of metal powders2?’. Also competition issues were spotted: mold-makers are afraid that software and
service providers but also OEMs and RTOs steal their designs or replace them on their segment of activity. As client
companies (OEMs and integrators) also develop internal AM capabilities and SMEs have little bargaining power, the
latter bear the cost of AM. Threats also arise from foreign economies and the field of plastics and composite
materials. Policy implications to be addressed by public authorities are therefore as follows:

1. Co-investment in AM is required to compensate for the high costs of AM. Schemes to foster the access of
SMEs to relevant AM capabilities (through innovation vouchers for instance) are deemed relevant in that
respect.

2. Information diffusion and awareness raising activities should be implemented to support the adoption of
AM in the sector and in order to foster the success of demonstration support needed to facilitate the
adoption of AM (especially by SMEs).

3. Support should be brought the development of transformative capabilities in key powder fields such as
titanium and aluminum. This implies to facilitate the access to market intelligence and business
development conditions, co-invest in relevant activities (transformative technologies for instance),
accelerate the qualification and standardisation of powders and other forms of AM materials, but also
develop collaborative approaches to qualification and explore new perspectives such as urban mining.

4. Cross-regional demonstration activities should be supported as well as joint actions and collaborations
among exising actors, whether on a case-by-case basis or through (a) one-stop-shop(s). This would allow
a better connection between supply and demand as well as to flow knowledge and network towards
Eastern European regions.

5. In addition, support is to be brought to emerging areas (multi-material printing, digital design — and in
particular numerical simulation, hybrid manufacturing, etc.) for which R&D support is missing and which
could take the form of cross-regional collaborative R&D projects and networks.

6. Skills and curricula should be developed in a multi-disciplinary fashion under the supervision of the
European Commission.

7. IPR are not a barrier as such, but could support the deployment of AM along this value chain. IPR regimes
should be enforced in view of possible growing infrangements and in the first place ensure that SMEs are
confident to use AM, with particular attention to be paid to design patents and copyrights linked to original
molds and parts that could be reproduced.

8. Awareness should be raised across mold-makers but also users (OEMs and integrators) and depending on
the value chain consumers who constitute the demand side of the value chain. Web-based channels and
dedicated events could be a viable option in that regard.

207 e.g a printer manufacturer conditioning the use of its printers to the use of its powders.
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4.2.6 Spare parts for machines

CONTEXT. The machinery industry is historically connected to a broad range of sectors?®. Despite of the
competition rising from Asia2®® CECIMO’s countries?!® reached a €23.1 billion production output in 2014, with
Germany, Italy and Switzerland in leading positions?!t. AM is a growing?'2 sub-sector?!? of the machinery and tooling
sector. It has therefore particular ties with the broader machinery area. According to Wohlers (2015), 17.5% of AM
systems is sold to players involved in the sector of industrial and business machines. Although it remains a small
industry compared to the overall €60B machine tool market, it is expected that the AM market grows exponentially
in the coming ten years?*. AM is in general expected to make existing supply chains more efficient by reducing
inventories and spare parts, allowing for localized and on-demand production (GAO, 2015) which also applies to
the machinery sector. Industrial machines can indeed be expensive and crucial to production processes.

SCOPE. The AM of spare parts is a topic that was researched in a number of areas such as Aerospace, Automotive
and Military2!>, in some cases with substential support from FP funding?!¢. However, in most cases the focus was
on the production of parts for end products and not spare parts for machines. Also companies like Siemens (DE)
and GE (US) mobilise AM for the production of spare parts of domestic appliances or gas turbines (De Wever, 2015)
in collaboration with printer manufacturers such as EOS (DE). In addition to spare parts for other end products, AM
of spare parts for machines is also promising. In the US for example, inventories are currently estimated to stand
at $1.7 trillion or 10% of the American GDP (Source: Graham Tromans in CECIMO, 2015). The area selected during
the first phase of this project is entitled “Spare parts for machines (e.g. gears, housings, buttons, and fasteners)”
(see Figure 17) and has a strong potential for cross-value chain impacts.

Figure 17: Machine gears, housings, buttons and fasteners
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It has however not been possible to narrow down the scope of the area due to a lack of information concerning
applications that have really be tested in practice. No case of AM of the elements under the scope of this case could
be found by the team that showed a level of satisfactory level of maturation. The area was therefore broadened
again to spare parts for machines. This encompassed a broad range of possible parts. From the literature review
and interviews, only a few experiences could however be reported that are mainly to be associated with a stage of
experimentation, rather than effective use aiming to turn the current supply chain(s) into more efficient chains.
There is no main reference framework dedicated to the categorization of spare parts for machines. Machines
however encompass a number of components (most of them recurrent) for which spares can be needed??!. A broad
range of parts could therefore virtually fall under the scope of this case study, whether plastic or metallic parts, or
whether mechanical elements???, structural elements?2 or elements used to control the machine process??4. Among
these elements, both “repairables” (repairable parts, usually modular) and “consumables” (parts that do not last)
could benefit from AM as AM could be mobilized either to replace failing parts or produce replenishment spares.
AM could also lead to distributed manufacturing (Figure 18) of spares. Although the specific elements under the

208 Gource : Vieweg et Al., 2012

209 Main Asian competitors include China (with 22% of production share) and Japan (19%) followed by South Korea (7%) and
Taiwan (6%). United States and Canada only share a small share of the world-wide production (respectively 6% and 1%).

210 CECIMO represents national federations from 15 EU countries, covers more than 99% of the total machine tool production
in Europe and 30% worldwide and accounts for about 1500 companies among which more than 80% are SMEs fir almst 150
000 employees (See http://www.cecimo.eu/site/about-us/).

211 Gee http://www.cecimo.eu/site/the-industry/data-statistics/latest-trends/

212 AM grew by 20% between 2004 and 2014 and grew by 30% between 2010 and 2014 (Roland Berger, 2015).

213 About 30% of the AM market covers machines (including system upgrades and aftermarket services), while about 50%
concerns services and about 20% materials. See Roland Berger, 2015

214 Gource: Roland Berger, 2015

215 Aot of research is being conducted in the United States on the on-site use of AM to produce spares directed to military or
space uses — see for instance Khajavi et Al. (2014) and NASA (2015).

216 Gee http://www.materialise.com/cases/bringing-back-the-spirit-of-a-classic-sports-car and www.direct-spare.eu

217 See http://www.industrialgears.in/blog/applications-of-different-industrial-gears/

218 See http://kabelschlepp.de/en/products/machine-housings/index.html

219 See http://machinerysafety101.com/2009/03/06/emergency-stop-whats-so-confusing-about-that/

20 See http://www.melfast.com/blog/2014/11/how-to-determine-what-fastener-types-to-use-for-industrial-machine-
construction/

21 Ppinions and gears, pipes, helical shafts, sprockets, but also clutches, drag brakes, slip couplings, electric motors and controls,
machine frames, welded joints, fasteners, etc.

222 Without which the machine cannot function — such as gear trains or clutches.

23 Axles and fasteners for instance.

24 Buttons, sensors, etc.
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scope (gears, housings, buttons, and fasteners) were not subject to AM, other machine parts were tested by
different organisations as to prove the potential of AM. These cases however remain at a low maturity level as they
mainly consist in researching and testing.

VALUE CHAIN. The value chain under the scope
does not exist yet and is s_Iowa emerging. Only key Figure 18: Turning to efficient and distributed manufacturing
platforms seem Only isolated cases could be
identified, mainly steered under the seal of secrecy M Moncaeing
in large multinational firms. AM is seen as a
differentiating technology and most companies do iy seee soee
not disclose any information about their use of AM _ - o s \
for machines. It was however possible to identify T > O Locefized Production
the Baden-Wiirttemberg, Dutch North Brabant and Components [ ecsccosscoccsane
Flanders as key regions for this value chain though Assembly of Parts o
they are at an exploration phase. All industries and Components VARY M H||| h HH
oriented toward mass production and making use Retailer or ee000000 g 55000000000000
of heavy machinery are however potential plroutien eeeeesee _
Source: Douglas and Gilbert, 2014

beneficiaries of AM. Expensive machines?® (such
as to press metal sheets) are indeed expected to function for decades, making the access to spares potentially
difficult as the provider might stop its product line or get bankrupt. AtlasCopCo (NL) made public its investigation
about AM applications226 and related savings while using a VILZ7 methodology (see Corne, 2015). The simulation
shows in some cases cost reductions of about 35% but a limited potential for metal AM which is perceived as too
expensive. A case opportunity cost was however identified regarding the AM of brass couplings for which suppliers
have stopped production and for which replacement imply the replacement of the pipes on the related compressor
(and therefore a high service cost). In some cases, the use of AM for spare parts would lead to a maintenance time
reduction of 90%: this is the case of Siemens’ burner tips for use as replacement parts in gas turbines that are
being manufactured by AM. Other components under scope, such as “sparovation parts” (Huber, 2015) are part of
the services provided by Siemens??8 as an AM spare part provision service.

In the field of machining solutions, ASML claims to have 30 parts in AM production and demonstrated a 90%
reduction of disturbances in PEEK and titanium components thanks to AM, with and thermal control improvements
on conditioning rings by 6 times together with better dynamics improved by 15% (Loncke, 2015). In the
packaging industry, IMA.it collaborates with BC and came to the conclusion that the focus should be put on non-
precision constrained machine parts. This investigation also demonstrated the potential of delocalized production
of spares to reduce the costs associated to logistics. Despite of the secrecy and early development stage of this
area, companies??® were however identified by the interviewees as companies researching or presenting an interest
for AM. These companies are most likely to collaborate with leading printer manufacturersz®, Also service providers
are important as they support industrial players in the acquisition of technological capabilities and relevant
knowledge to operate AM. Melotte (BE) and Layerwise (BE) are two examples from Belgium. The most visible case
remains however the one of Materialise who collaborated with Schunk (DE)?3! on a platform to produce and deliver
AM gripper fingers that require particular geometries and of which most are no longer available in stocks (Schunk
Greifer, 2015). In the automotive field, Volvo Truck (located in Rhone-Alpes, FR, and not SE), Koenigsegg (SE),
BMW (DE), the Blok Group (NL), Concept Laser, Landré?3? (NL), Eriks (NL), and Carglass (FR) are exploring this
issue (and some of them most likely already using) AM for spare parts. In the equipment manufacturing industry
Sandvick Coromant (SE), SECO Tools (SE), AtlasCopCo and Mapal are developing applications already. Overall,
specific cases can be found but also possibilities to order spare parts from platforms managed by companies such
as shapeways, Sculpteo, Thingiverse. EOS (DE), Layerwise (BE, now 3DS), Materialise (BE) and Stratasys (IL/US)
were identified as AM suppliers helping companies printing spare parts. This leads to the conclusion that from an
AM supply point of view Western European regions are still on the forefront of this area together with American
players.

225 However one should bear in mind the fact that the machine is expensive does not mean that the part(s) to be replaced will
be more or less expensive.

226 Such as coolers for instance that require re-engineering costs.

227 See http://vil.be/

28 See http://www.mobility.siemens.com/mobility/global/en/services/spare-part-services/pages/spare-part-services.aspx

29 Nestlé (FR), Tetrapack (SE), Picanol (BE), Krones AG (DE), Wartsila (SE), COESIA Group (IT), from Emilia Romagna as well
as Sacmi (IT)

230 Such as Trumpf (DE), Renishaw (UK), Concept laser (DE), SLM Solutions (DE), EQS (DE), Phenix Systems (now 3DS, FR),
Fives (FR), ARCAM (SE), Realizer (holder of the SLM technology license together with FhG, DE) Stratasys (which is currently
the only manufacturer of a multi-material and multi-color printer, US) but also producers of hybrid systems such as DMG
MORI (JAP) and Mazak (JAP)

231 see
http://www.schunk.com/schunk/schunk websites/news/subject of the month.html?article id=25113&country=INT&IngC
ode=EN&IngCode2=EN

22 Source : http://additivemanufacturing.com/2015/08/03/concept-laser-additive-manufacturing-with-a-digital-process-chain-

in-the-blok-group/
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BARRIERS AND POLICY IMPLICATIONS. Parts such as water pumps, separators, air compressors, compellers
and parts of forging machines would be of interest in the short term. Longer-term development tracks include the
optimisation of spare part products already on the market. In the future, on-site hubs and metal workshops might
be put in place, changing distribution patterns and eliminating or changing segments of the current value chain
towards increased distribution. Designs could even be sold instead of parts. AM is therefore expected to reduce
stocks and warehouses, deliveries (no shipping of the spare parts) and related environmental footprint,

replacement/delivery times and wasted parts, and

E:ggﬁggilgn ?ﬁ:f ﬁv:f)ulcrlesc;glslr?t%r g;?ncglftt: tl)rl]"ltt?;jl Box 17: Missing andy/or qng/er—deve/oped capabilities in this
cost of adoption (Khajav et Al., 2013). Although no value chain include...

product-driven value chain could be identified, a | » All the value chain is currently at an early stage of
missing capability was flagged by the research development: no clear supply chain could be
team: finishing and post-processing (see Box 17). identified beyond specific (and/or isolated) cases;
It is indeed known the quality of AM is not However, finishing and post-processing capabilities
sufficient (precision) to produce mechanical parts remain to be developed (surface finition is key to this
without using subtractive methods (polishing, application area).

etc.).

AM also remains expensive and sub-optimal compared to traditional manufacturing techniques and other barriers
to its uptake follow: appropriate skills and curricula clearly come as a critical barrier together with the risk-avoiding
culture of companies from the machinery sector. In addition, one should note that in case spares are available, AM
is not needed. Available parts are therefore a hampering factor, as is the cost of AM which leads company managers
to slow down their investments while expecting to see first returns before continuing to invest. Also, the need for
a clear available distributed network of printers is conceptual at this stage. An issue to solve first would remain the
one of designs availability which is linked to the warranty associated to the machine and to the replicability of the
parts: why would a machine provider only sell its designs and lose production revenues? Finally, one should note
that knowledge about AM materials and processes is clearly lacking. Differences between materials, printing
conditions, as well as the lack of precision of AM are clearly obstacles. Policy implications can therefore be identified:
1. Knowledge should be developed and R&D conducted on all aspects of this area in order to reach a higher
TRL level (closer to commercial deployment and applicable through direct R&D support, collaborative R&D

projects, networks of infrastructures as well as one-stop shops).

a. Materials and post-processing are key development areas under this heading.

b. AMis to be further combined with subtractive methods, for instance in the form of hybrid systems
which are already advanced in countries such as Japan.

a. Collaborations should be promoted between the actors of the innovation quadruple (and why not
quintuple?33) helix?3*, These collaborations could be supported on key topics (whether business
or purely R&D-oriented) and aim towards the development of hybrid systems.

2. Pilot production and demonstration facilities should be set up and supported to allow testing AM in this
area. Support could emanate from:

a. Regional and national authorities funding or supporting existing/new local facilities;

b. The European Union to build upon and connect existing/new facilities at the level of the EU28.

3. Awareness should be raised among company managers through a dedicated website and appropriate
events.

33 Gee http://innovation-entrepreneurship.springeropen.com/articles/10.1186/2192-5372-1-2
234 See https://ec.europa.eu/digital-single-market/en/open-innovation-20
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4.2.7 Lighting and other home decoration products

CONTEXT. The AM of consumer and lifestyle products and in particular home decoration objects is only limited by
size and materials possibilities. The application field under the scope is strongly associated to open sources?3, A
large number of designs including 3D data can be downloaded from 3D-printing community networks such as
3dhubs.com which enable each user at home to create own 3D-printed objects. Many hubs are even put in relation
though the 3D Hubs network?%, Europe shows a relative high share and level of density of these local hubs. The
cities with most printers are New York (400), followed by Los Angeles, and followed by London which has currently
more than 300 3D-printing locations?¥”. Design and printing platforms enable consumers and designers to develop,
produce, and sell their own products.

SCOPE. Examples of most important applications are art objects, vases, sculptures, wall décor, picture frames,
furniture (e.g. chairs, tables), and particularly lamps. Personalization is a very strong issue in this field and 3D-
printed products that is being explored by companies, designers, and customers themselves. The consumer market
for 3D-printed home decoration products is however still a niche. Today, 3D-printing is less than 0,1% of
conventional manufacturing in the total services and products made238. Due to Gartner’s 2015 Hype Cycle report
on 3D-printing, consumable products are the ones with the lowest level of expectation and are still in the stage of
“innovation trigger”. Still, the particularity of this value chain is that it allows for actively involving consumers
develop, produce and sell their own products.

Figure 19: a) "Biophilia” and b) "Pliine Applique” lampshades of sintered polymer; and c&d) Stylized bulbs

Source (from left to right): Gassling, 2015, Attp.//www.gassling.com/; and Exnovo, 2015, htip.//www.exnovo-italia.com

As the consumer printers are not yet fully deployed on the market, this application area is currently represented by
artists and designers who create prototypes for galleries and small series of home products; as well as by networks
and platforms for people to create and print their own (or downloaded) designs. Moreover it is clear that each of
the 3D printed home decoration product types targeted by this case study only represent a very small application
field and is not very mature from both technological and economic points of view?3. Lighting products appear
however to be the most advanced (and diffused) application in the market. These are usually made of polymers
and/or composite materials. AM is valuable for lamps as it allows for new shapes and visual effects.

VALUE CHAIN. Despite of the

well-known large  companies
involved in AM, few key players | Figure 20:  Main segments of the additive manufacturing value chain for

have been identified along the | /10me decoration consumer products

cons!derec! value chain. Most of Research in Universities, Research and Technology Organisations, European/National Projects,
the interviewed researchers and and private research labs

material or service providers do ettt ittty -
not exclude this topic and are |/ [ = ] .
willing to establish  specific ' Manufacturing of 30-
projects or to produce |
prototypes?*®. However, beside | |
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235 See for instance Thingiverse, 2016, http://www.thingiverse.com/thing:19104/#files

236 See 3D Hubs (2016), “3D-printing Trends", available at https://www.3dhubs.com/trends which shows 25000 printers on the
global platform of 3D Hubs, providing access to 3D-printing in over 150 countries.

237 Source: 3D Hubs “3D-printing Trends", January 2016, https://www.3dhubs.com/trends

28 Gee Antoine Blua (2013) “A New Industrial Revolution: The Brave New World Of 3D-printing”,
http://www.rferl.org/content/printing-3d-new-industrial-revolution/24949765.html

2% When regarding furniture AM applications for instance, only art objects, prototypes, and few design collections could be
identified.

240 gources: See list of conducted interviews in Annex 14.

69


http://www.gassling.com/
http://www.exnovo-italia.com/
http://www.thingiverse.com/thing:19104/#files
https://www.3dhubs.com/trends
https://www.3dhubs.com/trends
http://www.rferl.org/content/printing-3d-new-industrial-revolution/24949765.html

drivers, such as the price of materials and technologies?* on the consumer market. Only design collections and no
mass products could be identified due to high printing costs and low printing qualities which makes surface
treatments necessary. From the supply side, material providers 22 are active besides ink producers, such as Tiger
and PV Nano Cell (working for example on single crystal conductive nano-inks). Main printer manufacturers?® are
international incumbents from both Western Europe and North America while a large number of AM service
providers2* from all countries are active in the area (though “key players” mainly originate from Western European
regions). The value chain appears to be highly fragmented, mixing companies and end users who can have their
say in the manufacturing of their home products. Customers can provide their own inputs to platforms and are able
to sell their own design and print. Due to the fact that both companies and consumers are most likely to be active
on this segment, one should note that both open-source?** and more “classical” Software is being used in that area.
The open character is quite important for this value chain: the sector is currently strongly driven by the user
communities and new forms of IPR such as Creative Commons or GNU (Open Source Software) are of importance
(still, traditional patents and industrial designs are also relevant) although they are not a barrier. Newcomers (e.g.
users in platforms) nonetheless often need orientation and have to build up knowledge about the alternative form
of licencing and protection (e.g. copyright, creative commons). Both open-source and more proprietary software is
being used in that area. Relevant capabilities are available in Western European countries, Poland and the United
States?%. The disruptive effect of AM is here taking place at the level of the role of end users. Fab Labs are in that
regard of main importance: 600 Fab Labs?*’ (see Box 18) all across the world are offering 3D printing services to
end users and one should in that respect mention Fab Lab Initiative?*® the Fab Lab Foundation2+,

Box 18: FabLabs and their concentration in Western Europe

Our analysis of the relative density of FabLabs in European regions with high end user involvement in 3d printing
shows a concentration of existing FabLabs. The NUTS 1 level regions of NL2, NL, 3, NL 4, BE 1, BE 2, and DEA2*0
shows a very high density and total number (more than 40) of Fab Labs. This also corresponds with the
repartition of key players. The triangle between Milan, Turin, and Lugano also comprises twelve Fab Labs where
efforts are mainly located around the larger cities?*, The cities Monaco, Marseilles, Montpellier and Paris in
France as well as Madrid, Bilbao, and especially Barcelona in Spain also show high density levels. Eastern Europe
is not really involved in building Fab Labs.

Also internet platforms such as for example 3DHubs*>? (NL, US) are key to the deployment of AM across the
community. Some platforms are however linked to main players?53 willing to sell 3Dprinters and filaments to the
broadest community possible. Mesh files can be downloaded and/or exchanged on these platforms. Besides the
consumers, main actors on the demand side of the value chain are light products manufacturers, among which
Philips (NL) is probably the most visible in Europe. A high number of manufacturers and vendors of home decoration
products were identified being involved in the value chain as local resellers of the 3D printed design products.
Designers or design companies are particularly important at this level of the value chain. They show their art pieces

21 At the moment the most common technologies and materials in the present application area are Fused Deposition Modeling

(FDM) with the most common thermoplast materials ABS (Acrylnitril-Butadien-Styrol) and PLA (Polylactid) and Powder-based
3d printing Laser Sintering mainly with Polyamide (but also possibly with other materials, such as Alumide, Titanium, Rubber-
like, and Wood).

22 Somos (DSM, NL), Evonik, EQS, and Lehmann & Voss (DE) and Arkema (FR), 3D Prima (Europe), ColorFabb (NL), cc-
products (DE), DAS FILAMENT (DE), Dutch Filaments (NL), eMotion Tech (FR), Extrudr (FD3D GmbH) (AT), fabberworld
(CH), Faberdashery (UK), FELIXprinters (NL), Filamentum (NL), iGo3D(DE), Innofil3D BV (NL), KDI Polymer Specialists Ltd.
(UK), Nanovia (FR), Neofil3D (FR), Orbi-Tech GmbH (DE), Plastic2Print (NL), ultimaker (NL); other players are listed in
Annex 13.

23 Including companies such as Stratasys including Makerbot and 3D Systems, EQS, SLM Solutions, German RepRap, or Voxeljet

in Germany, Ultimaker in the Netherlands, and Zortrax in Poland.

These include among others Cirp, Profactor, Pinshape, Thingiverse by Makerbot, 3D Systems or Shapeways, Ponoko, Rapid

3D, Imaginarium, i.Materialise by Materialise, Sculpteo, Voxeljet and Alphacam.

244

245

246 With companies like Autodesk, 3D Systems, McNeel, Pixologic, and Pinshape, Materialise, EOS, Dassault Systemes, Google
(Google SketchUp) or MeshLab Printelize

247 As of September 2015 there were 107 Fab Labs in the US and Canada, and 270 in Europe (565 in the world in total). At the
moment in Europe the countries with most established Fab Labs are Italy (64), France (58), Germany (31), The Netherland
(28), and United Kingdom (23) — See https://www.fablabs.io/labs?locale=en.

28 See http://www.fabfoundation.org/fab-labs/

29 See http://www.fabfoundation.org/about-us/

20 Source: Eurostat (2013) Regions in the European Union, Nomenclature of territorial units for statistics NUTS 2013/EU-28;
http://ec.europa.eu/eurostat/documents/3859598/6948381/KS-GQ-14-006-EN-N.pdf/b9ba3339-b121-4775-9991-
d88e807628e3 .

NL2 = OOST-NEDERLAND, NL3 = WEST-NEDERLAND, NL4 = ZUID-NEDERLAND, BE1 = REGION DE BRUXELLES-
CAPITALE/BRUSSELS HOOFDSTEDELIJK GEWEST, BE2 = VLAAMS GEWEST, DEA = NORDRHEIN-WESTFALEN

1 e.g. Venice, Verona, Padua, Modena, Bologna, Florence, Naples, and Rome

252 See https://www.3dhubs.com/

253 e.g. Thingiverse by Makerbot, belonging to Stratasys since 2013, U.S./Israel) and by service suppliers (e.g. Shapeways,
founded in the Netherlands, now U.S.)

70


https://www.fablabs.io/labs?locale=en
http://ec.europa.eu/eurostat/documents/3859598/6948381/KS-GQ-14-006-EN-N.pdf/b9ba3339-b121-4775-9991-d88e807628e3
http://ec.europa.eu/eurostat/documents/3859598/6948381/KS-GQ-14-006-EN-N.pdf/b9ba3339-b121-4775-9991-d88e807628e3

and prototypes at various art exhibitions or museums?>* or offer their exclusive, expensive, and often price-winning
design collections in low volumes through online stores?>>,

Also the service provider Materialise (BE) offers 3D-printed home decoration products within an online shop, called
.MGX by Materialise>®. Exnovo and Materialise have established global networks of local distributors and resellers
of their design collections.

Still, the market is currently not shaped for mass production but rather for high-end products, partly driven also by
user communities and platforms. This is among other things due to the lack of performance and the non-
advantageous costs of 3D-Printers on the market. If no particular capability is currently missing in Europe (whether
at the hardware or software level — see Box 19), it is clear that these capabilities are not bundled and would benefit
from cross-fertilization. Players are not equally distributed over the European territory and are mainly concentrated
in Western European countries such as Belgium, the Netherlands, Sweden, Germany, France, Italy, and the UK,
but also some successful players in Eastern Europe were identified, e.g. in Poland and Slovakia. In Europe most
visible key players come from Belgium, the Netherlands, Germany, United Kingdom, Sweden, and France. Eastern
European companies are part of the value chain,
however, only few companies have substantial
size already such as in Poland®*’ or to a more
limited extent Czech Republic and Latvia. From a

Box 19: Missing and/or under-developed capabilities in this
value chain include...

3D-Printing  capabilities”  point of  view, | » Although they are to develop, no particular capability
developments seem to be steered by large US- appeared to be missing in this value chain — existing
based firms. capabilities however remain to be bundled.

. Technological improvements are therefore still expected: production
time, finishing, quality, toxicity, stress testing, costs and other technical parameters are not yet optimal. Among
the emerging areas, combinations of new lighting technologies with sophisticated 3D printing technologies (4D
printing) are now being explored by research labs and companies. Philips has for example developed smart home
applications for lightings, some of which are already 3d printed2%8. Research?* is existent but the topic is not seen
as a main priority. New materials (incl. ink materials) and multi-material printing (segment led by Stratasys, IL).
4D-Printing is particularly promising but at a basic research stage. Among the barriers to the uptake and
development of 3D-Printing in this area, technological improvement is to be mentioned as well as the need
todevelop materials and processes (incl. 4D-Printing). Particular barriers can even be identified that apply to Eastern
European regions?®0: the fact that the market is small and dedicated to expensive designer products; the fact that
only few key players are active in this area; missing knowledge about 3D-printing; and the fact that the consumption
remains at a very low level. Awareness and quality information are also missing and hamper the uptake of 3D-
Printing in this area. Policy implications can be synthesised as follows:

1. Supporting technological advancements and future innovations: Home decoration consumer products still
have low expectations and need further innovation efforts to enter the market at a larger scale. Printing
qualities are still not sufficient for small objects and products often need further surface treatments after
printing. Long production time is a limiting factor. Technological advancements, e.g. 4D printing, which
will be delivering definable and varying material qualities, including electronic qualities, within one printed
object, will open potential application fields for consumer products, especially for lighting products. For
user-dirven 3D-printing, advancement of printing technologies or new innovations are also needed
otherwise consumer 3D-printing might become disillusioned in the future. AM technical limitations and
missing knowledge imply that further R&D has to be conducted with relevant co-investments from the
public sector (at regional, national and EU levels) for areas such as:

- AM processes;

- Material properties;

- Quality monitoring, control and detection systems;

- Toxicity, explosivity and broader health impacts of used materials;
- Reduction of production time and cost.

2. Supporting specific regional collaborations: Potential key regions with high concentrations of involved end
users and vendors of 3D-printed home decoration products were identified (e.g. Netherlands/Nordrhein-

24 See for example the ONE_SHOT_MGX. which is a foldable stool manufactured by selective laser sintering as one complete

piece. https://mgxbymaterialise.com/principal-collection/interior/families/mgxmodel/detail/detail/45; for more examples see
e.g. https://mgxbymaterialise.com/limited-editions/mgxmodel/list/list

255 e.g. Freedom Of Creation (FOC) by 3D Systems in the United States, Purmundus by Cirp and Shape and Form in Germany
or Exnovo in Italy.

256 See https://mgxbymaterialise.com/

%57 There are several printer manufacturers (Zortrax, Monkeyfab, 3DGence, Tytan3D) and distributors (Get3D, CadXpert,
Printila) in Poland — see https://3dprint.com/34332/cd3d-best-3d-printing-2014/

28 Source: Harpe J. (2014) “Light, Art and hue: Unleashing the beauty of light with Philips Hue 3D-printed luminaires”,
http://www.newscenter.philips.com/main/standard/news/press/2014/20140328-unleashing-the-beauty-of-light-with-
philips-3d-printed-hue-luminaires.wpd#.VrB5_E32bVh

29 performed by RTOs such as the Fraunhofer Institute for Laser Technology (ILT) and RWTH Aachen University.

260 Sources: http://3dprintingindustry.com; Fab Lab Foundation (2016); http://www.fabfoundation.org/fab-labs/

71


https://mgxbymaterialise.com/principal-collection/interior/families/mgxmodel/detail/detail/45
https://3dprint.com/34332/cd3d-best-3d-printing-2014/
http://3dprintingindustry.com/

Westfalen, in Italy, South France, and in Spain). Networking activities, knowledge exchange platforms,
and other actions could support local players and raise common awareness.

3. Supporting user platforms: Regarding the relatively high involvement of European users (see e.g. Fab
Labs or 3D Hubs) within 3D-printing platforms, specific opportunities for Europe could be supported
financially and with specific actions, e.g. establishing initiatives such as Fab Labs, especially in Eastern
European countries. Although many customers do not yet demand highly individualized products small
user groups and communities serving as lead uers might enable a broader development spreading to
various submarkets.

4. Development of testing, finishing, post-treatment and demonstration capabilities. These capabilities could
be networked accross regions involved in the different areas under the scope from research to
commercialisation, involving RTOs, companies, etc.

5. IPR helpdesks and IPR support from the public should also cover new forms of IPR such as creative
commons, rules concerning open source software development, etc.

6. Creating new curricula on 3D-printing: Generating knowledge and raising awareness on AM process,
materials, applications, and actors, especially in Eastern Europe.

7. Supporting prototypes and experiments: So far, designer prototypes for new applications are rather
expensive and have to be financed by the small design conpanies or single designers in most cases.
Supporting the development, production, and systematic testing of prototypes in new application areas of
consumer products for home decoration, as e.g. surface elements for wall decoration, could help to reduce
innovation barriers.

4.2.8 3D-printed textiles

. In technical textiles, 3D printingZ%! has already been used to create applications such as flexible heating
systems or wearable technology. In design garments such as bikinis, complete dresses or shoes are 3D printed.
These garments, however, are clearly produced for show and demonstration, not for everyday wearing?62,
Applications focus on the combination of 3D printed elements with textiles, e.g. as for shoes, where the sole is
printed and then fixed to the upper part. AM is currently not able to replace conventional fiber-based textile
production yet and can still be regarded as a small market for designers (with the exception of Tamicare). Markets
include the high-performance textile market, the smart or intelligent textile market as well as customised sportswear
or protective clothing. Industrial textiles with special drapings or hooks for e.g. curtains or buildings are another
possible application area.

. For application of 3D printing of textile one has to distinguish between 3D printing of textile structures
on the one hand and the combination of textile material with 3D printed items on the other hand, being either
directly printed on the textile or bonded with it by other matters e.g. agglutination. Key applications fall under the
category of consumer products (clothing, shoes and accessories) and textiles where (smart) components will be
printed on or combined with textile material using AM methods (direct printing on textile materials) or are a
combination of production techniques (e.g. sports shoes or protective clothing). 3D printing on textiles to add
additional features and functional structures offers interesting possibilities for customized production, important
for instance for protective clothing or sportswear. The scope of the case was therefore focused on the segment of
textile printing and design as well on manufacturing shoes and protective clothing (see Figure 21 for example).
This area is also among the most mature ones in the field of 3D-Printed textiles.

Figure 21: Futurecraft 3D by Adidas and Materialise

Source: http.//www.materialise.com/cases/adidas-futurecraft-the-ultimate-3d-printed-personalized-shoe

%1 Despite its low resolution level, Fused Deposition Modelling is the most inexpensive method and furthest developed for

private use or small companies, it is the method most often used for direct 3D printing on textiles. Polymers such as natural
latex, silicone, polyurethane (PU) and polytetrafluoroethylene (PTFE), as well as a range of textile fibres, such as cotton,
viscose and polyamide (PA), can be used as well as other materials depending on the specific application

262 gsee Melnikova, R. et al., (2014).
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Shoes manufacturing for instance falls under the scope of this area and is a labour-intensive business but also a
matter of designers?53 and artists. As shoe technologies continue to evolve, particularly athletic shoe designs, the
number of shoe pieces added together has increased, requiring increasingly complicated manufacturing steps to
produce shoes?®*, Customised textile production is also important in the production of protective clothing and
sportswear. Cross-value chain applications®® are also emerging: two examples are technical (smart and electronic
such as wearable sensors) textiles?6 and protective clothing which can be found in the sector of medical devices,
where support structures can be printed out fitting the patient s individual needs?%’. Pervasive features such as
flexibility, low cost, robustness, unobtrusiveness, washability, small size, biocompatibility with human skin, and
aesthetic sense are important requirements for the electronic textiles.?58 So far systems include direct print onto
textile materials in combination with traditional means of connection®, like stitching of electronic devices onto
textile material or weaving of conductive threats into fabrics. Most printing processes concentrate on one electronic
component, such as printing of batteries or antennae, and combine the different elements by traditional methods
with connecting wires or, on the other hand, stitch complex devices, such as batteries or sensors, onto textile
material in combination of printing connections between them with conductive inks or pastes. The printing of textile
structures remains at present at a level of research or fashion design resulting in very rigid materials connected
through hinges or mimicking kinematic structures?’°, Direct 3D printing on textiles to add functional parts on the
other side is not that far developed and results mostly in research prototypes.

VALUE CHAIN. Many companies
are involved in this area, Figure 22: Main segments of the value chain of 3D Printing & Textiles
including Adidas (DE), Nike (US),
New Balance (US), and other
classical incumbents. But in general,
all applications in the textile sector as

Research and Technology Organisations performing research on particular segments and at all levels
‘of the value chain (materials, processes...)
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breakthrough in shoe industry, as shoe technologies continue to evolve the number of shoe pieces added together
has increased, requiring increasingly complicated manufacturing steps to produce shoes. Laser Sintering techniques
are used in that respect.

263 Examples include Iris van Herpen, Earl Stewart, Katrien Herdewyn, Troy Nachtigall, Pauline van Dongen & Leonie Tenthof
van Noorden.

264 US-patent US 9155357B2 “Automated Strobel Printing”

25 Health monitoring of vital signs of the wearer such as heart rate, respiration rate, temperature, activity, and posture;
Customized ortheses/prostheses; Sports training data acquisition; Monitoring personnel handling hazardous materials -
Sensors integrated into clothing as part of personal safety applications; Tracking the position and status of soldiers in action;
Monitoring pilot or truck driver fatigue; Textile RFID transponders for logistics or for anti-theft and anti-fraud protection in
clothing; Large-area fabric with integrated sensors for alarm systems; Innovative Fashion (wearable technology); Textile
keyboards or switches; Increasing safety through lighting and displays on and in fabric ; Regain sensory perception that was
previously lost by accident or birth.

266 Smart textiles can overall be defined by their ability to sense stimuli from the environment and have the inherent capability
to react and adapt to them by the integration of functionalities within the textile structure. Electronic textiles describe the
convergence of electronics and textiles into fabrics, which are able to sense, compute, communicate and actuate. In
combination with electronic textiles this provides a vast field of application for emergency personnel, such as firemen, police
or ambulance, as well as for leisure applications, like functional bike gear, mountaineering and other sports.

27 In combination with padding textile materials they give the right support while providing the accuracy and comfort needed
for some cases.

28 Kim et al 2009

29 Conductive materials, that are printable and stretchable, have been developed in order to meet demands of both conductivity
and flexibility for electronic textiles.

20 See http://n-e-r-v-0-u-s.com/projects/sets/kinematics-dress/

73


http://n-e-r-v-o-u-s.com/projects/sets/kinematics-dress/

3D printing can help to shorten some steps in the production process. 3D scanning can be used to design individual
3D models of each customer. These modes can either be printed out as full size dress forms or used as virtual
model to connect to individual 2D textile cuts?’!. Home desktop printers are offered from various companies
worldwide, with a strong market in US and China, but also a lot of upcoming companies in Europe. Well-known
companies such as 3D Systems (US), Stratasys (IL), EOS (DE) or Materialise (BE) are key players in the textile
sector as well. On the side of material development there are also some new and specific companies such as
Recreus (Spain), Plastics2print, Colorfabb (NL) and Tamicare (UK). Materials range from elastomeric materials to
rigid or conductive materials, depending on the intended use. A lot of small start-up companies in the US and
Europe, especially the Netherlands, are developing new materials that are available over the internet. However,
these companies are far from being profitable yet. New business models have to be considered to help that these
companies become established on the market. Examples for such small business companies or inventors are
Colorfabb; CC-Products; plastics2print; or Recreus?’?, a more comprehensive list of suppliers, if not inventors is
given on the RepRap homepage?”3. Original Equipment Manufacturers (OEMs) cooperate with service providers and
printer manufacturers such as Materialise (BE), cubify (now 3D Systems, US) or Stratasys (IL). Some of the AM
service providers own platforms from which designs can be downloaded (e.g. cubify, shapeways, aoku, thingyverse,
mgxbymaterialise).

As 3D-printing also entails opportunities for smart textiles, e.g. for medical applications, consumer products or
various safety applications. In combinations with 3D-printed conductive materials, it will open a market for directly
printed smart three dimensional functionalities on textiles. Companies with products close to the market or already
on the market come from the UK, Germany or Finland. A lot of research is conducted in European research
institutions, as it is the knowledge on possible material combinations and printing conditions that can make
European industry leading in the section of textile processing (e.g. Sachsisches Textilforschungsinsitut STFI (DE),
Textilforschung Thiringen (DE), Centexbel (BE), Saxion (NL), Fraunhofer Insitutes (DE) and others).2’# Also the
use of recycled and biodegradable materials, and bonding between the textile and the printed item (either through
agglutination or direct printing on textile surfaces). Personalization is the upcoming trend in shoe design and printing
of individual parts?’>. Research?’® is also going on within Europe on key topics such as printing conditions or
materials (or combinations of both). One of them concerns the combination of 3D printing with conventionally
produced textiles and in particular bonding effects between the different materials and constraints it should resist?””.
A second issue regards 3D-Printing as a process that is not in-line yet. Other areas include more suitable filament
materials; Developments in CAD software and hardware; Research into adhesion between 3D printed material and
substrate (textile material); Development and integration of technology into in-line production processes; Linking
design and end user need; and Smart and functional textiles. Looking at the regional dimension of the case study
we can observe that the value chain and relationships between the various players are just emerging.

At the moment, we cannot identify any key region or cluster where 3DP applications related relationships are of
significant importance. However, European research institutes play a strong role in development of knowhow
concerning 3D printing on textiles and development of electronic textiles, where Asian research has also a strong
impact. Companies in the UK, Belgium, the Netherlands and Germany (whether new firms or incumbents) might
also become key players in the field. Research institutes in Belgium, the Netherlands, the UK, and Germany are
most outstanding, for research in electronic textiles also in Italy. Companies with functional textile products close
to the market or already on the market come from the UK, Germany or Finland. Regarding Eastern Europe no
relevant key players in the value chain of 3d printing of textile consumer products could be identified.

271 Software for this is developed e.g. at the Hohenstein Institute in Germany — See
http://www.hohenstein.de/en/inline/projectdetail.xhtml?researchProjectFilter.file=%2
fmedia%?2fforschungsprojekte%?2fVirtuelle 3D Modelle IGF 18223BG.xml&applicationArea=283

272 http://colorfabb.com/

Inventors like http://cc-products.de/ products are available through https://www.matterhackers.com/store/3d-printer-
filament/poro-lay-lay-fomm-filament-175mm

http://www.plastic2print.com/

http://recreus.com/en/

273 http://reprap.org/wiki/Printing Material Suppliers or http://3dplatform.com/top-10-new-3d-printing-materials-you-

should-try-part-i/

274 e.g. Sachsisches Textilforschungsinsitut STFI (DE), Textilforschung Thiringen (DE), Centexbel (BE), Saxion (NL), Fraunhofer

Insitutes (DE) and others

275 US company Sols is producing 3D printed custom insoles, that can be ordered online by simply following easy instructions

of an app and uploading pictures of each foot
276 Entities include the following: Brunel University in Surrey (UK); Center for Micro-Bio Based Robotics of Instituto di Tecnologia
(Italy) Dublin University (Ireland) Fraunhofer IZM (Germany) Fraunhofer IWS (Germany) Infineon (Germany) Insituto
Italiano di Tecnologia — Center for Space Human Robotics (Italy) Patria (Finland) Philips research Laboratory (UK) Politecnico
di torino, Politronica Inkjet Printing S.r.l. (Italy) Saxion University of Applied Sciences Enschede (The Netherlands) Tampere
University of Technology (Finland) University Bolton (UK) University Ghent (The Netherlands) University of Southampton
(UK) Wearable Technology Ltd. (based in UK, production in China)

277 Which is achieved through combination of materials and printing parameters or by simply gluing the 3D object to textile
structures. The functionality of the added item has to be maintained throughout the lifetime of the textile, despite repeated
washing, drying cycles or mechanical stress.
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. Main barriers slow down the development of this area. A key barrier
is hence the lack of technological knowledge about how to industrialise 3D printing technologies integrating 3D
printing in very fast in-line processes of the textile industry. A key barrier is hence the lack of technological
knowledge about how to industrialise 3D printing technologies integrating 3D printing in very fast in-line processes
of the textile industry. It relates to key missing capabilities in the area (see Box 20). This holds true for all
applications expect for printing of (in)soles for shoes and protective equipment where the development is already
more advanced and the barrier is rather a business policy issue (e.g. market strategies, business models).
Concerning printing textile-like patterns the limiting factor at present is on the one hand insufficient mechanical
properties of pure printed 3D products, when compared to products derived from common technologies such as
weaving or knitting. On the other hand the fact that textile CAD data for the creation of textiles produced through
additive manufacturing needs to be adapted to the applications. In addition, 3D printing faces the boundaries that
when mimicking textile structures like woven or knitted fabric the space between the single “threads” need to be
distinct so that a moveable structure is obtained. Thus the limitation is the resolution of the 3D printers. Also the
need to increase understanding of new reliable materials including better simulation and software stands as a
barrier. New production systems with linked 3D-Printing and traditional technologies and data systems/interfaces
to achieve highly integrated and combined technologies also need to be developed, and in-line printing of functional
parts on textile material should be achieved in order to make processes more productive. There is a lack of common
research and interactions between key players, as well as a concentration of supply capabilities in Western European
regions. Knowledge is still missing regarding 3D-printing materials and processes. These are limited in terms of
performance (size of the product, printing length, costs are among the main barriers from that perspective).

Missing capabilities were also spotted during the research such
as presented in Box 20, mainly in terms of materials (from | g, 5p- Missing and/or under-developed
elastomeric materials to rigid or conductive materials) and capabilities in this value chain
finishing. An opportunity however stands there as start-ups in include...

the US and Europe (especially the Netherlands) are developing
new materials that are available over the internet. But they | » Software and simulation capabilities

require new business models to become profitable. Moreover, can be further developed;
engineering grade material selection is limited compared to | » Adapted systems (in view of in-line
conventional manufacturing and 3D-Printed products are not production), incl. relevant interfaces;
strong enough and concerned with surface roughness and the | » The landscape remains scattered;
lack of sufficient resolution of 3D-Printers (which translates a | » New (elastomeric, rigid, conductive,
need for sufficient distances between structures to create woven etc.) materials.

or knitted-like structures. Policy implications were derived from
these observations. Some of them are broad, such as the fact that in order to support start-ups within this value
chain, user-oriented initiatives with open source character should be promoted (such as e.g. Fab Labs or 3D Hubs,
as described in the previous application field).

More specific implications can be described as follows:

1. Co-investment in R&D is needed to advance key fields (recycled materials, health impacts, cellulose fibres,
etc.). In particular, there is a need to increase understanding of new reliable materials including better
simulation and software, specifically software that allows the simulation of how the product will react after
curing or melting with different materials. A more common baseline for comparability in tests between
different materials and machines is also necessary. A focus must be laid on the industrialisation of 3D-
Printing technologies, for instance the development of new production systems with linked 3D-Printing
and traditional technologies and data systems/interfaces to achieve highly integrated and combined
technologies. Crucial point to bring 3D-Printing into textile industry will be the achievement of in-line
printing of functional parts on textile material, in order to make processes more productive. In combination
with principles like Cyber-Physical Systems and the Internet of Things personalized production may
become reality even for textile industry, printing functional, individual elements on textiles or combining
3D-printed parts like soles with textile elements to create customized itemsTopics of the research agenda
encompasses:

a. AM processes, esp. resolution of 3D-Printed parts;

b. Materials selection, materials properties including health impacts (esp. also recycled materials,
such as cellulose fibres);

¢. Quality monitoring, control and detection systems;

d. High-performance and high-volume production;

e. Printing cost reduction.

2. Consequently, collaborations should be supported, especially between research institutes and textile
industry. In order to promote applications in this field collaborations within the value chain should be
supported. Especially collaborations between research institutes and textile industry, and also with 3D-
printing end users, including 3D-printing communities. In addition, opportunities emrge in suing textiles
in other industries such as automotive and aircrafts, hence there are cross-sectoral collaboration
opportunities. Electronic textiles offere a huge opportunity as well, however, these appllications where not
in focus of the case study on specific value chains.
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3. The development of new business models should be supported. This is escpecially relevant for the alreaedy
further advanced applications in the shoe and protective clothing area where the specifics of the
individualisations can alreadxy be exploited as it adresses existent customer needs.

4. Activities supporting the involvement of users should have an open source character. In collaborations
with RTOs, clear contracts have to be signed to ensure IPR protection. Supporting and supplying
information to SMEs regarding the protection possibilities for their designs would be beneficial together
with support in case of SME IPR infringement.

5. New curricula (regional and national levels are here concerned but the EC could still take a coordination
role here) should be developed in order to foster the diffusion of relevant skills among the EU workforce;

6. Finally, platforms and networks for consumer participation should be strengthened a strong driver for the
development are users which can pull the development and form a critical mass which finally could
facilitate the formation of larger markets.

4.2.9 Affordable houses

CONTEXT. The use of Additive technologies in the construction sector is recent. Large-scale 3D printing, such as
‘mega-techniques’, is becoming more and more relevant especially since 29 March 2014 when work began on the
world’s first 3D printing house (Wainwright 2014). However, Perkins & Skitmore underline (2015) that it is not yet
fully clear which role 3D printing currently plays in the construction industry and where this technique could be
heading towards the future. The area is currently at a research and prototyping stage. It is estimated that a real
market for 3DP in construction will only appear in 5 to 10 years. A key limitation is here the conservative nature of
the construction sector and its overall reluctance to innovate. The construction sector often consists of many smaller
suppliers and overall R&D budgets are limited compared to other sectors. Another challenge is that the construction
of houses is based on components that require multi performative and multimode operations, which implies complex
settings that require more than the sole development and use of AM techniques.

SCOPE. The use of AM in construction is at an early stage. No mature applications exist yet and value chain and
markets are still to be established. This application area was studied because of its potential high positive impact
on the reduction of green gases due to more efficient production techniques implying a productivity rise for the
entire construction industry. Among other parameters, the construction sector also has a broader outreach potential
to other sectors such as aerospace, defense and offshore. Four broad potential application areas where AM can
cross-fertilize the construction sector?’8, At this early stage, it was decided to emphasize a set of products for
which experts have expressed a high probability for future markets to develop: the application area under
investigation will be affordable houses (see Figure 23). Indeed, AM is currently being tested to manufacture future
3DP houses and temporary buildings (like pavilions for festivals that only stand for a few days/weeks - or shelter
in disaster areas), custom made interiors or building details.

Figure 23: Illustrative applications of 3DP houses from the Chinese player Winsun

Source: http.//factor-tech.com/3d-printing/3421-are-3d-printed-houses-practical-the-experts-weigh-in,

Different materials and AM technologies are being used to make entire buildings, building components or furnishings
for buildings. Here the use of AM renders constructions more sustainable, less expensive, stronger, smarter,
recyclable, and customizable to the environment. AM is associated both to functional and non-functional parts and
especially to the design and is seen as key to better integrate house components. One has to distinguish between
three techniques based on the size of the object used. Printing entire buildings requires new AM solutions such as
very large printers that can either produce large pieces that can be assembled into bigger structures or come up

278 (1) Design application and structural Engineering advices such as the familiar models use by architects to illustrate their
design; (2) Material related advices and supports such as the structural engineers of the global design and engineering
consultancy ARUP looking at AM to optimize construction steelwork applications in a variety of complex buildings; (3)
Mechanical  equipment related advices and supports; (4) Construction  manufacturing. Source:
http://www.freeformconstruction.com/partners.php
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with entire units such as rooms or houses. Big printers?’® are often concrete printers that do not yet integrate steel
bars. Another solution is the combination of robotics and AM technology, which is used when the pieces are bigger
than the printers. In terms of future value chain development this cross-over between construction, AM and robotics
is a highly important evolution. Most AM materials for construction use can be divided into three categories: plastics,
concrete and metal. Next to cement and plastic, also other materials are being experimented with such as cellulose
or even salt. Full-scale 3D prints of cellulose- based material show the cross over between forest industry,
construction and AM. Because of safety reasons plastic houses will not be accepted by regulation. Most of the
activities that relate to building houses have focused on printers that use concrete. The most popular building
printing technology has been the USA based contour crafting launched almost 20 years ago. Most advanced
technologies focus on the scale up of metal structures for the construction sector at the moment.

VALUE CHAIN.

AM for affordable housing won't be
subject to clear value chain | Figure 24: Main segments of the injection molds additive manufacturing
segments until it emerges in 5 to 10 value chain

years, but some European RTOs

research the topic intensively by — . .
. . . . | int Research and Technology Organisations performing research on particular segments and at
|nvest|gat|ng materia I prln er, all levels of the value chain (materials, processes...)

robotics or construction. The first
start-ups have just been created in | -
the field and most promising ones | ! Manufacturing of 3D- Robotics

already attracted the attention of | Printers .

overseas investors. Some key 3 Provision of raw material > Arch'itects - | Construction | End
projects could be identified during | ! 3 sector user
the case study research as well such software design AM and other

as in the Netherlands, in the UKand | *.! Service Providers

to some extent other Western )

European countries (GermanYI Ita|YI Other value chains (Space, Offshore, Defense) with which collaborations are starting
etc.) but of course also

internationally (the US but also China
which is contributing to advancing this field). Companies in the sector remain reluctant to adopt and test the
technology, with the exception of Heijmans from the Netherlands and SKANSKA from Sweden. Most actors involved
in the additive manufacturing of affordable houses are located in the Netherlands (North Holland, South Holland,
North Brabant, Utrecht), the UK (London, North-West England, West-Midlands, East Midlands, South-East England),
Germany (Bavaria, Hessen, Baden-Wirttemberg, Rheinland-Palatinate, Nordrhein-Westfalen) and Switzerland
(Zurich). Key players are also located in Italy (Tuscany), Sweden (Vasterbotten, Skane), Belgium (Flanders) and
Finland (Uusimaa, South-Carelia). Other specialized companies working on AM in areas such as Offshore, Defense
and Space sectors might also lead to spill-overs to the construction sector and collaborations exist across value
chains?8, From an international perspective, leading players in the field are Singapore, Switzerland and the USA.
EU countries are lagging behind and research activities are reduced to a few players. Some significant activities are
concentrated in the UK (London, North-West England, West-Midlands, East Midlands, South-East England),
Northern Europe (Skdne, Vésterbotten) as well as in Italy and Spain (Catalonia in particular). However, the most
important work in Europe has been concentrated in and around ETHZ (Zirich, Switzerland). It was striking that no
activities and capabilities exist in Eastern European countries with the exception of the concrete printers built by
BetAbram in Slovenia (see Box 21).

Almost all activities observed are “pure’ research or in some cases applied research in collaboration with the
industry. Several collaboration agreements with RTOs can be identified in the area of additive manufacturing for
construction. Some are clearly in a lead position in Europe, such as ETHZ as they collaborate with the private sector
on strategic research?8!, Among the topics investigated, the most popular seem to touch upon how AM, robotics
and automation can change the way things are done in the construction sector. Though all the research teams
have the same objective, the teams are investigating very different materials and fabrication methods. For the
construction of mega components or entire structures there is a new trend to investigate the use of robots and
automation. The line between printers and robots is thin, so they were treated separately82. Robotics are already

2% The large scale printers used to produce big pieces can be large scale cement 3D printers using a system of extruding wet

cement through a nozzle. In addition powder-based 3D-printed cement structures can be made by mixing polymers with

cement and fibers to produce very strong, lightweight, high-resolution parts on readily available equipment (UC Berkeley

College of Environmental Design).

For instance, the D-Shape concept from Monolite UK Ltd has gotten attention from Areospace research and industry.

8L Other key entities include TNO, VTT, TU Delft, TU Eindhoven, University of Darmstadt, Umed University, Lund University,
IAAC, and ETHZ

282 In Europe most important printer/robot projects are D-Shape of the firm Monolite (Tuscany [IT] and London [UK]) , 3DCP
(East Midlands [UK]), and MX3D (Noord-Holand [NL]) while from the US the Contour Crafting technology is seen as
important (California, USA). Other interesting European printer projects are KamerMaker (DUS Architects and Ultimaker, NL),
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playing a key role in the development of the construction sector. Key players from the industrial robotics industry
that have been active in the construction field are KUKA from Germany and ABB from Switzerland. In addition
Staubli from Switzerland and to a lesser degree Comau from Italy and Fanuc from Japan have worked on robots
for the construction industry. Architects remain key to the area2®3, Also some US players such as the Jenny Sabin
Studio and Kushner Studios have contributed to this field. All are able to shape up complex designs, which is of
particular importance in this case as software is expected to become a key added value segment. In Europe new
software development in the field happens either at universities or at spin-offs (for example ROB Technologies AG
in CH) and start-ups (for example MX3D in NL). A trend here is that big software players from the USA are buying
promising European start-ups. In example of this overseas acquisition strategy is WithinLab from the UK that was
bought by Autodesk. Other big players in the field have been Materialise from Belgium. As software offers the
platform for value creation these acquisitions are not a priori positive for Europe. Software plays a key role in the
research projects. MX3D stated for example that 70% of their activities consists in software. Another segment
gathers AM service providers who have worked for the European construction sector in this field are Materialise
(BE), 3D Systems (USA)284 and EOS (DE). The 3D-printing service providers collaborate with Architects. Other
service providers have been based in the UK, such as Shotcrete Services Ltd. (concrete spraying solutions) and
Buchan concrete Solutions and Bureau Happold. They may also be part of the value chain with the construction
sector category. These companies collaborate with the construction sector, from which only a few firms committed
to research projects on 3DP such Heijmans (NL) and Skanska (SE).

Box 21: Missing and/or under-developed capabilities in this value chain include...

> Overall the 3DP activities related to affordable housing are scattered over Europe with only few countries
and some of their regions that do well such as the Netherlands and the UK. To reach critical mass it would
be beneficial to bundle forces. Eastern-Europe seems not to have activities in this field apart from some
SMEs activities from Slovenia. A majority of the most important activities seem to be concentrated in
Western Europe (German speaking regions for material development and robotics, UK and the
Netherlands). One additional missing capability is not technological but relates to the financing and
ownership strategies of promising ventures especially in the fields of design and software development. It
seems that the continuity of European ownership is not always realized in this field what may potentially
hamper optimal growth of the company targets and their European ecosystems. Furthermore even and
especially in countries that are active in the field there seems to be a need for ‘bridging people’ that
understand robotics, software and the construction sector as to make development projects more
successful.

. AM technology will disrupt the construction landscape but remains
in its infancy (which partly explains why IPR were not spotted as a current issue, although massive acquisitions
from foreign players make it a risk for European ones). Two phases are foreseen in the uptake of 3DP by the
construction sector: (1) in the mid-term some parts of houses will be made via 3DP, (2) in the long term one could
think of integrated multi-mode methods using different materials, 3DP and new techniques. One of the benefits
will be that planning mistakes will be corrected for thanks to AM and the efforts will shift from construction to
planning. This will most likely come together with co-creation with customers and mass production. It can be
expected that the construction value chain will take on board new players which are companies specializing in
additive manufacturing and robotics. In addition the role of the users will be more pronounced. Other trends can
be observed, such as the shift towards a holistic view to buildings. This trend goes beyond the construction as
digitization is striving many sectors to new modes of building and production. Another key trend is the fact that
online applications will appear where clients can customize their houses. New business model could appear where
people can order new doors or new colors for their house even by paying monthly fees or membership money. A
third key trend is that in the European economic downturn some construction companies driven by the search for
value added realized that they will be forced to innovate to remain competitive. A last trend is that engineering
consultancy companies (who are key players in this value chain) picked up on the use of digital design with practices
such as parametric design and optimization. Material providers are usually large companies from bigger countries
such as Germany (such as Henkel and BASF) and UK (LaFarge Tarmac). Materials, such as concrete, tarmac, wood
and steel — entailing concrete spraying, resins and (bio) plastics (provided by companies such as Henkel) and metal
powders and welding material (provided by companies such as Arcelor Mittal). Key players also look into new
innovative solutions (see for example G.tecz Engineering GmbH). Some experts foresee that materials are going to
be customized, meaning that all parts of the system are changing. Material will be prepared and transformed
according to the user needs and required performance. Customization is starting from material to process and
product eventually but further research will be needed — on processes and materials but also customization
practices— to lead to effects.

TU Eindhoven and ROHACO concrete printer (NL) , Betabram (SI) and some (conceptual) projects at IAAC (Catalonia, Spain)
and ETHZ (Zurich, Switzerland) and the printing heads/systems of .G.tecz Engineering GmbH (DE).

23 people at IAAC in Spain, at architect practices in London and at the ETHZ in Zirich are important to mention here.

284 Pplayers such as Z Corp (USA) and CRDM (UK) have recently been bought by 3D Systems . In addition Emerging Objects (US)
has been a key player, especially in the US.
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Obstacles to the uptake of AM remain, some of which are linked to the limitations of current robotics and printers
who do not offer part integration, multiperformative and multimode operations. The first challenge relates the
production of components in pre-fabrication. For pre-fabrication a computerized assembly line is needed that is
easy to automate. For this pre-formation stage light materials such as wood are preferred as they are easier to
transport then for example concrete. One should note that the size, volume and cost of AM are not yet satisfactory
compared to traditional technologies. The second challenge relates to onsite construction. On site construction
requires on site robotics interacting with humans, which implies complexity. Another key challenge for the field is
that materials should still be developed that can be processed on printers or contour crafting machines and that
can fit the requirement of the building industry. Scaling up remains a challenge as because buildings are not small
objects. Also the speed of digital manufacturing in both AM and robotics is not satisfactory. Cultural changes and
an improvement of skills are clearly needed to open the sector to AM. In addition to a paradigm shift (which also
concerns architects), more cooperation is needed between different fields The sector is highly conservative and
risk-avoiding and is not yet fully multi-disciplinary. This is problematic as there is a need for coordination and
bundling forces as to speed up the research and commercialisation process. People involved in construction
activities also doubt about the sustainability of AM products. Awareness about AM is therefore missing.
Standardisation and building but also safety regulations are aso obstacles to AM which should comply with a number
of standards.

That also comes with IPR issues and a creative entrepreneurship?®® culture that is somehow lagging behind
compared to other sectors. Policy implications derived from those observations are that framework conditions and
awareness could be improved by public entities. Additional implications are the following:

1. Education and training policies should strive toward multi-disciplinarity (mixing robotics, software and
construction, with particular emphasis on design and software development).

2. policy should focus on the creation of platforms and ecosystems that can create the value which is usually
to be found around new firms.

3. Coordination is needed in such a scattered landscape to invest in technology.

4. More ambitious financing programs are a condition for more ambitious research and innovation outcomes.

5. Access to finance enabling the uptake of new technologies and the coverage of the related initial costs of
adoption should be facilitated.

6. Global M&A strategies impacting European players should be foreseen as not to loose its best pieces to
competitors much too early.

7. Monitoring acquisitions in the field as to be able to follow where the most important IPR portfolios are and
monitor new market dynamics but also support and optimise collaboration models between science and
industry (SIRE). Public entities should boost meaningful IPRs by bundling resources for top European
research.

8. A position should be taken by public entities on how to encourage innovative behaviour in the construction
sector and on how to discourage harmful conservative mentalities.

9. Current national and European regulation and policies are to be streamlined in order to clarify the extent
to which regulation will be adapted as to scale-up living lab experiments into real commercial products.

4.2.10 3D-printed confectionery

. One of the grand challenges the global food market is facing is the growing demand for food that
requires developing sustainable methods for food production, which in turn require increase in the efficiency of
food production and processing. Consumer trends (willing to eat healthier food, etc.) are key in that respect as
they drive the value chain. To meet the challenges, at least a partial switch to alternative food sources is expected
by many. The food industry is relatively conservative sector in which most of the development is incremental, for
instance in food processing it is aimed at the small improvement of existing technologies or at the replacement of
minor steps in the food production chain to increase efficiency. But 3D-printed food should not be confused with
industrial automation. Hence, 3D technologies have been applied also to food industry to print food, for instance
to produce fun shapes but potential for the technology is also seen in more serious food products for consumers
with special nutritional and dietary needs. The 3D food printer technology is still very nascent, the first patent
application was published in 2007 and the patent landscape is dominated by Chinese (Frost & Sullivan 2015). The
expectations for 3D printing in food are enormous although not realised in full, yet. 3D printing allows also flexibility
to use alternative food ingredients which the industry will face in future to create improved products with respect
to nutritional content, health benefits and shelf-life. The artisanal field of confectionery that produces decorative
bakery products, chocolates and other type of sweets is one of the food industry fields which can benefit of the
dimensions that the 3D printing can offer.

85 A lack of focus from entrepreneurs on issues such as culture and design, IT and gaming, infrastructure, safety thinking
(related to housing issues), standardization, sustainability.
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SCOPE. 3D-food printing?8¢ offers solutions?8” for automation of cooking (e.g. 3D food vending machines),
production of food in challenging spaces like in flights for sterility and taste, nutritional options for people with
dietary needs, and also for designer food for its aesthetic value. Major challenges still to solve relate to the need
for multi-material printing systems and integration with traditional cooking processes, like baking or boiling. One
of the major hindrances is the low printing speed. But the food application area also entitled “3D-printed
confectionery” (see Figure 25) was selected because of its potential for the food industry and because of
European demonstrations and first commercial applications available already. The market entrance was therefore
just achieved and adoptions can be observed (though deployment is far from being achieved). Confectionery
appeared to be the most relevant area, in which the aesthetics and design are driving the adaptation of 3D
printing rather than possibilities for personalised diet, for instance. At this point of time mainly research
organisations are driving this change, although some industrial cases could be spotted — mainly in the context of
collaborative projects. Research is being conducted on the consistency of food materials not to stick into the
printing machine and to retain their form after printing. Another area consists in “*how” to mix materials to create
tasty products. Research in the field is also very much associated to developments in the field of robotics and
food processing technologies as automation is sought by industrial players.

Figure 25: Illustrative applications of 3D-printed dessert decoration.

Source: Mei Lin%¢

Because of the negative associations related to confectionery products, product innovation and development is vital
in this market. Due to the current health and wellness trend in food consumption, the revenue of the European
confectionery product market is expected to decrease by 0.3% from 2013 to 2018 (Tosin 2014). In view of the
negative associations in confectionery, like tooth decay, obesity and diabetes, there is also increasing governmental
intervention, for instance placing regulatory standards. Because of their proximity, not only did the case study touch
upon confectionery but also to another promising area which is the one of personalised food for consumers of
special dietary needs?®. Both areas are subject to similar trends and are at an early development stage. One
general trend in food sector is the fragmentation that might create new business opportunities around 3D food
printing. The benefits of AM in the food sector can be seen for instance in high material use efficiency and in
production flexibility that allows fast responses to market requirements that both target to minimise food waste in
food processing. Food AM is currently mainly a matter of fundamental and applied research. RTOs are therefore
the current key players in this area. However, food manufacturers are eagerly following these developments. It has
been estimated that various affordable food printers will be on the market in five years. In the late 2015, the most
interesting and innovative solutions were developed by start-up companies, both Europe and the US, and the first
of these ‘kickstarter’ projects are expected to materialise in one to two years. 3D printing in food is in explorative
research phase. The key actors in the 3D-printed food are public and private R&D actors, who are testing and
experimenting in collaboration mainly with small food companies, restaurants and chefs as well as some larger food
manufacturers like Barilla.

286 3D-printed chocolates and other decorations should not be confused with moulding which has already been developed for
long in confectionery sector.

27 The main technologies used in the food 3D printing are FDM (Fused Deposition Modelling).

288 Mei Lin, winner of Bravo’s Top Chef worked with 3D Systems Culinary to 3D print the passion fruit flavored cloche that tops
her colorful dessert. [Photo courtesy of 3D Systems]

289 Guch as for elderly or people suffering from ilinesses, athletes, etc.
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VALUE CHAIN. 3D food printing value
chains are largely non-existent at the
moment but some regional hotspots
can be detected that shows initial
clustering of 3D food printing actors. Research and Technology Organisations performing research on particular segments and at
Although some of the confectionery all levels of the value chain (materials, processes...)

producers are taking the first initial
steps in 3D printing, chocolate printers

Figure 26.: Main segments of the confectionery additive manufacturing
value chain

are available on the market?®, like the | | | Manufacturingof3Dfood |

Choc Creator by Choc Edge from United | | printers > Retailers v
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printer manufacturer 3D Systems Inc.
3D System’s own Cheflet™ Pro is also
used for printing confectionery.
Pioneering consumer service concepts were also found. A UK-based confectionery maker, Katjes Fassin Ltd.,
commercialised the world’s first 3D food printer for consumer retail, and opened in August 2015 a concept store in
Berlin, called The Magic Candy Factory. One of the emerging regional areas in the 3D printing is Barcelona, in
Catalonia, where activities are concentrated around the printer developer Natural Machines’ Foodini and smaller
players going through dinner experiments such as the restaurants Dos Cielos and La Boscana. Another identifiable
regional ecosystem is in the Netherlands, which is strong in research due to strong RTOs (TNO in Eindhoven and
Wageningen University in Gerderland) who collaborate with food manufacturers such as Marfo in Lelystad in
Flevoland or smaller explorative startups and private R&D actors in customised confectionery. De Grood Innovations
(NL) is one of the leading 3D printer developers in food. The multitude of different types of actors and capabilities
in the Netherlands, makes the country a potential place to spot emerging value chains. In the UK some initiatives
are based on university research which are however scattered. Printer developers spinning off from universities can
be found near the University of Exeter (Choc Edge) and the University of Cambridge (nifood printer). In the Bremen
area (Germany), activities are centralised around Biozoon GmbH. In Germany, the activities are not concentrated
in any region but are rather spread over southern Germany (Freising) to northern Berlin, where the first 3D printing
candy store is located. The potential service providers in the 3D-printed food value chain are for instance
restaurants, cafes and specialised shops (like Magic Candy Factory in Berlin), and grocery shops in which one could
offer 3D printing services. At the moment, 3D-printed food products (and printers) are mainly offered via web
stores. The consumers can be reached via thee main ways, serving them 3D-printed products in restaurants and
cafes, offering them service to print personalised products (incl. on-line shops), or self-printing at home. The 3D
food printers are expected to make their way to private kitchens alongside coffee makers.

Capabilities are missing in Europe (see Box 22). Because

of the scattered and small number of actors, one of the | gox 22: Missing and/or under-developed capabilities
main missing capability in the 3D-printed food in Europe in this value chain include...

is the lack of specialization. There are not yet specialized

areas with accumulated knowledge on specific | * Because of the scattered and small number of
application areas in the 3D food printing. The main actors, one of the main missing capability in the
reason is that Europe does not at the moment have 3D-printed food in Europe is the lack of
volume in the 3D food printing area. Europe lacks actors specialization; . N

in all areas, from research to retails, which prevents fully | > The food industry is not only waiting good
operating clusters and ecosystems to develop. results from pilot production examples, but the
Specialized regional competences are to arise only when machines and raw materials for industrial use
there is enough critical mass. Current challenge to are missing as well; o
Europe is to increase the collaboration of scattered | » ~ The main activities in the 3D-printing in food
actors, and to share technologies and know-how. are concentrated on few Western European
Current challenge to Europe is to increase the countries, and no clear indication of companies
collaboration of scattered actors, and to share or research actors from Eastern Europe that
technologies and know-how. Fostering collaboration at have engaged in 3D-printed food is available.

European level is important in two aspects: including
private unprejudiced innovative food technology companies into research projects, and improving knowledge
exchange of European research organisations in common projects. Open knowledge sharing in an application area
which is in the exploratory phase is fairly restricted. In addition, the food industry is not only waiting good results
from pilot examples, but the machines and raw materials for industrial use are missing as well. Although many
suitable food materials exists for 3D printing, not all food and ingredients are suited since material needs to have
certain viscosity. For example, the biggest challenge for Choc Edge in developing the 3D technology was to find
the right type of chocolate that would layer itself up (Frost & Sullivan 2014). Development and new innovations in
these areas are important for manufacturers to adapt 3D printing in food production. Among them are the uses of

20 Tt could be said that consumer market for 3D-printed confectionery exists already as consumers are interested in personalised
products, but from the industrial engineering and management perspective the exploitation of 3D food printing is not yet
feasible.
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new materials, including the process of bioprinting which resembles to the use of biomaterials for printing artificial
organs (for transplants) and would target meat printing. Capabilities for developing feasible business models in 3D-
printed food are to be strengthened as well. This would require further emphasis from the industry but also
especially from research, like marketing and other business sciences. Adopting 3D printing in consumer markets,
like food, paves the way for service innovation.

Finally, it can be seen that the main activities in the 3D printing in food are concentrated on few Western European
countries, and no clear indication of companies or research actors from Eastern Europe that have engaged in 3D-
printed food is available. Among the emerging trends is the one of using AM for more than only decoration purposes
as well as to use it to design products that have a certain texture that cannot be attained using conventional
production methods. Another emerging area is the one of dietary and nutritional food which has been subject to
several experiments. 3D-printed food using alternative ingredients and materials to create healthy and tasty food
is particularly growing. In the area of meals tailored to the nutritional needs of individuals, the Nestlé Institute of
Health Sciences (NIHS) has launched late 2013 a project on how to meet dietary needs with 3D food printing2°L,
Although the experiments in the dietary food sector are at very initial stage, the size of worldwide market is
appealing to food manufacturing companies. To get some perspective of the potential market size, a closest market
to this is the medical foods, which is not be confused with dietary supplements, drugs or food with a health claim.
Medical foods are instead a special category of disease-specific foods administered to sick patients. Within the
medical food market, the US and Europe account for the major share in market revenue (both more than 25 %
each) and the global market is estimated to be $13.34 billion in 2018. Given that the medical foods are used for
preventive care, a one of the major focus areas of health care in Europe, non-prescription medical foods account
for a high share in market revenues (Balasubramanian 2014).

It should be noted that medical foods is a highly regulated area, which do not exactly comply with 3D-printed
dietary and nutritional food discussed in this report. More futuristic experiments concern the use of bioprinting of
living cells.

. Heat and ingredient issues are limiting the performance and
possibilities offered by AM in the food sector today. They are however not the only obstacles to AM. Food production
takes place in various different contexts, and different venues such as restaurants and grocery stores may one day
host 3D printers. Key barriers were however identified along this research. First, there is little accumulated research
knowledge in this area. Only a few RTOs and universities in Europe have invested in research in 3D-printed food.
Advancements are needed in several areas such as temperature fluctuations during the extrusion process. From
the standing point of end-users, present organic & healthy eating trends prevent users to adopt 3D-printed food.
Health-conscious consumers avoid additives which are often required for the proper structure of printable food
mass. In addition, consumers are reluctant to pay the cost of 3D-printed food which is high and unaffordable for
many consumers. In the same way food safety, especially regarding synthetic food, is a great concern for many
end-users. That is in line with current regulatory preoccupations: currently there are no regulations in place that
would deal with 3D-printed food; this prevents food manufacturers to engage in 3D printing in large scale. The lack
of regulation affects food safety (incl. the hygiene of food printers) and the acceptance and image of 3D-printed
food. The main challenges for not observing the value chains in commercial use are the lack of viable business
models. The area is indeed not mature yet (which partly explains why IPR are not a key barrier in this area). The
large European food producers, like pasta maker Barilla and Marfo from the Netherlands, are exploring the
opportunities but the current 3D printing speed does not offer companies production scalability. Finally, not all food
ingredients are applicable to 3D printing yet. This is closely related to the need for developing technologies to
extrude multiple ingredients. These concerns set the basis for policy implications:

1. Awareness raising is needed to improve the image of AM in the sector. Communication should be
addressed to all value chain actors, targeting specifically the industry and consumers to improve
knowledge of the 3D printing in food sector, including technologies and potential business models.
Promoting R&D by setting up targeted research calls and incentives to the stagnated food industry would
encourage companies to innovate more.

2. European Fab Labs (Digital Fabrication Laboratories) should be used as test beds for food printing. Setting
up shared facilities and platforms of 3D food printing at the current exploratory phase should be
encouraged at the regional level.

3. Skills should be made available and AM should be included in food curricula (food sciences, processing
technologies, business sciences, etc.). The development of business models should firmly be included in
the European research agenda of 3D printing, and integrated to technological development.

4. Product safety should be addressed and included in a broader approach to AM. In food sector product
safety relates to serving and distributing food, and issues such as labelling and marking of 3D-printed
food. Futhermore, design rights should be followed when producing 3D-printed food, whether
manufactured or designed by a consumer on the spot.

5. Collaborative R&D should be supported (through calls) but also coordinated at the European level.
Designing research calls that include both innovative private companies and public research actors is
important.

21 Molitch-Hou, M. (2014) Nestle Wants to Meet Dietary Needs with 3D Food Printing, 24 June 2014. Available:
http://3dprintingindustry.com/2014/06/24/nestle-wants-meet-dietary-needs-3d-food-printing/ (accessed 15.12.2015)
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5/ Conclusion

5.1 Regional AM supply capabilities in the EU: overview of a fragmented landscape

It is clear from the quantitative analyses that Europe is facing strong competition from global players and mainly
from the United States and Japan. Europe still holds a strong position in terms of patenting: some AM service
providers but also large multinational firms (incumbents from thematic sectors) perform well in European
specialization areas such as aeronautics as well as electronics. Healthcare, energy and materials also fall under the
scope. These players are mainly located in Western Europe, such as confirmed by the cross-validation operated
with the analysis of FP-funded projects but also ny the application-driven case studies. It is possible to observe
leading European countries such as Germany, the UK, the Netherlands, France, Belgium, Italy, Spain and
Sweden take a global lead in some specific areas. The case studies show however that the regional repartition
of current AM capabilities vary from an application area to another, mainly due to the differences observed in
regional specialization profiles. Among the key players, German RTOs and Printer Manufacturers occupy a central
position. This is particularly the case in the field of metal AM which is seen as a main strength of the European
economy. They are followed by large RTOs and well-performing service providers who plug in to different value
chains as to develop thematic capabilities. Large multinational firms active in digital solutions, new materials,
electronic devices, etc. are also part of the technology developers as they seek to develop internal capabilities that
will allow them innovate and derive value from a differentiating technology. Aerospace and healthcare seem to be
on the forefront of public support at the European level. However, publicly supported Research and Development
also addresses areas such as sector-related AM applications (in the automotive field for instance) or the use of
materials such as ceramics or biomaterials in AM processes. Cross-cutting issues are also being investigating such
as the combination of additive and subtractive forms of manufacturing. From a technical point of view, most
research seems to be directed towards Selective Laser Melting and biomedical applications. The bibliometric analysis
shows for instance that the most outstanding topics being researched in Europe relate to “ Biomedical Implants with
Electron Beam Melting and Selective Laser Melting’,  Mandibular Reconstruction Surgical Planning' and “ Selective
Laser Melting’. Subsequent analyses show that key players — among which leading printer manufacturers and large
multinational companies — are indeed active in Europe on these segments.

The application-driven case studies show that the AM landscape is still getting off the ground and shaping up around
key application areas. It is driven by factors such as materials or technologies used, management cultures, and
these can vary from an application area to another. The role of certification is only one example in that regard.
Missing and under-developed capabilities were identified for each of the value chains under the scope (see
Table 12) as to complement the overview of the regional repartition of AM activities across the European value
chains under study. They come together with the finding that capabilities should better be connected throughout
Europe. Although AM players (companies providing services, systems, and materials for AM) are very often active
in different areas, the landscape of AM capabilities in the industry remains fragmented with varying levels of use
(when comparing small mold making companies compared to large integrators). It is particularly fragmented in
areas where links are directly established between AM players and end-users (customers) such as in food printing
or in the decoration field, where consumer participation is of main importance to the value chain. Some
concentration effects can however be observed. The AM software segment, for instance, is clearly dominated
by a few strong players from Flanders, Ile-de-France and some other Western regions (together with some non EU
players also active in the EU). A similar pattern can be observed regarding AM powders.

Western European Countries are clearly on the forefront of AM developments. Large German Landers (Bavaria,
Baden-Wurttemberg but also North Rhine-Westphalia) are beyond any doubt the regional systems where most AM
capabilities are concentrated (and above all AM systems). EOS, Concept Laser, SLM Solutions, Trumpf, VoxelJet
and ExOne are leading companies in that regard. They cooperate with leading RTOS and companies from Germany
(LZN and the Universities of Fraunhofer, Aachen, Diisseldorf, etc.) and the Netherlands (TNO). They are followed
by French regions such as Ile-de-France and Rhone-Alpes (where PEP, Fives, Gorgé, Phenix, etc. are active) and
the United Kingdom where key players such as Renishaw and LPW lead the market. Italy is also developing
capabilities, mainly in Northern Regions (Piemonte, Lombardy, Emilia-Romagna) where large industrial players are
willing to investigate AM in the fields of automotive, aerospace but also packaging. Northern Europe (Sweden but
also Finland and to a more limited extent Norway) are also strongly developing in specific AM areas (in Sweden,
the machine tool and automotive industries are current [and potential] customers of AM products and services).
Key players could also be identified in the Netherlands (South Netherlands for instance), Belgium (Flanders), Austria
(Upper Austria for instance), and Spain (Asturias for example). Eastern (and to some extent Southern) Europe
is however at a discovery stage. Although Poland is more advanced, countries such as Slovenia, Croatia, Slovakia,
and the Czech Republic are only starting to develop capabilities in the research sector. Investments are being made
by manufacturers of printers to enter Eastern European market but the state of play remains at a very early stage.
Also service providers are important in terms of enabling traditional sectors: from that point of view, Belgium (with
Materialise, Layerwise, and Melotte in Flanders) is among the Western European countries that draw on a strong
knowledge basis. New players such as in the field of food AM are also developing in Catalufia on a less common
technological segment (the one of meal printing).
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Table 12: An overview of missing and under-developed capabilities per value chain under study

Application Under-developped and missing capabilities

~_ Area
Surgical planning: Materials capabilities (not only hard materials but also soft tissues, etc.);
i/ Capabilities are mainly concentrated in Western European regions; The software segment
should further be developed.

- Plastic-based car interior components: The CAD software segment could be
X R strengthened further; Capabilities are mainly (if not exclusively) concentrated in Western
& \e European regions.

Metallic structural parts for airplane: Transformative capabilities to turn high-end
materials such as titanium and alluminum into powders are missing in Europe; CAD capabilities
4/ should be further developed; Non-Destructive Testing (NDT) and broader testing capabilities;
f: Post-processing (including finishing) capabilities should be further strengthened; Capabilities
are concentrated in Western European regions; Wire-based AM systems and appropriate

software capabilities are currently missing in Europe; Hot Isostatic Pressing (HIP).

’ Inert and hard implants: Capabilities are mainly concentrated in Western European
regions; Software (incl. simulation/modeling) capabilities should be further strengthened in
the sense of customisation.

Metal AM for injection Molding: Transformative capabilities in high-end powders; AM
Supply capabilities are mainly concentrated in Western European regions and the users are
part of a scattered landscape; Software capabilities could be further strengthened to face
international competition.

Spare parts for machines: All the value chain is currently at an early stage of development:
no clear supply chain could be identified beyond specific (and/or isolated) cases; However,
finishing and post-processing capabilities remain to be developed (surface finition is key to
this application area).

Lighting and other home decoration products: Although they are to develop, no
particular capability appeared to be missing in this value chain — existing capabilities however
remain to be bundled.

3D-printed textiles: Software and simulation capabilities can be further developed; Adapted
systems (in view of in-line production), incl. relevant interfaces; The landscape remains
scattered; New (elastomeric, rigid, conductive, etc.) materials.

Affordable houses: Overall the 3DP activities related to affordable housing are scattered
over Europe with only few countries and some of their regions that do well such as the
Netherlands and the UK. To reach critical mass it would be beneficial to bundle forces. Eastern-
Europe seems not to have activities in this field apart from some SMEs activities from Slovenia.
A majority of the most important activities seem to be concentrated in Western Europe
(German speaking regions for material development and robotics, UK and the Netherlands).
One additional missing capability is not technological but relates to the financing and
ownership strategies of promising ventures especially in the fields of design and software
development. It seems that the continuity of European ownership is not always realized in this
field what may potentially hamper optimal growth of the company targets and their European
ecosystems. Furthermore even and especially in countries that are active in the field there
seems to be a need for ‘bridging people’ that understand robotics, software and the
construction sector as to make development projects more successful.

3D-printed confectionery: Because of the scattered and small humber of actors, one of
the main missing capability in the 3D-printed food in Europe is the lack of specialization; The
food industry is not only waiting good results from pilot production examples, but the machines
and raw materials for industrial use are missing as well; The main activities in the 3D-printing
in food are concentrated on few Western European countries, and no clear indication of
companies or research actors from Eastern Europe that have engaged in 3D-printed food is
available.
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While large players (mainly from concentrated sectors such as automotive) are steering some of the developments
in the AM field, SMEs remain in a difficult position due to their limited capacities. The injection molding case was
quite illustrative of the difficulties faced by SMEs when coming to explore AM, due to high technology access costs.
Research and Technology Organisations (RTOs — such as CENTIMFE, CETIM, PEP, TNO, Fraunhofer,
Produtech, Prodintech, SIRRIS and others) prove to be key in bridging AM and SMEs in that sense. There is still,
however, a lack of visibility of available AM capacities in these technology organisations, both between the RTOs
and the SMEs and between the RTOs themselves. Mapping these capabilities and improving access for SMEs still
needs to be stimulated. Moreover, the integration of AM in many sectors clearly leads to technical advances and
the birth of new business models as observed in the areas of surgical tools, in the automotive domain with
LocalMotors (in which Airbus recently invested) or spare parts with Schunk?2, An interesting area in that respect is
“lighting and home decoration products”, which is strongly oriented towards open source models2%3, The use of AM
remains focused on well-defined areas, with parts and products that are mainly existing already but that can be
improved and optimized (from both a technical and economic point of view). When considering AM, the usual
“nodes" linking different value chains are printer manufacturers and services providers providing their inputs to two
(Arcam AB) or more (EOS) sectors. Connections across value chains can be observed for instance in sectors
involving heavy machinery such as automotive and aerospace sectors. This is also the case in injection molding and
spare parts for machines, since both areas are by definition linked to multiple value chains. The development of
AM remains slow in many areas. For example, the AM of textiles is clearly an area developing very gradually:
upcoming applications beyond the manufacturing of shoe soles or protective textiles are rather the expection and
other applications are only anecdotic due to current technical limitations (e.g. textile printing).

Competition is mainly coming from the US (to some extent also IL) as AM (3D-Systems and Stratasys in the first
place) but also industrial leaders (Ford, Boeing, etc.) are dominating the markets under the scope world-wide.
American players are implementing particularly aggressive acquisition strategies and acquired a number of main
European players recently. Europe still shows particular strengths, for instance related to the metallic AM cluster
spread over the German landers of Bavaria, Baden-Wurttemberg and North Rhine-Westphalia?®*. Also Asian
companies (mainly from Japan and China) such as DMG MORI or MAZAK are very active in Europe and gradually
propose competitive products such as new hybrid printers. It is important to take into account the strength of the
European players in various fields of metal Additive Manufacturing. US-based companies (including Stratasys which
is also located in Israel) have a clear lead in most plasti-based application fields while Asian players are either
competitive on a specific line of systems (like Japanese companies in the field of Hybrid Manufacturing) or in
emerging areas (like Chinese companies active in bioprinting).

5.2 From fragmentation to collaboration

Taking into account the fragmentation of the European AM landscape, one can note that the concentration in
particular Western European regions (Flanders in Belgium, Baden-Wurtemberg in Germany, etc.) relates to a form
of specialization in specific supply or demand areas underlying the AM value chains analysed in this study.
Whether these value chains are subject to missing or under-developed capabilities or not, the absence of balance
between Western and Eastern European regions remains clear. It can however be taken as a collaboration
opportunity. During the research, a number of collaboration opportunities were identified in that sense:

> Collaborations that take or could take place across value chains, very often on the basis of similar technical
concerns (the use of particular systems and/or materials, the manufacturing of particular parts of products,
etc.);

> Collaborations that take or could take place along each value chain, very often on the basis of

strengthened collaborations between the various segments of the value chains under the scope and/or the

communities and organisations at stake.
In both cases, collaborations can take place between specific actors acting in a same (regional) ecosystem as one
can observe in the field of AM for injection molding; or across European value chain segments (whether across or
along value chains) such as observed in the case of the collaborative projects and platforms linking the automotive
and aerospace AM value chains. The levels of AM regional specialisation and related fragmentation in
Europe particularly call for international and cross-regional collaboration. Such collaborations (each
being value chain-specific) can or could link Western and European regions, supply and demand in an open
innovation fashion. With some concrete examples, Table 13 lists the key collaboration opportunities identified during
the case study research for each of the application-driven value chains under the scope.

22 Schunk is a German company that has set up an online platform to sell gripper fingers in collaboration with Materialise; See
also
http://www.schunk.com/schunk/schunk websites/news/subject of the month.html?article id=25113&country=INT&IngC
ode=EN&IngCode2=EN .

23 The example of 3dhubs referred to in this case is illustrative in that respect.

24 While European players are leaders in the field of metal AM, the United States drive the main developments in the area of
plastic AM. Food and housing-related concrete for AM remain specific niches.
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Table 13: Overview of the main collaboration opportunities identified for the 10 application-driven value chains

Application

Collaboration opportunities

Surgical Planning: Multidisciplinary collaboration is needed. Communication, collaboration,

exchange of experiences between the different actors (material providers, service providers
and users - surgeons and hospitals) is key. The same goes for universities and businesses.
Especially at the level of materials, the very detailed and focused approach of material research
is indicated as useful for the companies to further develop applications in healthcare.

Plastic-based car interior components: Collaboration platforms already exist between the
automotive and aerospace sectors; as for the other collaboration opportunities in the sector,
these are by nature European (and international/global). They are mainly to take place
between OEMs, AM service and printer providers, RTOs and integrators. Collaboration
opportunities also exist between the car interior component value chain and other transport-
related value chains in Europe. These could be concretized by dedicated collaborative
projects/platforms/networks (EU scale); Other collaboration opportunities could be spotted
such as between the car interior value chain and the textile value chain (through upholstery).
International collaboration could take place between research centers and OEMs on this topic.
Collaborations with other value chains could also take place on the basis of either the materials
or systems mobilised by the sector (plastics, composites, powder bed systems).

Metallic structural parts for airplane: Collaborations could take place across value chains
on the topic of large metallic structural parts, and mainly between the aeronautic, automotive,
defense and space value chains. Such collaborations could be organized at the EU level and
link key OEMs and integrators but also 3DP service and printer providers active in those value
chains across regions and along the value chain. Collaboration opportunities are also found in
the areas of smaller structural (and non-critical) components across the aforementioned value
chains, these could take place at the EU level and involve similar players. Platforms, networks,
projects and other collaborative settings would be appropriate to foster such collaboration as
is already being done under H2020; Collaborations across regions could take place in this area
but also making the link between this value chain and other value chains (such as in the
transportation and Energy fields where common constraints apply) by connecting
demonstration and testing facilities across regions. This could be done bottom-up with the
coordination support from the EU level. Collaborations could finally take place around titanium-
based applications which are in use in the aforementioned value chains (common AM parts
were already identified that can be found in both aeronautics and space systems).

Inert and hard implants: Multidisciplinary collaboration is needed. Communication,
collaboration, exchange of experiences between the different actors (material providers,
service providers and users - surgeons and hospitals) is key. The same goes for universities
and businesses. Especially at the level of materials, the very detailed and focused approach
of material research is indicated as useful for the companies to further develop applications.

Metal AM for injection molding: Collaboration opportunities exist between OEMs,
integrators and mold-makers but also research centers in all value chains making use of
injection molding. Such opportunities can concretize at all levels (along the value chain and
locally between mold makers and RTOs or AM expert companies, cross-regionally between
mold makers and OEMs, etc.); Particular collaboration opportunities could be taken advantage
of cross-regionally in the areas of car manufacturing and packaging (where AM molds could
play an important leverage effect).

Spare parts for machines: Collaboration opportunities are spotted between the machinery
(incl. Equipment manufacturing) and mass production sectors (automotive, packaging, etc.);
Collaborations have to be developed around the combination of subtractive and additive
technologies, most likely in a cross-regional fashion, and should involve both science and
industry.

Lighting and other home decoration products: Regarding the relatively high involvement
of European users (see e.g. Fab Labs or 3D Hubs) within 3D-printing platforms, specific
opportunities for Europe could be supported financially and with specific actions, e.g.
establishing initiatives such as Fab Labs, especially in Eastern European countries. Potential
key regions with high concentrations of involved end users and vendors of 3D-printed home
decoration products were identified (e.g. Netherlands/Nordrhein-Westfalen, in Italy, South
France, and in Spain). Networking activities, knowledge exchange platforms, and other actions
could support local players and raise common awareness.

3D-printed textiles: Especially collaborations between research institutes and textile
industry (including between designers and OEMs), and also with 3D-printing end users,
including 3D-printing communities. Opportunities emerge in suing textiles in other industries
such as automotive and aircrafts (Cross-sectoral collaboration). Collaborations should be
supported, especially between research institutes and textile industry. Collaborations with
companies from Eastern Europe where many textile manufacturers are located (although they
are often subsidiaries from MNE).
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Affordable houses: Collaboration between various value chains e.g. construction sector with
aerospace industry and defense industry both on national and European level. More
collaboration is needed between different fields. Especially cooperation between architects
and experts from robotics, software and construction industries is needed.

3D-printed confectionery: Fostering of research collaboration at European level by
including private unprejudiced innovative food technology companies into projects, and
improving knowledge exchange of European research organisations in common projects.
Sharing of facilities and platforms of 3D food printing at the current exploratory phase should
be encouraged at the regional level. Encourage research partners to adapt open innovation
and co-creation principles. This would also potentially lead to the development of stronger
regional ecosystems linking research organisations and the food industry. The research of 3D
printing in food would benefit of European level research projects that integrate technology
and business development. Understanding from food processing technologies, business
models and consumer acceptance are to be strengthened simultaneously.

5.3 Aiming toward the disruption of European AM value chains: emerging and future
areas

The study of the structure and mechanisms of the 10 AM-driven value chains is a reminder that most application

areas are still at an early stage of development. The areas under the scope are indeed concerned with different

levels of maturity. One could position the selected areas as follows:

> Mature AM areas are the pioneering areas (TRL 8-9). These include the surgical tools (and in particular
surgical planning tools), hard and inert implants, injection molds with conformal cooling as well as aircraft
structural components. These entered or are entering the market as they could benefit from the comparative
advantages of AM regarding short series production (mainly product optimization and customization).
However areas such as healthcare and aerospace face strict regulations which drives airplane manufacturing
companies for instance to focus their use of AM on non-critical components such as interior components.

> Intermediary areas include all components in the car manufacturing industry (both car interior and
demanding components) (TRL 6-8): although AM is not used for production in this sector, it is extensively
used for prototyping and tooling. Also in the food sector, the use of AM for confectionery is at an early stage
but shows an existing market and consumers.

> Less mature areas and emerging areas include textiles 3D printing (with printing of soles for shoes is
the most advanced area) and the printing of spare parts for machines (TRL 5-7). Also construction AM is
part of this area as it recently moved to full-scale AM of houses and has a commercialization horizon of 5 to
10 years. Home decoration AM is still a niche and can therefore fall under this category.

The established value chains under the scope are therefore not disrupted yet by the integration of AM
technologies. However, some changes are taking place that can be summarized as the contraction of some
value chain segments at the product level. This is the case when AM is used for specific products and leads
to ‘shortening’ the supply chain. AM printer manufacturers and service providers, for instance, are somehow "by-
passing’ some of the traditional players (steps) involved in the initial value chain: AM is for instance competing with
injection molding in many sectors where protototypes can be printed and do not require molds anymore, or in
sectors where it doesn’t pay off to have expensive injection matrices given the production size (e.g. in aerospace
for the production of polymeric cabin components in aircrafts). In the case of surgical tools, AM service providers
directly provide surgeons and hospitals with AM tools. One can also observe an increase of the involvement of 3D-
scanning companies in this value chain, increasing the importance of scanning companies in the value chains
underlying inert implants for instance. Collaborations are being put in place as service providers collaborate for
instance with heavily regulated sectors such as in healthcare and aerospace. Thus for some particular products
only, AM is disrupting the existing value chain(s) but did not completely impact the position of traditional players
in their respective value chains; or it leads to the setting up of new forms of collaboration between newcomers (AM
players) and traditional players.

A number of key emerging areas (see Table 14) such as in the field of personalized food or smart textiles, for
instance, remain highly promising and could prove to be disruptive. Table 14 provides an overview on all emerging
and future areas spotted during the case study research and at the level of each of the application-driven value
chains under the scope. These are at different stages of advancement and are subject to various levels of
expectations. In the fashion textile area for instance, the role of designers holds a particular importance but raises
questions such as IPR. Other emerging trends such as in the decoration product and spare parts markets suggest
that completely different chains could emerge if digitized platforms allow for collaborative and localized production.
Such assumption(s) should however be carefully assessed as both areas are at a niche stage. In the spare parts or
in the machinery segments, AM has been largely exploited for fast-prototyping, but not yet taken up more broadly
by industrial players. New applications are expected to grow such as in the field of bioprinting (closely related to
the printing of implants) or food (where AM is still an early-stage niche market that is slowly developing). Emerging
areas also relate to upcoming developments seeking to overcome the limitations of current technologies. AM is a
technology that indeed faces many limitations (high cost, slow production rate, limited surface quality, etc.). It
however proved to be relevant to many needs and demands from many industries regarding the possible integration
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of parts, new designs and optimized parts and products. Moreover, the social benefits that could be derived from
AM at the end of the value chain are also of main importance: whether it concerns more precise tools for surgeons
or lighter airplanes with reduced CO2 emissions, AM clearly has the potential to contribute to address Grand
Challenges. Although their level of maturity varies, all present cases show promising economic potential. Both
emerging and future trends were identified in the case studies such as regarding the development of multi-material
printing, hybrid manufacturing, food bioprinting, etc.
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Table 14: Emerging and future AM areas - An overview derived from the application-driven case studies

Application

Emerging and future AM areas per value chain

Surgical Planning: Soft and flexible materials. Currently surgical planning is still mainly focused on hard tissue in the body. A large part of the body consists of
soft tissue though. The materials for e.g. cardiovascular and gastrointestinal models requires elastic properties from the material. There is still a lot of potential in
modelling and simulation for surgery. Very important is the identification of the problem and the quantification of the problem (diagnostic purposes). 3D-print
enabled surgical planning services (induced by the availability of AM models and surgical tools/guides and the need for software and specialist service providers.

Plastic-based car interior components: Printing of lightweight and/or complex parts; Composite materials for car interior component printing; Hybrid
printing methods; Customized 3D-Printed cars and related business models (such as in the case of LocalMotors); Decentralised and on-site production of parts (at
dealership, etc.); Printing of large components; Full production scale printing of car components; Full car printing; Multi-material and multi-color printing; Integration
of components through AM.

Metallic structural parts for airplane: 3D-Printing of large components and structures (aircraft wings and fuselage are current targets); Wire-based printing of
metallic structural parts, which is currently at a demonstration stage; In the longer run, some see the printing of entire airplane structures as a possible (though still
speculative) future area; Maintenance, Repair and Overhaul (MRO) and on-site production of (spare) parts for aircrafts; AM of small critical components and
mechanically loaded parts; Use of composite materials in the printing of structural components; Development of proper monitoring and control mechanisms.

Inert and hard implants: Bio-degradable material (in the next 5 years); 3D-printing of drug (in the next 5 years); Bio-printing (20 years or more).

Metal AM for injection molding: AM for thermo-plastics injection molding; AM for injection molding in specific mass production sectors such as automotive
(thermal exchangers, light components, and new solutions for gearbox) and packaging (bottle caps, etc.); Hybrid systems to 3D-print injection molds; Pre-series
production; Prototype molds printing; Full development of digital solutions; Multi-material molds.

Spare parts for machines: Maintenance, repair and overhaul (MRO); Distributed manufacturing and on-site printing of spare parts for machines (business model
evolution); Non-strucural machine parts - which are not subject to guarantee issues; Spare parts for machines used in mass production sectors (automotive,
packaging, etc.); On-demand (platform-based or through hubs) printing of spare parts for machines; Design selling (instead of parts).

Lighting and other home decoration products: 4D printing, which will be delivering definable and varying material qualities, including electronic qualities,
within one printed object, will open potential application fields for consumer products, especially for lighting products; Specific and various material qualities will be
possible within one printed object, including electric conductivity.

3D-printed textiles: New technologies and combination of printing materials, as well as input from other printing techniques, such as ink-jet printing, help to
develop new applications thus leading to new and fast developments of 3D-printing technologies; Leight weight constructions; Smart Textiles (Electronics).

Affordable houses: Printing entire buildings requires new AM solutions. One key solution offered is the use of very large printers that do either produce large
pieces that can be assembled into bigger structures or come up with entire units such as rooms or houses. Another alternative and more flexible solution - the
combination of robotics and AM technology - comes into play when the pieces are bigger than the printers; Online applications will appear where clients can
customize their houses. New business model could appear where people can order new doors or new colors for their house even by paying monthly fees or
membership money (e.g. Spotify); Temporary buildings like pavilions for festivals that only stand for a few days/weeks - or shelter in disaster areas.

3D-printed confectionery: Personalised food (like adding proteins, vitamins etc) for special nutritional and dietary needs (e.g. people suffering from illnesses,
elderly, health consious consumers); Substitute and alternative food materials (e.g. using insects as source of protein, 'meat' like vegan products); Emerging service
innovations (e.g. new ways of serving food that create socio-technical change).
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5.4  Toward a faster uptake and deployment of AM in Europe: policy implications to
address the barriers to AM uptake and deployment

Key barriers were identified along the research process for each and every one of the application areas referred to
under Section 4/. Barriers were observed which related to a broad nhumber of policy areas. The lack of knowledge
is among the most recurrent ones and mainly consists in the lack of skills and appropriate curricula, but also in the
lack of knowledge available to characterize and standardize the AM materials and processes at stake. Key Research
and Development tracks were identified in that respect as highlighted in Box 23.

Box 23: Research and Development tracks

> Examples — AM Materials: Biodegradable materials, Composite materials, Material feedstock, Materials
explosivity, Materials toxicity, Metal material properties, Multi-material printing, Recycled materials,
Cellulose fibres, Health impacts of AM powders.

> Examples — AM Processes: Diagnostics and sensoring, Digital Design / CAD, Hybrid manufacturing,
Large parts printing, AM Processes, AM efficiency, Quality monitoring and control, Software development.

The technical limitations but also the cost of printers and a persistent lack of awareness among potential user

communities are also recurrent barriers. They come together with difficulties to overcome traditional ways of

manufacturing and cultural barriers in private organisations. Barriers to the uptake and deployment of AM along

the selected value chains are also strongly linked to the structure of the market and composition of the chain

(including underlying mechanisms such as the bargaining power or demand). It is also important to highlight that

some of the barriers that appear to be critical relate to missing knowledge or capabilities. Two main missing

segments where no or few European players are active are in that respect:

> High-end metal-based material capabilities, and in particular transformative capabilities of materials such as
titanium, aluminum and magnesium (see Box 24);

> And the post-processing segment (where Hot Isostatic Pressing is absent and finishing as a whole is to be
developed).

Box 24. Eye On the Issue of Metal Powders — The focus on transformative capabilities

It has been acknowledged that AM materials require further development?®>. The present report mainly
highlighted the critical importance of aluminum, titanium and to some extent magnesium to the European
AM industry. Among the three types of materials, only magnesium (which is also used in almost all aluminum
alloys) was considered a critical material in 2010 and in 2014 as 96% of the supply came from the 20 most
significant producing countries and 86% from ChinaZ?®, While there is in addition “no significant production [of]
(...) titanium in within the EU"7:2%8,2%° Europe is an aluminum producer3® and a leader in aluminum recycling3°L,
The titanium industry is concentrated in both supply and demand markets, pursuing its vertical integration.
Aluminum on the other hand is subject to a low level of concentration. Metals such as aluminum and titanium in
particular are concerned with both technical and economic difficulties, and processing appears to be a
main challenge3%2; skills, knowledge and modeling are areas that require further support in that respect. One
can notice that AM is not among the largest consumers of metal powders. These are however critical to the
AM industry. The present report shows that besides raw material supply, transformative capabilities are
the ones to be further developed in Europe. These consist in activities aiming to (and related organisations
able to) transform and recycle (raw) materials into proper AM materials (such as powders, wires, etc.). This
segment was found as being a key missing/under-developed capability.

Table 15 provides a summary of key barriers per application area listed from the application-driven case studies.

2% Measurement Science Roadmap for Metal-Based additive manufacturing. National Institute Standards and Technology, US
Department of Commerce. 2013. http://www.nist.gov/el/isd/upload/NISTAdd Mfg Report FINAL-2.pdf

2% Source: http://www.polinares.eu/docs/d2-1/polinares wp2 chapter2.pdf

297 Source: http://ec.europa.eu/DocsRoom/documents/10010/attachments/1/translations/en/renditions/native

2% In Europe, only Norway produces titanium (See http://ec.europa.eu/growth/sectors/raw-materials/specific-
interest/critical/index_en.htm).

299 See
http://titanium.scholarlab.com/customer/titanium/resources/tieurope2014/SchneiderUweWorldIndustryDemandTrendsTiEU
2014.pdf

300 https://ec.europa.eu/growth/tools-databases/eip-raw-materials/sites/rawmaterials/files/Bauxite%20-alumina%?20-
aluminium%?20Presentation%20.pdf

301 See http://ec.europa.eu/growth/tools-databases/newsroom/cf/itemdetail.cfm?item type=251&lang=en&item id=7054

302 Source: https://ec.europa.eu/research/industrial technologies/pdf/metallurgy-made-in-and-for-europe _en.pdf. Pg.46.
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Table 15: Overview of the main barriers hampering AM uptake and deployment in 10 application-driven value
chains

Case Stud
Surgical Planning: lack of training and appropriate skills (CAD, management, manufacturing,
etc.); the lack of a multi-disciplinary approach; the lack of awareness across the user community;
the fact that printers remain expensive and not precise enough; the rise of virtual reality technologies :
allowing for virtual planning and therefore competing with AM-based surgical planning. ll

Plastic-based car interior components: limited performance of AM regarding efficiency, surface
quality, automation, scale economies and the printing of large parts; the fact that 3D-printed parts
remain expensive and not fully sustainable but also that post-processing is still needed; the lack of
qualification of AM materials and processes as well as appropriate design rules; the lack of
appropriate curricula and skilled workforce; the risk-aversion and manufacuting conservatism of
company and technology managers; design/CAD IPR.

Metallic structural parts for airplane: rising competition from composite materials; heavy : /;5
regulations; lengthy development plans; the lack of knowledge and skills; printer manufacturers’ AN 4

strategies regarding powder uses (use of specific powders made conditional to the use of certain C"" =~.'
printersa; the need for common standards and further characterization of AM materials and ‘

processes; missing knowledge (about health and security implications of AM); scalability issues;

poor quality and surface finishing; the lack of detection, monitoring and control of surfaces; the lack

of transformation capabilities in Europe and the availability of high-class, passivated clean powders,

including aluminum, magnesium and titanium; the lack of streamlined information and insufficient

awareness.

Inert and hard implants: this area is constrained by users’ low adoption level; certification

requirements and related uncertainties; IPR and regulation concerns; technical isssues; the quality ’
and availability of relevant materials; the current regulatory framework; limited skills and technology

development (including R&D/characterisation and standards).

Metal AM for injection molding: printers and powders remain expensive (mainly for SMEs) but nl

also faces issues such as: skills availability; growing demand toward AM system manufacturers; b )
cultural conservatism; lack of AM awareness; lack of demonstration activities; lack of multi-

disciplinary curricula; AM technical limitations (cleaning of cooling channels, printing of large molds, ‘

precision and surface finishing, etc.); insufficient qualification and certification of AM materials and
processes; transformative capabilities in the field of metal powders; players standing as bottlenecks
in the field of metal powders3%; fear of having companies’ designs stolen; development of internal
AM capabilities in client companies; little bargaining power of SMEs; international competition
coming from plastics and composite materials; design/CAD IPR.

Spare parts for machines: AM is expensive and sub-optimal; appropriate skills and curricula; risk-
avoiding culture; availability of spares; need for a clear available distributed network; designs
availability; printers’ warranty and replicability of the parts; missing knowledge about AM materials
and processes;; differences between materials, printing conditions; lack of precision of AM.
Lighting and other home decoration products: technical limitations (production time, finishing,
quality, toxicity, stress testing, costs); need to develop materials and processes (incl. 4D-Printing);
the market is small and dedicated to expensive designer products; only few key players are active
in this area; missing knowledge about 3D-printing; consumption is low; awareness and quality
information are missing.

3D-printed textiles: lack of technological knowledge; missing fast in-line processes; insufficient
mechanical properties; inadapted textile CAD data; insufficient resolution; need for process and
materials characterisation; need for simulation and software; AM productivity; lack of common
research and interactions between key players; concentration of supply capabilities in Western
Europe; limited performance (size of the product, printing length, costs; missing material (from
elastomeric materials to rigid or conductive materials) and finishing capabilities; lack of hew business
models; strength and quality of materials.

Affordable houses: limitations of current robotics and printers; no part integration,
multiperformative and multimode operations; need for computerized assembly lines; size, volume
and cost of AM; complexity of human/robot interactions; materials; scale; speed; skills; current
paradigms; conservative and risk-avoiding culture; lack of multi-disciplinarity; lack of awareness;
standardization, building and safety regulations; lack of creative entrepreneurship3%4,

303 e,g a printer manufacturer conditioning the use of its printers to the use of its powders.
304 A lack of focus from entrepreneurs on issues such as culture and design, IT and gaming, infrastructure, safety thinking (related
to housing issues), standardization, sustainability.
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3D-printed confectionery: Heat and ingredients; AM performance; missing knowledge; lack of
critical mass; knowledge about temperatures during the extrusion process; consumption habits;
image of AM food; price of AM food; food safety; absence of regulations; lack of viable business
models; not all food ingredients are applicable to 3D printing yet; need for technologies to extrude

multiple ingredients.

Policy implications were derived for each of the cases which are presented in details in Section 4 of the
Background Report. An overview of key policy implications is provided in Annex 3. These imply that an EU strategy
for AM is to be reflected on in the first place. When conducting the cross-case analysis of these policy implications,
the following headings and indications were identified that synthesize the key fields for which public action is

needed:

Box 25:

Skills and the availability of appropriate and multi-disciplinary3° curricula are a crucial issue to be
addressed. This was identified as a key barrier to be overcome in all case studies. Training should be made
available which would deal with AM and particular aspects of AM (such as CAD, materials, management,
etc.). Such development is most likely to take place at the level of EU Member States, but the European
Union could take a coordination role in order to streamline efforts made in this area.

» A consultative process could for instance be launched by the European Commissfion which would
trigger collaborations between education stakeholders and the AM community. This participatory
process could gather relevant stakeholders and key organisations to shape up a new ground for
multi-disciplinary curricula at all education levels and how to ensure their uptake.

Awareness should be raised at all downstream levels of the value chains under the scope: engineers,
technicians, R&D and company managers, but also consumers and end-users in general should be made
aware of the pros and cons of AM in order to allow for the necessary cultural shift. The so-called cultural
shift both concerns the focus on formative and subtractive methods as well as the reluctance to adopt
new — less proved — technologies.

»  Two main tools could be mobilized in that respect: first, the European Commission could initate
a one-stop shop that could take the form of a website dedicated to Additive Manufacturing and
of which content could deal with the various aspects of AM in Europe but also world-wide (incl.
links to calls for projects, an interactive mapping of key AM infrastructures and services, etc.). A
second tool would be thematic events to target 1) (potential) users and 2) company managers.
These events would be orfented toward particular issues that are key to the competitiveness of
particular value chains or application areas.

R&D support (including experiments and prototyping) is required in all areas, whether emerging or
already advanced. Technical barriers related to the size of the printed parts, the efficiency of the process,
etc. are key barriers to be overcome in order to make sure AM reach an appropriate level of maturity in
the areas where Europe has or can develop a comparative advantage. R&D support is most likely to be
collaborative in order to allow for knowledge and technological transfers and broader diffusion. By
collaborative, it is meant that R&D should bring together RTOs, large companies and SMEs, as well as
users3%, Such support could be brought at the regional, national and European government levels.

Examples of R&D areas to be supported

Surgical Planning

. Research on materials: (a) on elastomeric type of materials which can be used for medical models
and (b) multimaterial printing;

. Research on the accuracy and the fidelity of the 3D-printed models;

. Design features for 3D-printing3?’.

Plastic-based car interior components

. Quality, consistency of production outputs;

. Composite materials for car interior component printing;

. Application of biomimicry to the AM of car components.

Metallic structural parts for airplane

X3 Explosivity of metallic nano-sized powders;

. Quality of material feedstocks in powder-bed AM systems;

305 When taking the example of affordable housing, such multi-disciplinarity could involve mixing robotics, software and
construction, with particular emphasis on design and software development. In the food sector, these would entail food
sciences, processing technologies, etc.

306 And to the extent relevant government authorities.

307 Currently the design process of 3D-printed implants is very long and complex. There is certainly a need for further improvement
of the medical imagine-processing software. The "connection" between CT-data and intelligent design of applications can
still be improved.

92




. Properties of large multi-material and composite-printed structural parts for airplanes.
> Inert and hard implants

. Research on materials: the strenght and porosity of the inert and hard implants (towards the
future: futher research on biodegradeble materials and bio-printing);
. Design features for 3D-printing3%;
. Userfriendliness of the user features of 3D-printers. Often there is no automation or only semi-
automation.
> Metal AM for injection molding
X3 Bi-material (copper and steel) mold printing;
. Hybrid printing and the finishing of cooling channels in injection molding;
. Inter-operability of metal powders such as titanium and aluminum powders.
> Spare parts for machines
. Post-processing and the finishing of surfaces with mechanical properties;
. Hybrid manufacturing (combining additive and subtractive techniques) of (non-) structural

components for machines such as air compressors, compellers, water pumps, separators and parts
of forging machines;

. Analysis of distribution patterns of spare parts for the development of additive/subtractive hubs.
> Lighting and other home decoration products
. AM processes; Printing qualities are still not sufficient for small objects and products often need
further surface treatments after printing;
. Material properties; Technological advancements, e.g. 4D printing, which will be delivering

definable and varying material qualities, including electronic qualities, within one printed object,
will open potential application fields for consumer products, especially for lighting products;

X3 Toxicity, explosivity and broader health impacts of used materials.
> 3D-printed textiles
. Quality monitoring, control and detection systems;
X3 Recycling and sustainability are the strongest arguments for 3D-printing as production can be
achieved without too many remnants and waste;
. Materials selection, materials properties including health impacts (esp. also recycled materials,

such as cellulose fibres).
> Affordable houses

X3 Materials should still be developed that can be processed on printers or contour crafting machines
and that can fit the requirement of the building industry;

23 How AM, robotics and automation together can change the way things are done in the construction
sector30%;

. Software development.

> 3D-printed confectionery

. Technologies of 3D food printers (e.g. temperature fluctuations during extrusion process, printing
speed);

23 Creating of multi-textural food structures (e.g. printing of different layers with materials that have
different viscosinity);

. Research in viscosity and consistency of food materials (e.g. particle size of printanble materials).

- R&D support would most likely be collaborative and applied cross-regionally. A broad range
of instruments could be mobilized in that respect: networks of infrastructures connected
across European regions and coordinated at the regional level; collaborative R&D projects
supported by regional, national and European authorities; as well as other targeted tools such
as innovation vouchers or financial incentives (R&D tax credits at the national level, etc.).

4. Among the key areas to be supported, the combination (and comparison) of subtractive and
additive methods (for instance in the form of hybrid manufacturing) is to be supported in order to make
Europe able to compete with Japanese competitors on a high-potential segment.

5. Europe is well-placed to streamline all standardization and certification efforts being made in the
context of different value chains. The inter-operability of materials is for instance a key area where public
support would benefit the industry. It is however important to note that standardization is only useful
when the technology is characterized and mature enough. Examples of possible working areas relevant to
standardization efforts are provided in Box 25, showing that qualification is to remain a priority in some of
the application areas under the scope.

308 Currently the design process of 3D-printed implants is very long and complex. There is certainly a need for further improvement
of the medical imagine-processing software. The "connection" between CT-data and intelligent design of applications can
still be improved

309 The assumption is that the industry is not only going to use 3D-printing but a whole set of different operations into the building
process. In the factory of the future, they see the building process completely robotized. Alternatively robotics could be
included in the 3DP category or appear as another value chain with which collaboration has started
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Box 26: Working areas to guide standardisation - Examples

Description of the working area
Y Standards on classifying and labelling 3D printed food are needed.
- % 3D printed food safety regulation, mainly in serving and distributing
food (e.g. hygiene of self serviced 3D printers and vending machines
at supermarket, producing food vs selling packaged food) is also a

’ key area. Standardisaton working
—(“ Standards should be found in the field of plastics used as material areas
' \e for car interior components and which should present certain

mechanical properties.

% Powders inter-operability in order to ensure the operational
\ functioning of powders in powder-based systems.
;,,f’ Metallic powders should be subject to further characterisation before Characterisation and
mb being subject to standardisation.  Standards should be standardization running in
" developped for powder-based systems but are also needed for wire- parallel for different
based processes to spread. systems
Several materials used for 3DP are currently being investigated and Qualification and
their properties are actually not known yet, meaning that certification as main
i standardisation can only happen at a later stage. Qualification will priorities
therefore matter in that respect.
[ Regulatory framework: uncertainty with respect to certification at

national and EU-level hampers the uptake of AM. A clear regulation
with respect to certification should be developed.

6. European Fab Labs (Digital Fabrication Laboratories) should be used as test beds319. Regions would
be well-placed to steer such tests due to territorial proximity.

17. Another example of policy implication relates to Intellectual Property Rights (IPR). The current
analyses suggest that monitoring and enforcement could reduce the risk-avoiding behaviour of most
companies active in different markets and who could take advantage of AM depending on the area (see
Box 5). Examples of actions are listed below, which are illustrative only (further analysis is recommended
to assess the need and usefulness of the listed examples):

- Information capabilities of key Intellectual Property instances could for example be
strengthened by setting up an observatory (which could be related to the EPO and/or IPO for
instance)3!! in order to watch over new industrial designs and their reproduction.

- IPR regimes could be enforced at both EU and national levels. This particularly concerns the
protection of design patents and copyrights over original parts.

- Monitoring acquisitions in the field of construction AM would allow following where the most
important IPR portfolios are and monitor new market dynamics.

- Meaningful IPR could be boosted by bundling resources for top European research.

- In the field of consumer products, IPR helpdesks and IPR support from the public could also
cover new forms of IPR such as creative commons, rules concerning open source software
development, etc.

- In sectors such as mold-making and textiles, activities supporting the involvement of users
could have an open source character. Collaborative contracts with RTOs should in any case
be made clear and SMEs could be supported, protected, and informed about the possible
options available to protect their designs.

- Collaborations could be foreseen in order to capitalise on upcoming working groups and
current progress in the definition of AM-related IPR lines3!2,

310 This is applicable to all value chains, with a particular interest from the side of food printing and textiles.

31 Examples are  provided in  http://www.tandfonline.com/doi/abs/10.5437/08956308X5705256  and  on
http://ubiquity.acm.org/article.cfm?id=1008537

312 See for instance
https://www.gov.uk/government/uploads/system/uploads/attachment data/file/421543/A Legal and Empirical Study int
o the Intellectual Property Implications of 3D Printing - Exec Summary - Web.pdf as well as
https://www.gov.uk/government/publications/3d-printing-research-reports.
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Box 27: The importance of IPR - Addressing current and anticipating on future issues

Although IPR were identified as current barriers to the adoption of AM313 in the mold-making and automotive
sectors, they are not perceived as main barriers to the deployment of AM in the aerospace, surgical planning
and spare parts cases3!4. In the first two cases, the key IPR issues relate to AM designs and copyrights. Industry
players fear that their designs could be stolen and that their parts/tools could be reproduced. In addition to
those two groups, 3D-printed hard and inert implants, confectionery, affordable houses, home decoration
products and textiles are areas where IPR issues could arise in the future but such development is to be
approached carefully. Policy implications were therefore suggested in line with the different levels of maturity
and related importance of IPR issues.

7. As already pointed in the case studies, the access to high-end materials is crucial. Europe is subject to
missing capabilities in this area. Therefore, European and National but also regional entities should
facilitate the access to critical materials3*5 (titanium, aluminum, magnesium, etc.) and more precisely
develop the related transformative capabilities by supporting initiatives such as:

- Market intelligence;

- Improvement of business development conditions;

- Capacity development through co-investment (in transformative processes for instance) that
could take the form of direct R&D support or financial incentives;

- Support to the qualification and standardisation of the materials through strengthened
coordination at the European level;

- Urban mining3® to be developed at the local level with the support of higher levels of
government.

8. Other capabilities should be further strengthened, for instance using similar tools than the ones referred
to in the context of supporting metal powders transformative capabilities:

- Some functional capabilities are still missing in Europe that are crucial to the further
deployment of AM. These mainly concern finishing and in particular Hot Isostatic Pressing
in the field of metal AM.

- Other capabilities should be developed or reinforced at the level of the first segments of the
AM value chain. These include 1) simulation and 2) testing.

9. The development of new business models should be supported: new business models are indeed
required in areas such as food printing but also in automotive where companies such as LocalMotors in
the US already introduced a new form of car manufacturing to the market. This is also the case for the
textile value chains where user-driven platform-based models are to be further explored.

- Digital policy should therefore foster intelligence in the field and facilitate the testing of new
business models (at both European and national levels).

10. Closer to the market, pilot production and demonstration capabilities remain to be supported and
connected across European regions. Cross-regional demonstration activities should be supported as
well as joint actions and collaborations among exising actors, whether on a case-by-case basis or through
(a) one-stop-shop(s). This would allow a better connection between supply and demand as well as to flow
knowledge and network towards Eastern European regions.

- The European Commission could take an orchestration role in that respect, by supporting the
setting up of relevant networks, structures and upgrading of current/emerging capabilities.

- First of all, the lack of visibility and the absence of clear overview of AM capacities in RTOs
calls for a mapping of such capabilities (including equipment and infrastructure but also
services).

- Specific technologies could be targeted: wire-based technologies are close to market
deployment for instance and hybrid systems are reaching a demonstration phase. These are
examples that should be further supported and are further detailed in the case studies.

- During the case studies it was confirmed that cross-regional collaboration would be
appropriate to address the fragmentation of AM capabilities in Europe.

11. Collaboration is to be fostered (see examples in Figure 27).

313 IPR are a key issue in all value chains under the scope. They were however not identified as key current barriers to the
adoption and/or deployment of AM. In most value chains, the weight of IPR as a policy issue is expected to grow, but it is
recommended not to design and implement policy in a premature fashion.

314 In the field of spare parts AM, the issue rather relates to the general terms and conditions that are contract-based and lead to
conditions over the warranty associated to one or another machine.

315 Through certain initiatives such as studies and projects, the EC contributes to this ambition. One can for instance refer to the
study on the legal framework for permitting, Horizon 2020 project MIN-GUIDE developing a European Guide to Minerals
Policy, Horizon 2020 project MINATURA2020 developing a concept of Mineral Deposit of Public Importance to secure access
to deposits. A part of Horizon 2020 will also most likely contribute to put in place appropriate framework conditions, social
aspects and industry competitiveness, as well as appropriate policy settings. Among others, the EC collaborates with the
European Institute for Innovation and Technology (KIC on Raw Materials) on setting up a European Investment Platform on
Raw Materials and Recycling in the framework of the European Fund for Strategic Investments.

316 'The process of reclaiming compounds and elements from products, buildings and waste.
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- Collaborations could be triggered on the basis of similar technical concerns (the use of
particular systems and/or materials, the manufacturing of particular parts of products, etc.)
shared by key actors from different value chain segments.

- While existing collaborations (between automotive and aeronautic players for instance) can
be supported, the emergence of others also requires public intervention (such as in the case
of injection molding where collaboration between RTOs and mold-makers is to be facilitated).
A wa to trigger such collaborations would be collaborative R&D support but also cluster
initiatives that could be supported by national and regional entities in collaboration with the
European Commission.

i Cross-value chain fertilisation would allow speeding up the market deployment
of AM across value chains. There is a clear opportunity for European authorities to
take advantage of existing (nascent) collaborations and foster the emergence of new
collaborations across value chains?'7 on common AM issues.

ii. Not only collaboration can take place across value chains, but also along relevant
value chains by fostering collaborations between segments such as presented in
Table 34 which provides selected examples of possible collaboration opportunities
both across and along value chains.

Figure 27: Collaboration opportunities along and across value chains — Selected examples

i
Accross value chains: Space, Defense, Automotive S ﬁ{
Along value chain: OEMs, New service providers, etc. LV%'

Accross value chains: all other manufacturing value N
chains (Auto, etc.) through demand/supply N
Along value chain: collaborations of Mold Makers with ‘

RTOs, service providers and printer manufacturers

Accross value chains: robotics, electronics (smart 3

»
textiles), health, security, car upholestry, fashion, etc. — '»—
Along value chain: designers & OEMs

Accross value chains: healthcare, packaging, etc.
Along value chain: Research centres and food industry

Stimulate and orient the demand side

12. Whether emanating from users or consumers, demand is key to most AM value chains under the scope.
There is an opportunity to stimulate demand in an appropriate way across the value chains under the
scope.

- This could for instance go through integrators in the automotive market, the consumers in
the food market, etc. Affecting food preferences or using regulation could impact the growth
of AM deployment in many value chains.

13. Demand could be activated in different ways depending on whether the demand is rather baded on
Business-to-Business (B2B) or Business-to-Consumer (B2C) mechanisms:

- From a B2B perspective, two possibilities arise:

v. The price of AM is a recurring issue that keeps SMEs with limited capabilities but also
larger risk-avoiding companies from investing in 3D-Printers or AM services. Co-
investment is therefore needed from public authorities in order to facilitate the testing
and the acquisition of printers. Innovation vouchers could for instance be used to
facilitate the access of SMEs to relevant Research and Technology Organisations (RTOSs).
Tax (credit) schemes or other financial incentives could also be mobilized in that respect.

vi. Another aspect is based on the findings from the aeronautic value chain under the
scope. It is showed in this case study that environmental regulation can affect airlines,
which put pressure on integrators and OEMs so that they design and manufacture
optimized airplanes with reduced levels of CO2 emission. Similar mechanisms could be
applied to a broad range of application areas as to foster the deployment of AM.

- From a B2C perspective, user platforms should also be financially supported, especially
in the benefit of Eastern European regions so that Fab Labs can emerge across Europe.
Platforms and networks for consumer participation could for instance be strengthened in fields
where consumers play a key role such as in wearables, homen decoration but also
confectionery.

14. In all fields a need for a common repository, streamlined information and awareness raising was
flagged. This could be operated at the European level in order to make sure that a homogenous set of
information is managed and diffused, not to be confused with marketing by potential user communities
who would be the main target.

317 For instance between defense, automotive, space, aeronautics, transports; but also between textiles and a number of other
value chains; etc.
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- An example could be to have a one-stop website (serving as repository of information)
sponsored by the European Commission and managed in collaboration with research and
industrial communities such as suggested under the first heading of policy implications (Point
2). Such website could among other things aim at clarifying the European AM landscape,
make clear the pros and cons of AM, and stand as a gate for organisations willing to
collaborate on specific AM developments.

15. Current national and European regulation and policies are to be streamlined in order to clarify the extent
to which regulation will be adapted as to scale-up living lab experiments into real commercial products.

Box 28: From AM applications and value chain analyses to policy analysis

This study developed knowledge about European Additive Manufacturing value chains. It depicted to some extent
key areas of action to support the adoption and deployment of Additive Manufacturing as well as the structuration
of 3D-Printing value chains in Europe. Dedicated research would however be needed to assess the potential
effectiveness of specific policy tools and instruments to address the key needs, barriers, challenges and
opportunities identified in this report. Such study could develop an analytical framework to study the effects of
specific policy instruments over the process of additive manufacturing deployment.
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1/  Introduction318

This Background Report provides the details of the qualitative and quantitative analyses leading to the results
showcased in the core report. This background report combines all project outputs. Three interim reports were
produced by the research consortium along project implementation in order to showcase the results of the different
analyses.

The structure of this background report is organised as follows:

1. The first part of the background report is dedicated to a review of the literature based on the desk
research performed by the team to identify key sectors, applications and actors involved in Additive
Manufacturing in Europe today. This review led to the first inputs to the Sectors-Applications Matrix used
to position sectors, applications, and key players of 3D-Printing in today’s European economy. This matrix
was the main information repository used to select value chains to be studied in depth by the research
consortium.

2. The second part of the background report provides more details on the quantitative analyses and the
matrix resulting from both these and the desk research. This section of the report describes in a
sequential order:

a. The patent data analysis;

b. The analysis of FP-funded projects;

c. The bibliometric analysis;

d. The resulting Sectors-Applications Matrix.

The results from these analyses led to additional inputs to the Sectors-Applications Matrix. They also
provide an overview of key issues such as regarding the relative position of Europe in some scientific fields
related to AM, or more broadly the technology trends going on in the area.

3. The third and last part of the report is consistuted of 10 in-depth application-driven case studies.
These case studies are value chain analyses. Each of them takes the perspective of an application or
homogeneous set of applications and depicts the underlying Additive Manufacturing value chain.
These cover the following areas:

(1) Surgical planning

(2) Plastic-based car interior components

(3) Metallic structural parts for airplane

(4) Inert and hard implants

(5) Metal AM for injection Molding

(6) Spare parts for machines

(7) Lighting and other home decoration products
(8) 3D-printed textiles

(9) Affordable houses

(10) 3D-printed confectionery

These value chain analyses led to the identification of each segment of each value chain. This entailed the
identification of key actors and their current position, but also an analysis of trends and critical factors shaping the
uptake and deployment of Additive Manufacturing in each value chain. An analysis of the barriers and obstacles
that hamper or even block the uptake and/or further deployment of additive manufacturing in each application area
was performed and policy implications were identified.

Following the background report are the Annexes compiling relevant material and evidence from the above
analyses. Among others, these annexes present an indicative list of key players involved or concerned with one or
more of the above application-driven value chains.

38 CREDIT: The picture of the cover page of the Background report is issued from
http://blog.sproutwatches.com/index.php/2015/01/3d-printing-future-of-eco-friendly-fashion/
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2/ Literature review

2.1 Approach

In this task, the team performed a comprehensive desk research on 3D-printing to identify the most important
current and future sectors and applications that will be affected by 3D-printing. A literature survey of recent scientific
articles, conference papers, various news sources and reports was carried out. The aim of the literature review was
threefold:

1. To identify most relevant sectors which are -or will be- impacted by 3D-printing

2. To identify most relevant current and future 3DP-applications

3. To identify actors and regions

The desk research (including key literature) was carried out by domain experts and information specialists. It
produced several hundred hits, which were then classified by order of relevance (from relevant to not relevant).
There were roughly 150 relevant papers after the preliminary classification. These papers together with material
found on internet were used as sources for identifying the sectors. The team also used several reports and analyses
identified already at the preparation stage of this study. 3D-printing applications, sectors as well as other relevant
information were then extracted to complete a first draft version of the SAM table. The draft version was then
reviewed and after initial modifications, more detailed information was gathered.

A key criterion to select the most important and relevant applications and sectors was ‘added value that Additive
Manufacturing brings in’, i.e. business drivers relevant for that application. However, while there are great
advantages that 3D-printing can bring, there are still several limitations, which reduce the range of reasonable
applications at the moment. Typically, these limitations are related to e.g. productivity, costs or quality. Thus, in
the selection of application areas, the team focused on applications where the business drivers were strong enough
to overcome the potential current drawbacks of the advanced manufacturing technology.

Another key criterion for the selection was the maturity of the area. The team focused mainly on applications, which
were assumed to reach commercial stage approximately after 3-5 years. There are interesting applications currently
under research but if commercialisation takes years, it is challenging to evaluate the potential of the application.

Third criterion for this selection was that there should be enough organisations (within the supply chain) working
in the field so that dynamic progress in that field would be more likely to take place.

Results

In the following sub-sections the major findings of the review are summarised. This summary will help the reader
in view of reading the sectors application matrix (SAM) in which the results of the review are presented in a
systematised way.

2.2 Aerospace

The Aerospace sector has been one of the early adopters of 3D-printing. Currently, according to the Wohlers report
2015, this industrial sector covers 14.8% of the revenues of 3D-printing industry (i.e. machines, materials and
services). The aerospace industry includes design, manufacturing and operation of aircrafts and spacecrafts. The
main drivers to use 3D-printed parts in aircrafts are reducing the weight of the components without sacrificing their
performance, and reducing the buy-to-fly ratio. According to Sunday Times of 13t Feb 2011, the aviation industry
has calculated that they could save 350 billion dollars in fuel costs within the next 30 years, just by using lighter
parts manufactured by digital manufacturing technologies. By utilizing topological optimisation and other digital
modelling tools, hew materials and digital manufacturing, parts can be designed to be much lighter but still present
equal or even better performance. In addition, part consolidation i.e. printing parts in a single piece instead of
several fitted together, reduces assembly costs. Parts are used in rather small quantities, and they have often
complex geometries as well as advanced materials, which might be challenging to manufacture by conventional
means.

On the other hand, the aviation industry is very strictly regulated. Approvals of new components or materials take
a long time. Early 2015, GE Aviation announced the first approved 3D-printed part certified by the US Federal
Aviation Administration (FAA) for a commercial jet engine. The fist-sized T25 housing for a compressor inlet
temperature sensor was fabricated by GE Aviation and will be retrofitted to over 400 GE90-94B jet engines on
Boeing 777 aircrafts. According to GE, making T25 would have taken far longer using conventional methods. Other
benefits include designs that were previously impossible, faster turnaround times from design to finished product,
as well as much lower manufacturing costs with very little waste. If the benefits of using 3D-printing are big enough,
it can be used also for volume production. GE expects that it will produce fuel nozzles in quantities exceeding
40,000 per year. In 2012, GE acquired Morris Technologies, US biggest Additive Manufacturing service provider, to
produce aircraft parts.
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The new Airbus A350 contains more than 1000 3D-printed flight parts, printed mainly by Fused Deposition Modelling
(FDM) technology. These parts are mostly so called non-structural parts, i.e. not critical parts. The main driver to
produce parts additively is the same: producing aircraft parts which weight 30 to 55 percent less, while reducing
raw material used even by 90 percent. Military aircrafts have used 3D-printed parts even earlier than commercial
aircrafts. One of the most well-known examples of production parts is air ducts for Boeing fighters. Boeing
announces that it has produced more than 100,000 production parts by 3DP. Other components that have been
additively manufactured include for instance electrical boxes and brackets. In January 2014, BAE Systems flew a
Tornado with some of this aircraft’s metallic parts made by a 3D-printer.

Spacecrafts are ideal targets for additively manufactured parts. They are produced in very low volumes, but they
contain several, complex and demanding components. The European Space Association (ESA) is very actively
seeking new possibilities to use these technologies. The NASA has successfully tested the most complex rocket
engine parts ever designed by the agency and printed them thanks to Additive Manufacturing on a test stand at
NASA's Marshall Space Flight Center. Actual flight-parts are currently on their way to Jupiter in the Juno spacecraft.
Several parts for CubeSat satellite were produced additively by laser sintering. ESA has listed various potential parts
to be produced by Additive Manufacturing: different structures, multifunction casing, RF filters, optical base plate,
bracket and injectors as well as various on demand tools. Printing in space craft or space station could be also
beneficial in future to create e.g. spare parts or tools. This has been already demonstrated by NASA where an
astronaut printed a missing socket wrench in a space station. In August 2015 companies Made in Space and
NanoRacks signed a deal to build & deploy 3D-printed satellites in orbit. Theoretically, 3D-printing will allow
assembling spacecrafts in space or on the moon using locally available materials. The ESA is working on the concept
of moon-based 3D-printing. The latest generation of printers has been used by the American defence consortium
Lockheed to make parts of a telescope that will be sent into space around 2018.

3D-printing can be used, not just to produce new parts, but also to repair existing parts. Hybrid technologies
combining conventional machining and especially directed energy deposition (DED)-type technologies are
intensively studied, especially when related to aerospace and military sector.

From the material side, ceramics appear to be an interesting group of materials, especially for harsh environments
like with very high temperatures. Ultra high temperature ceramics (UHTC) such as ZrB2 and ZrC can stand extremely
high temperatures (>2000°C) and are cover a very high potential when thinking of applications like hypersonic
flight systems and rocket propulsion systems.

2.3 Automotive

The Automotive industry has been the main pioneering industry in terms of using 3D-printing technologies. Large
car manufacturers invested in 3D-printing machines soon after the first systems were commercialised (i.e. 1988).
The utilisation of 3D-printing for rapid prototyping has increased the product development cycle remarkably, and
prototyping still plays a very important role in the automotive industry. This industrial sector is usually understood
as about the manufacture (including other supply chain steps) of passenger cars, trucks and busses as well as of
light commercial vehicles, excluding special vehicles like tractors, cranes and other similar vehicles. Thus, typical
production volumes in the automotive industry are too high to use Additive Manufacturing economically to produce
final parts. However, increased requirement for personalised or customised products has increased the interest to
use Additive Manufacturing also for final parts production. The demand for producing eco-efficient cars is another
driver to design cars and components, which are light weighting and more energy efficient, thus suitable for 3D-
printing. Another driver towards additively manufactured final parts is the competitive demand to produce new car
models even faster than earlier.

In addition to visual models, which help engineers and designers to get a common understanding and communicate
ideas and verify designs, prototyping models can be used also to test functionality of different parts, i.e. as
functional prototypes. Recently, we have also witnessed various printed concept cars, visualizing new ideas in car
design. These prototypes are used to test for instance the usability of parts and whole cars, but also to test the
functionality of a specific part, like air resistance in car body parts, oil flow in power train systems or ergonomic
testing.

Since the first automated production lines of Ford, the automotive industry has always been a frontrunner in using
new technologies to increase productivity. In car manufacturing, there are various assembly steps, where 3D-
printed assembly tools can increase productivity. In addition to assembly, there is need for jigs and tools also for
instance in body shell construction and painting. With 3D-printing, complex shape jigs can be manufactured
economically and tools and tool inserts without physical mould.
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Racing cars are real life test benches for 3D-printed parts. Since racing cars are manufactured in low volumes and
there are huge expectations for their performance, 3D-printing fits very well into the production of many car parts.
There are various examples of different car components manufactured additively (e.g. CO filter housing, gauge
pods, wheel arches etc.). Actually, a whole racing car (body), called Areion, has been 3D-printed by Group T
together with Materialise using stereolithography technology. In addition to the car body, Additive Manufacturing
is also used in Areion to optimise cooling channels as well as to print different nozzles and other parts related to
cooling.

Recently, Local Motors announced a launch of a “3D-printed electric car” targeted for customer markets. Car body
as well as chassis and some exterior and interior features are 3D-printed using ABS plastic reinforced with carbon
fibre. The mechanical components like motors and battery are not printed but sourced elsewhere. This is a very
interesting step towards using 3D-printing also in volume production. The car should be available in 2016. We can
expect this trend of using Additive Manufacturing for final part production to continue and expand. Currently, the
motor vehicles sector corresponds to 16.1% of Additive Manufacturing usage according to the Wohlers report 2015,
thus being the third largest industrial sector benefitting from 3D-printing.

Light commercial vehicles are potential applications for 3D-printing. By definition light weighting is an important
issue in these vehicles, and it could be approached by utilizing topologically optimised 3D-printed parts. In addition,
typically these vehicles are produced on lower quantities and customisation and personalisation could also provide
them with a remarkable role.

2.4 Healthcare

The healthcare industry is one of the world’s largest industries with a fast growth rate. The Wohlers report 2015
estimates that medical and dental sectors corresponds to around 13.1% usage of Additive Manufacturing. In the
healthcare sector, 3D-printing is currently used and especially in applications which require personalisation or mass
customisation. On the other hand, like for the aviation industry, the medical sector is heavily regulated, which slows
down the utilisation of new technologies and especially materials.

There are some well-known applications where 3D-printing is used successfully. For instance, there are more than
10 million hearing aids which have been produced by Additive Manufacturing. Actually, a majority of hearing aids
manufactured in the US are produced with 3D-printing. The main driver to use 3D-printing has been simplified
production chain, consisting nowadays in only three steps instead of nine. Hard implants, especially acetabular
cups, have been successfully 3D-printed and implanted to patients. The capability to produce a both fully dense
and porous structure for the same implant is a great advantage of 3D-printing. Porous surfaces are helpful for
implants so that they will better be fixed to surroundings. Tens of thousands of 3DP-fabricated metal implants are
produced every year.

In the dental area, Invisaling dental braces are probably the most well-known commercial dental products, which
make use of 3D-printing. Braces are produced indirectly: thus, first the moulds are 3D-printed and then the braces
are manufactured using these moulds. The main driver to use 3D-printing here is its capability for mass
customisation. Several millions of moulds are printed every year. A similar approach is in use for producing dental
crowns.

Surgical visualisation aids, so-called preoperative models (prototypes) are the earliest application areas in the
medical industry. The planning of a demanding surgery is easier if there is a corresponding anatomic model
available, derived from a patient scan. It can also be used to explain the operation to the patient. 3D-printed
surgical tools could be used, especially in demanding and isolated operation environments (e.g. during various
crises). Simple medical suppliers (e.g. stethoscope) are produced already today.

Prosthesis is also an application, where the capability of personalisation underlying 3DP is a clear benefit. Prostheses
are placed externally to the body, thus they are non-invasive and should also be non-irritant. The use of 3D-printing
can simplify the production process remarkably, therefore causing also cost savings. For instance, facial prostheses
are already produced commercially by 3D-printing, and there are serious attempts to bring other prostheses to 3D-
printing production as well. In addition, we have seen several Do-It-Yourself (DIY) arm prostheses, which could
help in the future some people to live a better life in some developing countries.

3D-bioprinting or tissue engineering (also called organ printing) is a topic that is heavily researched globally.
According to Murphy and Atala (2014), two-dimensional products (like skin) will be first applications, followed by
hollow tubes (blood vessels etc.) then hollow organs and finally solid organs. However, there are still several
challenges to overcome before this area can be subject to commercialisation. Printing itself is not the most
challenging part. An approach in this sector is to use scaffolds, which might be 3D-printed. In addition to the
healthcare industry, other industries like cosmetics and military are very interested in this application.

There are also other application areas under research, like 3D-printed drugs i.e. smart medicine and different kinds
of medical micro-factories and lab-on-chip.
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2.5 Machines & Tooling

This sector includes industrial and business machines as well as all kinds of tooling. According to Terry Wohlers the
group “industrial and business machines” consists of office and industrial automation machines and equipment.
Examples are document printers, computers, routers, CNC machines, robots, etc. This group is the leading industrial
sector in Additive Manufacturing applications. According to Wohlers Report 2015 its share was 17.5 % in 2014.

The traditional way to exploit 3D-printing is prototyping in product development. A very interesting area in the
future will be printing of spare parts on spot of demand. Examples of uses of 3D-printing to produce new types of
innovative products are a low cost 3D-printed robot arm and innovative heat exchanges. Generally speaking,
components with potential for customisation, lightweight, internal channels/structures, functional integration,
design surface structures, or specific material options, are good candidates for 3D-printing.

Additive Manufacturing offers the possibility to manufacture tool steel moulds inserted with conformal cooling, and
so to decrease the cycle time in injection moulding and die casting. Also the scrap rate may decrease and the
quality increase through optimal cooling. New hybrid machines, combining machining and Additive Manufacturing,
are excellent for making mould inserts. There are several manufactures of hybrid machines, like Matsuura in Japan,
DMG Mori (Japan/Germany), Hermle (Germany), and Mazak (Japan). It is also possible to add Additive
Manufacturing to existing CNC machines. Optomec in the USA and Hybrid Manufacturing Technologies in the UK
are offering such options.

In injection moulding it is possible to use a 3D-printed mould insert from plastics for short series and prototyping.
This shortens remarkably the product development time and reduces the costs. Other good examples for applying
Additive Manufacturing in tooling are sheet metal tools, robot grippers, patterns for sand casting, and fixtures and
jigs for welding and assembly.

Additive Manufacturing is also used e.g. for making patterns for investment casting and sand moulds for foundries
when individual components or short series are needed.

2.6 Electronics and electronic devices

An interesting group of Additive Manufacturing for electronics industry are Direct Write technologies by which one
can create two- or three-dimensional structures such as antennas and many kinds of electronic circuitry directly
onto flat or conformal surfaces in complex shapes, without any tooling or masks. A good example is printing on
mobile phone covers. The main companies in the area are from the USA based on a major programme by DARPA
in the 1990s. One of the leading companies is Optomec with its Aerosol Jet system. In March 2013 Aerosol Jet
system was used to print a conformal sensor, antenna and circuitry directly on a FDM-printed wing of a UAV
(unmanned aerial vehicle) model. According to the Winter 2013 Newsletter of Optomec, it was the world’s first
fully printed electromechanical structure.

An important step in applying 3D-printing to electronics is conductive filaments based on normal filament materials
like the ones of ABS or PLA. Normally it is a question of blending carbon black etc. into base material resulting in
e.g. 15 Qcm resistivity at PLA and 10,000 at ABS. A much lower resistivity of 0.6 Qcm, has been achieved by
graphene filament based on PLA and developed by Graphene 3D Lab.

The conductivity of metal-based inks, especially those based on silver, is much better than carbon-based filaments.
The newest development in the area is to co-print FDM filament and conductive ink and to produce so functional
objects using only one printer. In American Voxel8 s printer plastic is extruded out of one portion of the print head
and the conductive ink is dispensed out of another in order to create electric traces. The printer is pausing at the
appropriate moment during print task for the manual embedding of components, such as transistors and resistors,
within the print. Picking and placing functional objects will be automated later according to Voxel8.

Embedding stereolithography is a new approach for flexible manufacturing of mechatronic modules under research
in Germany. The method combines stereolithography and UV-laser sintering of silver ink.

Thermal management is an ever-growing issue in the electronics industry due to the miniaturisation of devices. 3D-
printing technologies open the way to new heat exchangers either using more complex and efficient shapes or
more integrated complex frames including cooling channels manufactured in one single part. For microelectronics
new 3D-printing methods like two photon polymerisation provide new potential.

Google’s intended to use 3D-printing technologies for the manufacturing process of its new modular smartphone
Project Ara. However, these thoughts have been placed on hold but the company is still involved in AM development.
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2.7  Consumer life style & fashion (including textiles and creative industries)

Consumer life style and fashion sectors can be divided in two areas in relation to 3D-printing: (1) industrial products
that have been made by using 3D-printing and (2) consumer 3D-printed products, which consumers have produced
themselves by using inexpensive desktop 3D-printers. Typical products that consumers print themselves (e.g. toys,
avatars, home decoration etc.) fall in this category. A hype related to consumer 3D-printing has brought a lot of
public visibility to this sector. General drivers in this sector are related to the possibility to print series of one,

typically.

The fashion sector (textiles, shoes, garments) uses 3D-printing to create eye-catching dresses and bikinis, for
instance. Since these clothes are based on hard polymers, they might not yet be the most comfortable to wear, but
surely gives new ideas to designers. There are attempts to develop methods to create fabric-like prints, however
they are still under research and still need much more development to improve the comfort and flexibility of the
textile for garments in order to produce truly wearable apparel for daily use. 3D-printing is currently used to
accessorise garments. New materials (textiles) are developed, e.g. Dutch fashion designer Iris van Herpen who has
developed new materials out of two totally different materials; one soft, the other hard that were printed together.
This would mean that there are more possibilities in specifying on flexibility within printing a garment. 3D-printing
allows adapting to customer demand quickly (e.g. fashion trends).

Jewelleries are also 3D-printed, and there it is possible also to use precious metals like gold and silver. Indirect
methods (3D-printed mould and casting) are also used. Jewellery could be one of the industries in which 3D-printing
will become a mainstream technology. 3D-printing is changing the economics of the jewellery design market
drastically, independent designers (entrepreneurs) are now able to bring their designs into the world easier,
breaking down the production process and opening the possibility to occupy specific positions along the value chain
(e.g. design, 3D-printing services). The driver is creating complex structures which are difficult to produce by other
means. Personalisation can be also considered as of importance.

Sport accessories and clothes is another important application area in this sector — as user of 3D-printing
technologies. Nike has been a forerunner and used this technology in its products. The technology has been used
to develop better cleats for football shoes, for instance. 3D-printing has been used also to create concept tennis
rackets and similar products.

The consumer sector includes various applications, and new ones are clearly arising. Typical demands related to
these products are e.g. ability to print in full colours, safety of materials etc.

2.8 Oil & Gas

The oil & gas industry is concerned with the exploration, extraction, refining, transportation of (usually by oil tankers
and/or pipelines), marketing and distribution of petroleum products. Production takes often place in remote
locations, which creates potential logistical problems related to e.g. spare and wear parts. Instead of transporting
those parts to oil platforms, some of them could be printed on site. Qil and gas companies are moving also into the
more extreme environments such as ultra-deep-water or arctic environments, which creates totally new
requirements for the equipment. In addition, handling gas and oil effectively requires pumps, pipelines, valves,
drills etc. which could be optimised (gas & liquid flow) by using optimisation tools and manufacturing them
additively.

The way is being paved to move from prototypes to mass manufacturing of oilfield equipment on a large scale.
However, the average size of equipment in this industry is commonly too big for 3D-printing at the moment. So a
market is there for small and complicated parts as only these are cost effective with 3D-printing. However, the
development of new, bigger equipment (typically based on directed energy deposition technology) could change
this situation drastically. Another barrier is the harsh environments in which the operations take place. The quality
and strength of the components has to be top notch.

Currently the use of 3D-printing in the oil & gas industry is quite modest and focused mainly on prototyping.
However, there are some public examples of final parts manufactured additively. General Electric’s oil and gas
division has announced that they will start producing fuel nozzles for gas turbines additively. They will also invest
$100 million on Additive Manufacturing technology development in this sector. Another potential application,
according to GE, is electric submersible pump used to artificially bring oil to the surface. Oil service company
Halliburton has produced parts additively for drilling.

3D-printing has also been used in production of smart pipeline inspection gauges (PIG). While pigs are custom-

designed for particular pipeline, 3D-printed prototypes help in sizing of these gauges, and thus increase production
speed of them.
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The next big step for the oil and gas industry, beyond GE's 3D-printed nozzles, could be subsea pumps that help
lift oil and gas out of wells. Sensors also could be an early use. One big opportunity may come from manufacturing
customized equipment, where only a few products are needed -- instead of 100s coming off an assembly line. Mario
Azar, the global head of Siemens' oil, gas and marine business, noted hurdles to use 3D-printing to outfit offshore
oil and gas operations. " You are dealing in harsh environments, so there's a threshold to how far you can go", Azar
said. " You're looking at structures and equipment that need to last 20-plus years in a very, very harsh environment".

2.9 Energy

According to Dr. Navrotsky from Siemens Power Service, the company uses Additive Manufacturing for rapid
prototyping, rapid repair and rapid manufacturing. Rapid prototyping has reduced significantly time to market for
e.g. new turbine blades. Burner tips of gas turbines can be repaired ten times faster than earlier. New types of
burner swirlers can only be produced by Additive Manufacturing. The benefits of using Additive Manufacturing are
lead time reduction & life time improvement for complex parts and energy increase through practically unlimited
options for internal and external cooling duct design.

Also for new energy sectors 3D-printing may bring benefits. According to MIT 3D-printed solar panels could be
roughly 20% more efficient than flat solar panels. Some raw materials used to make flat solar panels include glass,
polysilicon and indium. These are expensive and they end up costing more when a significant fraction is lost as
“waste” in traditional manufacturing. The radically more efficient and precise 3D-printing manufacturing method
could cut production costs by as much as 50 %. These savings can then be passed on to the consumer, making
the switch from fossil fuels to solar energy more appealing than ever. Australian scientists even dream of developing
3D-printed organic solar cells capable of powering a skyscraper. 3D-printing can produce extremely thin solar cells
which can be printed on untreated paper, plastic or fabric rather than expensive glass. Therefore the advanced
ability to create flexible solar panels at a lighter weight could have big positive implications for wearable hi-tech
clothing, radios and future electronics. The big advantage is that the panels can be produced on the spot of demand
and so lead to important savings in shipping costs.

Selective Laser Sintering can be used for the fabrication of micro fuel cells. The method opens up the capability of
ultrafast prototyping, as the whole device can be produced at once, starting from a digital 3D model. Other
interesting applications in new energy sectors are small-scale 3D-printed wind turbines, and Pelton turbines for
small-scale hydropower experiments.

There is also some research going on concerning 3D-printing applied to nuclear and fusion power components.

2.10  Construction

Research related to the use of 3D-printing in construction started at the University of Southern California, where a
concept called Contour Crafting was developed, as well as at Loughborough University, where a similar approach
was simultaneously developed: concrete printing. There are currently quite a lot of activities in this area conducted
in many countries (e.g. China, Australia, US, Netherlands, France, Finland etc.). However, if we look at activities
purely related to construction (thus excluding applications like furniture and lightning) they are not yet
commercialised but many of them are in a demonstration phase. However, the example of senior architecture
lecturer Dr. Hank Haesuler for the University of New South Wales claims that “/in five to ten years we will see more
and more 3D-printed housing construction and nodes”, suggesting that room is still left to further development.

The construction industry can be understood as the industry concerned with the creation and building of facilities
and structures as well as underlying processes. The industry size is six to nine percent of the gross domestic product
of developed countries. There are three main drivers to adopt 3D-printing technologies in the construction industry:
to build more affordable houses, to build on-the-spot emergency houses as well as to increase architectural
flexibility. These drivers are somewhat contradictory and thus are approached differently. The affordability approach
is usually based on a higher automation as well as redundancy of formworks, scaffolds and similar. Perrot et. al
(France) claims that formwork represents 35-60% of the overall costs of concrete structures. However, to be
affordable, the technology has to be fast as well, and that usually reduces the achieved quality in 3D-printing, which
might cause some challenges. In the case of emergency houses the quality requirements are clearly lower, thus
making it possible to really speed up the process. For instance, researchers of the University of Nantes in France
are working with a concept based on a target which is to build emergency houses in just twenty to thirty minutes.
The size of these “shelters” is 3 meters high by 3 square meters, and shelter is sealed and insulated.

In addition to approaches where whole houses are built, there are several activities going on to develop modular
systems to build them, e.g. to 3D-printed “bricks” or walls modules. The Chinese company Zhuoda Group has filled
22 patent applications related to their module house concept, where the modules are printed elsewhere and then
shipped to building location for final assembly.
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Lux Research divides this sector in four groups according to technology maturity (i.e. Concept, development,
showcase and commercial). According to Lux, the nearest commercial maturities are glass, lighting and furniture
applications. However, in this context we classify these applications under consumer life style. The concept level
includes framework, foundation and flooring, the development level includes exterior and interior walls and heating,
ventilation and air conditioning (HVAC) systems.

Technology-wise, construction 3D-printing differs from other sectors, since it is somewhat based on different
technologies than other sectors, or at least requires the development of new types of and bigger printers. Also
materials differ from other areas (like concrete). In addition to approaches related to house building, there are
projects to build e.g. bridges (in Netherlands).

2.11  Military

The applications in the military sector overlap with other sectors, such as healthcare, and aerospace. A very
important application is printing of spare parts on the spot of demand. Some examples are printers on ships, and
printing spare parts for fighters during maintenance on the ground. In remote areas it is possible to print temporary
housing.

In addition to mobile factories also field hospitals are of interest to defence forces. One example under development
is printing skin cells onto burn wounds.

2.12  Transportation (Marine & Special vehicles)

In offshore transportation the weight has not been a critical aspect such as in aero-transportation. However, this
year we heard about several research investments to develop the use of 3D-printing in this sector as well. For
instance, Hyundai Heavy Industries has invested in South Korea in an innovation centre which focuses on the use
of 3D-printing in the marine industry. In the Netherlands, a consortium of 27 companies in the marine industry has
kicked of a new project focusing on the 3D-printing of spare parts for the marine industry. Currently, it is difficult
to get detailed information about the potential applications.

2.13  Food

3D-printing of food products has started from very *niche’ applications such as by e.g. university students conducting
small projects. However, currently there are first commercialized chocolate printers being made available and some
experts from the Institute of Food Technologists (IFT) predicts that 3D-printers have the potential to revolutionise
the way food is manufactured within the next 10 to 20 years. The world first 3D-printed food conference was
organised this year (2015).

In addition to providing new shapes, 3D-printing could offer some other benefits to food processing. In principle,
one could produce customised food for various groups with different nutrient contents, e.g. different food for
athletics and different food for pregnant women. It should also be possible to customise/personalise structures and
flavours. In addition to these drivers, one additional aspect is to make food in remote locations.

The 3D systems chocolate printer was launched in 2014 and there are many others available as well. They are
mainly targeted to homes and small cafes. The Albert Hejin supermarket in Eindhoven has started offering chocolate
3D-printed decorations on cakes. And it may be the first commercial venue (certainly the first large supermarket)
to do so. In addition to chocolate, there are printers (however, some of them still under research) for sugar, ice-
cream, pizza, pasta, vegetables, pancake, lollipops, chewing gum, etc. There are also various concepts developed
for manufacturing of whole dishes. For instance, the MIT has launched a whole machine concept for this purpose.

2.14  Miscellaneous

In addition to the above mentioned sectors and related applications, there are various miscellaneous applications,
where 3D-printing is also used or planned to use. Probably the most interesting and potential applications are found
in the area of optics. There are e.g. approaches to print glass, or plastics with good optical properties (i.e. print
lenses, optical fibres etc.). Final usage of these products will probably be observed in some other industrial areas.
There are also various examples of 3D-printing in the entertainment industry. Movies, games, adult entertainment
and other similar sectors have several examples of using 3D-printing to make e.g. personalised products or to speed
up e.g. digitalisation of various objects. The software industry is also indirectly affected by 3D-printing, since new
softwares are needed e.g. to make better models (CAD) or modify existing ones.
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3/  Quantitative analyses and Sectors-Applications Matrix (SAM)

3.1 Patent data analysis

3.1.1 Approach

The patent analysis was conducted as complementary search strategy to identify innovative industrial players across
Europe. The number of patents and the time since their official filing served as indicators for the significance of the
firm. The patent analysis particularly allowed for the identification of the supply side of 3D-printing (=supply-
capabilities), i.e. producers of equipment, material, facilities, etc.

In order to identify potential industrial players with technologies related to 3D-printing technologies we first
conducted a small search to identify any relevant specific studies and analysis using patents and identified a few
very recent studies relevant to our work. However, care has to be taken with comparing the different patent data
analyses, as they encompass very different search strategies or analyse different time periods3!®. A study by the
patent search institute Gridlogics (2014) in particular comprised the scope of our study. This study identified patents
in the field of 3D-printing between 1990 and 2014 and hence we used the results of this work. In addition, a study
by the IPO served as interesting source to identify relevant industrial players. However, as these studies only
analysed patents until 2013 we conducted an additional patent analysis based on the EPO database. Furthermore
it is also of interest that from 1%t January 2015 a new patent subclass was introduced by the WIPO (World
International Property Organisation) specifically dealing with Additive Manufacturing (see Box 29).

Box 29: Patent class Additive Manufacturing

B33Y ADDITIVE MANUFACTURING, i.e. MANUFACTURING OF THREE-DIMENSIONAL [3-D] OBJECTS BY
ADDITIVE DEPOSITION, ADDITIVE AGGLOMERATION OR ADDITIVE LAYERING, e.g. BY 3-D PRINTING,
STEREOLITHOGRAPHY OR SELECTIVE LASERSINTERING

This subclass covers:

Technologies involving the use or application of processes or apparatus that produce three-dimensionally shaped
structures by selectively depositing successive layers of material one upon another. In particular it covers
processes, apparatus, materials, and other aspects of additive manufacturing, i.e., making, repairing, or
modifying articles of manufacture by the selective solidification of material onto a substrate or previously
developed layers, for example, by selective sintering of a particulate.

Obviously, this subclass alone is not sufficient for analysis, as it will take some time to add this classification number
to patents submitted before this date. However, the analysis of the new patent class B33Y Additive Manufacturing
on the EPO database revealed that until end of August 2015 no patent have been published so far.

Special attention was paid to the problem of intellectual property rights of 3D-printing. The Intellectual Property
Office commissioned an evaluation of the development of the 3D-printing sector. The executive summary presents
the implications for intellectual property law, a quantitative analysis of online distribution of 3D-printing files and
summarises a series of cases studies on the role of 3D-printing in key sectors. As the 3D-printing market grows,
there is evidence of intellectual property infringement, at present on a small scale. The interest and activity is
growing every year. This highlights the potential for future intellectual property issues3%.

3.1.2 Results

Findings of the two most relevant patent analyses will be summarised in this chapter along with updated data from
our own investigation. The respective search algorithms are summarised in annex. The results of these analyses
were added to the Systems-Application Matrix (see Section 3.4 of this report).

319 Wohlers Report 2015: Trends. Analysis. Forescast. 3D-printing and Additive Manufacturing. State of Industry. ISBN 978-0-
9913332-1-9 Intellectual Property Office, 3D-printing: A Patent Overview (Newport: Intellectual Property Office; November
2013) https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/312699/informatics-3d-printing.pdf
3D-printing: Technology Insight Report (2014), Gridlogics Technologies Pvt Ltd;
http://www.patentinsightpro.com/techreports/0214/Tech%20Insight%20Report%20-%203D%?20Printing.pdf

320 A Legal and Empirical Study into the Intellectual Property Implications of 3D-printing: Executive Summary; Published by The
Intellectual Property Office March 2015; ISBN: 978-1-908908-85-8; https://www.gov.uk/government/publications/3d-
printing-research-reports A Legal and Empirical Study of 3D-printing Online Platforms and an Analysis of User Behaviour;
Published by The Intellectual Property Office March 2015; ISBN: 978-1-908908-96-4;
https://www.gov.uk/government/publications/3d-printing-research-reports The Current Status and Impact of 3D-printing
Within the Industrial Sector: An Analysis of Six Case Studies; Published by The Intellectual Property Office March 2015;
ISBN: 978-1-908908-86-5; https://www.gov.uk/government/publications/3d-printing-research-reports ~ Bradshaw, S.,
Bowyer, A. and Haufe, P., 2010. The intellectual property implications of low-cost 3D-printing. ScriptEd, 7 (1), pp. 5-31.
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Table 16 shows the top patent applications in the field of 3D-printing. Some of the top applicants, such as Fujitsu
and NEC, have been involved in the patenting of 3D-printing-related technologies for over 20 years. However, when
analysing the data closer, it is evident that this company (Fujitsu) has not been active in this area for some time
and that the granted patents owned by Fujitsu will soon expire, for that reason Fujitsu does not appear in analyses
of recent data among the top companies. In contrast, some of the other top applicants, such as Stratasys and Corp
Z, have filed for patents in this area only relatively recently. Some applicants have entered the technology space
(e.g. Objet Geometries since 1989) later on and others have stopped patenting in the field (e.g. LG Phillips after
2004), explaining part of the difference in the lists of top companies.

Both Stratasys and 3D systems did not apply for any patent until 1993 and 1990 respectively. Stratasys did not
start up until 1989 and was floated on the stock market in 1994. Stratasys has merged with Objet and MakerBot
Industries so that the patents owned by both these companies were transferred to a single company which lead to
the highest in the dataset as analysed by Gridlogistics. 3D Systems was founded in 1986 with a rapid acquisition
process merging with Z Corp, and Vidar systems amongst others.

Table 16: Top patent companies with 3D-printing patents (European Companies in cursive)

Patent Assignees (Gridlogics32?) Total No. Patent Assignees (IP0322) Total No.
1990-2013 of 1980-2013 of
Published Published
Patents Patents
3D Systems Inc 39 3D Systems Inc323 91
Stratasys Inc 37 Stratasys Inc 324 92
Massachusetts Inst. Tech 30 Fujitsu Ltd325 92
Hewlett-Packard Co 26 NEC Corp 67
Hitachi Chem. Co Ltd 26 Samsung Electronics Co Ltd 48
Matsushita Electric Works Ltd 24 LG Phillips LCD Co Ltd 41
Therics Inc 23 Object Geometries Ltd 38
Materialise NV 22 Univ. Texas System 36
Objet Ltd 20 Boeing Co 34
Panasonic Corp 20 Z Corp 34
IBM Corp 19
The Boeing Co 19
Mimaki Engg Co Ltd 17
3Shape A/S 15
Dainippon Printing Co Ltd 15

Source: Gridlogics (2014), IPO (2013)

32t 3D-printing: Technology Insight Report (2014), Gridlogics Technologies Pvt Ltd;
http://www.patentinsightpro.com/techreports/0214/Tech%20Insight%20Report%20-%203D%?20Printing.pdf

322 TIntellectual Property Office, 3D-printing: A Patent Overview (Newport: Intellectual Property Office; November
2013) https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/312699/informatics-3d-printing.pdf

323 3D Systems has merged with Z Corp, and Vidar systems amongst others, the patents were added up in this
study.

324 Stratasys has merged with Objet and MakerBot Industries, the patents were added up in this study

325 Fujitsu has not been active in this area for some time, though, the granted patents owned by Fujitsu will soon
expire.
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Table 17 depicts the results of the patent analysis in the most recent years between 2014 and 2015 based on an
analysis of data from the EPO. Of particularly interest is that some European firms in the Aerospace sector (Rolls-
Royce, BAE Systems, Airbus, SNECMA) have successfully granted patents in 3D-printing and hence obviously
European companies have caught up in the international competition. Materialise N.V. is a Belgium based company
with more than 1200 employees worldwide specialised in all fields of 3DPrinting, ranging from software
(i.materialise.com) to Biomedical Engineering and Additive Manufacturing Services of prototypes and everyday
objects. Alstom Technology Ltd is applying Additive Manufacturing techniques for gas turbines and power supply.
DSM IP Assets B.V. delivers innovative solutions that nourish, protect and improve performance in global markets
such as food and dietary supplements, personal care, feed, medical devices, automotive, paints, electrical and
electronics, life protection, alternative energy and bio-based materials with a focus on engineering plastics. Michelin
has for several years been developing its unique expertise in metal Additive Manufacturing in order to produce, on
an industrial scale, mould parts that are unachievable using traditional means of production (machining, welding,
etc.). Michelin has only very recently (September 2015) joined up with Fives to form FIVES MICHELIN ADDITIVE
SOLUTIONS offering industrialists different areas of application (such as automotive, aerospace, health, etc.), a
complete solution from the design and manufacture of machines and complete production lines to the related
services (redesign of parts, definition of the manufacturing process, installation, production support, training,
etc.).3%6 The aim of Blueprinter ApS in Denmark is to develop an easy to use 3D-printer affordable even for very
small businesses. The Dutch LUXeXcel Holding B.V. focuses on optics and consumer products, as stated on their
homepage 'transparent 3D-printing service, customisation for optics and products that require the highest standard
in transparency”. Siemens AG is interested in applications of 3D-printing for Healthcare, Energy and Electronics.

Table 17: List of top companies (2014 - 2015) (European companies in cursive)

Patent Assignees 2014-2015 \

Rolls-Royce 11
Samsung Electronics Co Ltd 11
Honeywell International Inc. 10
Stratasys Inc 8
Airbus 7
BAE Systems PLC 7
Materialise NV, V. 7
Alstom Technology Ltd 6
GENERAL ELECTRIC COMPANY 6
Panasonic Corporation 6
DSM IP Assets B. V. 5
Hamilton Sundstrand Corporation 5
LG Chem, Ltd. 5
Michelin 5
SNECMA 5
3D Systems Incorporated 4
3M Innovative Properties Company 4
Blueprinter ApS 4
FUJITSU LIMITED 4
LUXeXcel Holding B.V. 4
SIEMENS AKTIENGESELLSCHAFT 4

Source: EPO, own calculation

The activities of the companies identified by the patent studies and analysis were analysed in more detail and

information were added into the SAM.

326 FIVES MICHELIN ADDITIVE SOLUTIONS will be 50% owned by Fives and 50% by Michelin and will benefit

from a financial contribution of at least €25 million in the first three years. http://www.fivesgroup.com/news-
press/news/the-michelin-group-and-fives-join-forces-and-create-fives-michelin-additive-solutions-to-become-a-major-

metal-3d-printing-player.html
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3.2 Analysis of FP-funded projects

3.2.1 Approach

As a basis for the identification of relevant actors and application fields the EUPRO database was used. This
database contains comprehensive, systematic and revised information on more than 60,000 research projects (title,
content, duration, cost, etc.) and their participants (name, type of organisation, location, contact person, etc.) from
the first to the seventh EU Framework Programme. Projects from Horizon 2020 were added by direct search in the
on-line Cordis3?’ database. In order to identify EU projects dealing with 3D-printing and Additive Manufacturing the
following key words were used:

"*3D-print*"

"*three dimensional print*"
"*additive manufac*"
"*electron beam melting*"
"*selective laser melt*"
"*selective laser sinter*"
"*fused deposition modelling*"
"*fused deposition modeling*"
"*stereo lithogra*"
"*stereolitho*"

"*three dimensional biopr*"
"*Bioprint*"

"*drug print*"

"*binder jetting*"

"*material jetting*"

"*sheet lamination*"

"*|laser cusing*"

"*direct metal laser sintering*"
"*food print*"

VVVVVVVVVVVVVYVVYVYYVYYVYY

The results were supplemented with further input from experts32® and official information from EU websites. Within
the resulting projects irrelevant projects, e.g. only dealing with 3D scanning or just mentioning 3D-printing as one
of many possible methods without applying it within the project, were eliminated. Table 18 provides an overview
of the total number of relevant projects and the number of participants under each Framework Programme (FP).

Table 18: Overview of projects dealing with 3D-printing in the EU Framework Programmes

EU Programme Number of projects Number of part ts

INTAS3? 3 20
FP4 10 105
FP5 4 16
FP6 11 149
FP7 64 553
Horizon 2020 9 55%*
Total 101 602

* The total number of participants eliminates partners that participated in different frame programmes
**H2020 is not completed yet in partner participations
Source: EUPRO database, CORDIS database, own calculation

327 http://cordis.europa.eu/search/advanced de?projects

38 The European Commission (RTD D.2) provided us with a list of EU projects dealing with 3DP which
complemented particularly the results of the most recent projects funded within H2020.

829 INTAS is an international association which promotes co-operation with scientists in the NIS, and complements the activities
of Copernicus-2. It was set up in June 1993 as an independent organisation under Belgian law, and its members currently
comprise the European Community, the EU Member States, Iceland, Israel, Latvia, Norway, Romania, Slovenia and
Switzerland. As a non-profit, charitable association, based in Brussels and tax exempt, it is funded primarily through the Fifth
Framework Programme, and carries out a large part of EU research activities with the NIS.
https://ec.europa.eu/research/nis/en/intas.html
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3.2.2 Results

101 projects were identified following the search strategy described above. A comprehensive list of these projects
was added to the appendix of this report. Most project partners came from Germany, UK, the Netherlands, Spain
and France (see Figure 28) and companies and research organisation with the most involvement in EU Framework
Progammes are depicted in Figure 28. The 11 organisations with most projects (5-25) in the field of 3D-printing
were evaluated in more depth. A cross table to investigated the relationship of these organisations can be found in
annex as well. Information relevant to the thematic analysis was then added to the Sector Application Matrix.

Figure 28: Statistical overview of country participation in EU framework programmes
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Source: EUPRO database, CORDIS database, own calculation

Of all research organisations the German Fraunhofer Gesellschaft zur Férderung der angewandten Forschung e.V.
research institute was most active, being involved in 25 projects (20 of them in FP 7), collaborating with most of
the other top 11 organisations except the Spanish AIMME and AJUI. Their projects focused on metal and ceramic
and multi-material components, construction of light weight design for e.g. aeronautic or automotive applications,
medical implants and micro mechatronic components as well as new smart manufacturing systems.

Apart Fraunhofer Research Institutes the most active German Universities and research organisations were
Universities Wiirzburg, Nirnberg or Stuttgart and the Karlsruhe Institute of Technology KIT. In Germany many
companies were involved in European projects, from large companies such as Siemens, BMW, EADS or Lufthansa,
to small and medium companies. Siemens is a leading supplier of systems for power generation and transmission
as well as medical diagnosis, all within the focus of their project topics.

BCT Steuerungs und DV-Systeme GmbH participated in 5 EU projects in the 7t framework programme, specialises
in solutions for in-process scanning and adaptive machining to create automated complete solutions by linking
single systems. BCT has many years of experience in the use of CAD/CAM/NC together with measuring and
manufacturing methods working together with both users and manufacturers of machines, controls and sensors.

EOS GmbH Electro Optical Systems focuses on high-end Additive Manufacturing (AM) solutions applying amongst
others Direct Metal Laser Sintering (DMLS™) technology. Projects involved ceramic applications and Additive
Manufacturing of tiles as well as projects to along the supply chain to strengthening the industries competitive
position based on on-demand production.
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Table 19: Organisations with most involvement in EU framework programmes (25-4 projects)

Top Organisations in EU Projects

0 5 10 15 20 25

Fraunhofer-Gesellschaft zur Férderung der angewandten Forschung e.v.*
TNO - Netherlands Organisation for Applied Scientific Research
MATERIALISE N.V.
The Welding Institute Ltd (TWI)
Katholieke Universiteit Leuven
Loughborough University (LboroU)
AIMME - Asociacion de investigacion de las industrias metalmecanicas, afines y...
BCT STEUERUNGS UND DV-SYSTEME GMBH
LPW TECHNOLOGY LTD
Philips NV
Siemens AG
AlJU Asociacion de Investigacion de la Industria del Juguete, Conexas y Afines
Bayerische Julius-Maximilians-Universitdt Wiirzburg
Consiglio Nazionale delle Ricerche - CNR
EOS GmbH Electro Optical Systems
Friedrich-Alexander-Universitat Erlangen-Nirnberg*
IBV Instituto de Biomecanica de Valencia - Biomechanical Institute of Valencia
Inspire AG fur Mechatronische Produktionssysteme und Fertigungstechnik
Karlsruher Institut fiir Technologie/Karlsruhe Institute of Technology - KIT*
Raufoss A/S
Universitat Stuttgart/University of Stuttgart
Universiteit Maastricht
University of Cambridge (CU)
University of Manchester (ManU)

Source: EUPRO database, CORDIS database, own calculation

In the UK apart from the research conducted at Loughborough and Cambridge University the strongest companies
or better private research institutes were The Welding Institute (TWI) and LPW Technology Ltd. TWI is an
independent research and technology organisation, with expertise in materials joining and engineering processes
applied to industry. LPW Technology Ltd. was originally established to provide application support and powders to
users of Laser Deposition and Powder Bed/Additive Metal Manufacturing machines. Both companies participated in
projects dealing with Selective Laser Melting, mainly with metal as well as material for light weight components
and past production along the supply chain.

In the Netherlands the strongest partners were TNO, an independent non-profit research organisation and Philips
N.V. TNO took part in a wide range of projects, coordinating three of them. Subjects of these projects were digital
and personalised fabrication, supply chain management, customised medical implants and ortheses as well as
micro-forming complex 3D and lightweight metal parts. Philips, being active in the areas of Healthcare, Consumer
Lifestyle and Lighting, contributed to projects dealing with complex 3D parts, printing of electronics and organic
materials and Graphene on a nanoscale basis.

In Belgium, Materialise N.V. participated in some of the same projects, with a main focus on software, rapid
prototyping, Additive Manufacturing and biomedical engineering. Materialise is a spin-off of the KUL (Katholieke
University of Louvain).

The most active research organisations in Spain were Metalworking Technology Institute, AIMME, ALJU Instituto
Tecnoldgico de Producto Infantil y Ocio, and IBV, the Biomedical Institute of Valencia. With different foci the three
research institutes participated in projects concentrating on metal working, applications for sports and leisure or
biomedical applications.

Most active companies were further the Swiss INSPIRE AG is a strategic partner of the ETH Zurich, the leading
Swiss competence center for technology transfer to the MEM industries, and Raufoss A/S, a company within the
The Neuman Aluminium Group, specialised in the development and the production of high-quality aluminium parts
A short description of the biggest projects, either in volume or in numbers of partners, is given next (see Table
20). A summary of research projects funded in FP6, FP 7 and Horizon 2020 of the most active research organisations
can be found in the annexes.
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Table 20: Overview of biggest EU-funded research projects and topics in line with the Applications of the SAM

Pt Sectorand applications

CUSTOM-FIT (A knowledge-based manufacturing system, established by

integrating Rapid Manufacturing, IST and Material Science to improve the

Quallty of Life of European Citizens through Custom fit Products); FP 6
CUSTOM-FIT drastically changes how and where products are designed
and made. It creates sustainable, knowledge-based employment,
which plays a critical role in safeguarding Europe's manufacturing
industry by developing and integrating a completely new and
breakthrough manufacturing process based on Rapid Manufacturing
(RM)

> Three main technical breakthroughs: Automated design system for
knowledge based design of Custom-Fit products, Processing of graded
structures of different material compositions and Rapid Manufacturing
for Instant and On-Demand manufacturing of graded Custom-Fit

products.

> Enables a vertical integration in the value chain and horizontal
integration by the ability to transfer the knowledge to other industrial
sectors.

AMAZE (Additive Manufacturing Aiming Towards Zero Waste & Efficient g /;\:;gisr?r?; e: Component
Production of High-Tech Metal Products); FP 7 > Aerospace: Non-
> The goal of AMAZE is to produce large defect-free additively- structural ) parts  for

manufactured metallic components (up to 2 meters) with close to zero aeroplanes

waste (50% cost reduction for finished parts) used in the high-tech > Automotive: Non-

sectors aeronautics, space, automotive, nuclear fusion and tooling. structural péﬂs
> The commercial use of adaptronics, in-situ sensing, process feedback,

novel post-processing and clean-rooms in AM will be reduced (quality

levels are improved, build-rates increased by factor 10, dimensional

accuracy increased by 25% and scrap-rates slashed to 5%)
> The links between alloy composition, powder/wire production, additive

processing, microstructural evolution, defect formation and the final

properties of metallic AM parts will be examined
ARTIVASC 3D (Artificial vascularised scaffolds for 3D-tissue-regeneration); | » Healthcare: Bioprinting
FP 7 / organ printing
> ArtiVasc 3D will provide a micro- and nano-scale based manufacturing

and functionalisation technology for the generation of fully vascularised

bioartificial tissue that enables entire nutrition and metabolism.
> The bioartificial vascularised skin (engineered in ArtiVasc 3D) will allow

tissue replacement with optimum properties. Vascularised skin will also

be used as an innovative in vitro skin equivalent for pharmaceutical,

cosmetics or chemical substance testing, which represents a promising

method to reduce expensive, ethically disputed animal testing.
> ArtiVasc 3D will develop a combination of hi-tech engineering (micro-

scale printing, nano-scale multiphoton polymerisation and electro-

spinning) with biological research on biochemical surface modification

and complex cell culture.

. . . > Machines & Tooling:

BOREALIS (the 3A energy class Flexible Machine for the new Additive and Spare parts for
Subtractive Manufacturing on next generation of complex 3D metal parts); machines
H2020 _ _ _ > Machines & Tooling:
> Borealis project presents an advanced concept of machine for powder Proto-typing in product

deposition Additive Manufacturing and ablation processes that development of

integrates 5 AM technologies. The machine is characterised by a machines

redundant structures constituted by a large portal and a small PKM

enabling the covering of a large range of working cube and a pattern

of ejective nozzles and hybrid laser source targeting a deposition rate

of 2000cm3/h with 30 sec set-up times. Software infrastructure enables

a persistent monitoring and in line adaptation of the process
> Aiming at TRL 6 for two complete Borealis machine in two dimensions

— a lab scale machine and a full size machine — which are foreseen to

be translated into industrial solution by 2019

> Machines & Tooling
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Sector and applications

NAIMO (NAnoscale Integrated processing of self-organizing Multifunctional | » Healthcare

Organic Materials); FP6

> NAIMO will develop new multifunctional materials that are processed
by solution-based Additive Manufacturing (e.g. direct printing), under
quasi-ambient conditions, to form a composite material with designed
multifunctionality in an environmentally-friendly way.

> A key outcome of NAIMO will be the set of materials, process and
manufacturing capabilities to transform a plastic film substrate into a
multifunctional composite (with designed electronic, optical, sensing
and magnetic capabilities).

3.3 Bibliometric analysis

3.3.1 Approach

Scientometric and bibliometric methods can serve as a valuable tool for gaining an overview on a research topic
and insight into scientific literature and to identify relevant key players (both academic and industrial research
players, top researchers and the connections between them).

Scientific activity and the associated research output are reflected in the number of scientific publications issued
worldwide in any field of research. Consequently, high numbers of scientific papers on a particular technology in a
certain area indicate high scientific activities and specialisation in this area, whereas low activities may result in
technological dependencies on other regions concerning the particular technology. Beside the identification of topics
and key players, we analysed the network and connections between topics or actors, thus identifying related topics
or collaboration between organisations. The benefit of bibliometric analysis refers to the possibility of content-based
structuring of information, the identification of subtopics, the visualisation of the contents, of structure and
connections of information. The calculations were done with the tool BibTechMon™ developed by AIT.330

The computation of science maps is based on the two dimensional representation of the co-occurrence matrix of
terms in the relevant literature (reviewed journals, conference proceedings, patents). The representation of the
inter-term relations is done via a spring model and by clustering algorithms. Depending on the question of
investigation, the map renders descriptors (keywords), extracted noun phrases (e.g. extracted from Abstracts and
titles), actors (authors, organisations) or a combination thereof. By defining appropriate indicators, it is possible to
identify emerging research fields or emerging or incumbent key players in the relevant scientific
communities.33!

The basis of the analysis was data from the Web of Science™ publication database from Thomson Reuters.332

We adopted the following search strategy for the time period 2010 until 09t July 2015:

> Topic=(3D-print* OR three dimensional print* OR 3D plot* OR additive manufac* OR stereolitho* OR stereo
lithogra* OR direct metal laser sinter* OR drug print* OR 3d Biop* OR three dimensional biopr* OR electron
beam melting OR Selective laser melt* OR Selective laser sinter* OR fused deposition modelling OR fused
deposition modeling OR Laser cus* OR sheet lamination OR binder jetting)

> AND Document Type = (Article OR Book OR Book Chapter OR Meeting Abstract OR Meeting Summary OR
Proceedings Paper OR Review)

By employing this search strategy we were able to identify and analyse 4,713 recorded articles. Using the
BibTechMon™ software we were able to calculate networks based on co-object analysis; the research activity was
measured by weighted number of local agglomerated similar publications; similarity measured by the Jaccard index
of bibliographically coupled publications, visualisation was performed with a spring model and number weighted by
the similarities between publications. Some results of the analysis are presented next. In addition, we incorporated
findings within the Sectors-Application Matrix.

30 Kopcsa A, Schiebel E. (1998). Science and Technology Mapping: A New Iteration Model for Representing Multidimensional
Relationships. Journal of the American Society for Information Science, 49, 1, 7-17.

31 In case of this literature analysis an object (a node) is a paper. The “size” of a node is related to the number of cited
references used in this paper. The more references a paper cites, the “bigger” the node is. Two papers share an edge if they
cite the same reference. The more references two papers share, the closer they are related and thus are drawn together
closer in the network. The nodes find their positions in the network graph based on their relations to all other nodes. This
results in a network of nodes, where clusters of nodes dealing with similar topics are formed. Papers lying within these
clusters can be studied whereby topics are identified and labelled. This results in a map of research areas and topics, with
research fronts, clusters of highly cited papers, standing out.

332 The Web of Science™ is an online database and provides a citation databases and covers over 10,000 of the highest impact
journals worldwide, including Open Access journals and over 110,000 conference proceedings with the focus on essential
data across 256 disciplines.
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3.3.2 Results
Figure 29 depicts the scientific publication network where the height of peaks corresponds to the number of

publications in a given field. The position of themes to each other is an indicator for how close or unrelated topics
are. In total, we identified 11 peaks which are interpreted as research fronts.

Figure 29: Main research activities in 3D-printing and Additive Manufacturing
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Source: Web of Science, own calculation

Table 21 summarises the distribution of publication numbers between continents. The number of publications is an
indicator of how active research or industrial organisations are in each of the specified topics. In Europe the most
outstanding topics of research were on “Biomedical Implants with Electron Beam Melting and Selective Laser
Melting”, “Mandibular Reconstruction Surgical Planning” and “Selective Laser Melting”.

More detailed information was generated for each topic, i.e. research disciplines, keywords, pioneering publications,
a list of most recent publications and key scientists with their respective affiliation. An example is given in annex

for the research front “Micro-Stereolithography”. In addition, the results of the analysis were further added to the
Sectors-Application Matrix (see section 3.4).
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Table 21: Distribution of Publications by Research Fronts and Continents (bold: strength of the EU)

Europe
Research Fronts (without Nort_h Oceania Souiih
America America
' 3D Bioprintng | | 3 € | 7 | 127 | 10
Additive Manufactured Scaffolds- 1 106 76 10 53 6 5
Based Bone Tissue Engineering
Biomedical Implants EBM and 1 37 177 10 65 8 3
SLM
Guided Surgery Dental Implants 22 96 21 25 17
Mandibular Reconstruction 6 51 113 12 63 9 17
Surgical Planning
Microstereolithography 71 36 1 69 2 1
Photonic Chrystals 31 2
Stereolithographie
Additive Manufacturing, Misc. 1 14 54 5 24 2 6
Selective Laser Melting 5 150 | 229 17 34
Silicon Purification By Electron 53 3
Beam Melting
Ultrasonic Additive Manufacturing 4 6 41
not assigned 45 1615 | 2127 243 1729 208 104
Sum 59 2185 | 2978 326 2230 248 157

Source: Web of Science, own calculation

For each of the identified topics the most active industrial companies were identified and shown in Table 22 with
companies situated in Europe marked in grey333. Some selected findings for the three research fronts where Europe
is particularly strong can be summarised as follows:

Biomedical, metallic implants fabricated with materials such as titanium, tantalum, chrome, cobalt and stainless
steel have been in routine clinical use for several years. Medical grade Titanium alloys (Ti6Al4V) are widely used as
implant materials due to their high strength to weight ratio, corrosion resistance, biocompatibility and
osseointegration properties. The porous structures produced by the electron beam melting process present a
promising rapid manufacturing process for the direct fabrication of customised titanium implants for enabling
personalised medicine.33* Most active companies in this research field were 3D Syst LayserWise, 3T RPD Ltd.; Avio
SPA, Implantcast GmbH and others, all with addresses in Europe.

Mandibular reconstruction is often needed after partial resection and continuity defect. The aims for reconstruction
are the maintenance of proper aesthetics and symmetry of the face and the achievement of good functional result,
thus preserving the form and the strength of the jaw and allowing future dental rehabilitation. Using Electron Beam
Melting or Selective Laser Melting (SLM) is a rapid prototyping method by which porous implants with highly defined
external dimensions and internal architecture can be produced. These methods for the processing of titanium have
led to a one step fabrication of porous custom titanium implants with controlled porosity to meet the requirements
of the anatomy and functions at the region of implantation.33> Besides European VS Technology GmbH and Mat
Dent NV situated in Switzerland and Denmark most prominent companies were located in USA or China.

333 The analysis of organizations is demanding as the spelling and notation of an organization’s name is not unique in the data

source. Organizations may have changed their names or organization structures over the considered time span. Mergers and
reorganizations of institutes and companies are not documented in the data sources. Therefore the available information of
organizations in the specific data field was standardized manually. Even this work proofed to be a challenge. As countries
have different institutional structures on universities for instance, as the department is quoted, sometimes a business unit,
or the institute, and often it is not possible to decide about the hierarchical role of them. Nevertheless standardization was
performed to show the visibility of the organizations. Therefore the reader is asked to take these preceding thoughts into
account for considering the analysis of organizations.

334 Mréz W1, Budner B, Syroka R, Niedzielski K, Golanski G, Sldsarczyk A, Schwarze D, Douglas TE. (2015). In vivo implantation
of porous titanium alloy implants coated with magnesium-doped octacalcium phosphate and hydroxyapatite thin films using
pulsed laser deposition. J Biomed Mater Res B Appl Biomater. 2015 Jan;103(1):151-8. doi: 10.1002/jbm.b.33170. Epub 2014
May 7. Parthasarathy, J., Starly, B., Raman, S., & Christensen, A. (2010). Mechanical evaluation of porous titanium (Ti6Al4V)
structures with electron beam melting (EBM). Journal of the Mechanical Behavior of Biomedical Materials, 3(3), 249-259.
doi: http://dx.doi.org/10.1016/j.jmbbm.2009.10.006

35 Cohen, A., Laviv, A., Berman, P., Nashef, R., & Abu-Tair, J. (2009). Mandibular reconstruction using stereolithographic 3-
dimensional printing modeling technology. Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology, and Endodontology,
108(5), 661-666. doi: http://dx.doi.org/10.1016/j.tripleo.2009.05.023
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Selective laser melting (SLM) is driven by the need to process near full density objects with mechanical properties
comparable to those of bulk materials. During the process the powder particles are completely molten by the laser
beam. The resulting high density allows avoiding lengthy post-processing as required with selective laser sintering
(SLS) of metal powders. 33¢ Companies identified in this research fields were EADS, LayerWise NV, Inspire AG as
well as Robert Bosch GmbH and Siemens Turbomachinery AB.

Table 22: Companies by research fronts — Authors’ affiliations of type "company”, European companies marked in

blue
‘ Name of Research Front \ Most Active Companies
3D Bioprinting NanotecMARIN GmbH, D-55128 Mainz, Germany

Organovo Inc, San Diego, CA 92121 USA
Stratasys Ltd, Rehovot, Israel

TeVido BioDevices LLC, Austin, TX 78727 USA
Biomatica Srl, Rome, Italy

Hitachi Ltd, Hitachnaka Ibaraki 3128506, Japan
Mo Sci Corp, Rolla, MO USA

ReMeTeks Closed Corp, Moscow, Russia
Additive Manufacturing miscellaneous Airbus Ltd, Bristol, Avon, England

Additive Manufactured Scaffolds-
Based Bone Tissue Engineering

EADS Innovat Works Metall Technol & Surface Engn, D-81663
Munich, Germany

EADS Innovat Works, Bristol BS997AR, Avon, England
Biomedical Implants EBM and SLM 3D Syst LayerWise NV, B-3001 Leuven, Belgium

3T RPD Ltd, Newbury RG19 6HD, Berks, England
Avio SpA, I-10040 Turin, Italy

Ctr Sviluppo Mat SpA, 1-00128 Rome, Italy
Implantcast GmbH, D-21614 Buxtehude, Germany
LayerWise NV, B-3001 Heverlee, Belgium

LayerWise NV, B-3001 Leuven, Belgium

Lima Corp, Milan, Italy

Simpleware Ltd, Exeter EX4 3PL, Devon, England

SLM Solut GmbH, D-23556 Lubeck, Germany
Stanmore Implants Worldwide Ltd, Elstree WD6 3SJ], Herts,
England

Mandi_bular Reconstruction - Surgical IVS Technol GmbH, Chemnitz, Germany
Planning

Mat Dent NV, Dept Res & Dev, Louvain, Belgium
Med Modeling Inc, Golden, CO USA
Mitralign Inc, Tewksbury, MA USA

Shanghai Dragon Automot Technol Co Ltd, Shanghai 201600,
Peoples R China

Shanghai ZhiZi Automot Co Ltd, Shanghai 201600, Peoples R China
Siemens Healthcare, Cardiovasc MR R&D, Chicago, IL USA
Microstereolithography AlpZhi Inc, Atlanta, GA 30318 USA

Dow Chem Co USA, Elect Mat, Newark, DE 19713 USA

GE Global Res, Niskayuna, NY 12309 USA

Selective Laser Melting 3DSIM LLC, Louisville, KY 40202 USA

336 Kruth, 1. P., Froyen, L., Van Vaerenbergh, J., Mercelis, P., Rombouts, M., & Lauwers, B. (2004). Selective laser melting of
iron-based powder. Journal of Materials Processing Technology, 149(1-3), 616-622. doi:
http://dx.doi.org/10.1016/j.jmatprotec.2003.11.051
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Name of Research Front Most Active Companies

EADS Innovat Works Metall Technol & Surface Engn, D-81663
Munich, Germany

Eurocoating Spa, I-38050 Cire Di Pergine, Trento, Italy

INSPIRE AG Mechatron Prod Syst & Fertigungstech, IRPD, St
Gallen, Switzerland

INSPIRE AG Mechatron Prod Syst & Fertigungstech, Zurich,
Switzerland

Inspire AG, Inst Rapid Prod Dev, St Gallen, Switzerland

K4Sint Srl, Pergine Valsugana, TN, Italy
LayerWise NV, B-3001 Heverlee, Belgium
LayerWise NV, B-3001 Leuven, Belgium

Panason Corp Eco Solut Co, Kadoma, Osaka 5718686, Japan
Polaronyx Inc, San Jose, CA 95131 USA

Robert Bosch GmbH, Schwieberdingen, Germany
Sichuan Petr Perforating Mat Ltd, Longchang 642177, Peoples R
China

Siemens Turbomachinery AB, S-61231 Finspang, Sweden
SLM Solut GmbH, D-23556 Lubeck, Germany
Units IM Technol AG, St Gallen, Switzerland

Silicon Purification by Electron Beam ) )
Melting Baotou City Shansheng New Energy Co Ltd, Inner Mongolia,

Peoples R China
Grikin Adv Mat Co Ltd, Beijing, Peoples R China

Qingdao Longsun Silicon Technol Ltd, R&D Dept, Qingdao 266000,
Peoples R China

Ultrasonic Additive Manufacturing Edison Welding Inst, Columbus, OH 43212 USA
Solidica Inc, Ann Arbor, MI 48108 USA
No companies were found in the data set analysed

Guided Surgery Dental Implants

Photonic Chrystals Stereolithography | yo companies were found in the data set analysed
Source: Web of Science, own calculation

3.4 Sectors-Applications Matrix (SAM)

The outputs of the first four tasks of the project were used as inputs to the Sectors-Applications Matrix presented
below (see Table 23).

This matrix depicts every technology and associated geographical concentration, components of the European
supply chain, the potential of the application area as well as its expected socio-economic impacts.

118



Table 23: Sectors-Applications Matrix

Socio-

FINAL REPORT

Sector A 3PP'. Technology Geographlf:.al European. supply Potential economic Source
pplication concentration chain )
impacts
Maturity Techng/og Main AM‘— Global key EU/{((J;}; an  Network Type of Buginess Material e;;zg;:go
y readiness technologies playes players market = drivers  development -

Aerospace | Structural 1-2 First EBM, SLM, | General AvioAero by | Airbus B-to-B | Reduced | Special metal | Growing Energy Varetti, M.; Recent
parts for component | DED Electric  (GE|GE Aviation|and its costs, powders. savings Achievement in
aeroplanes s approved Aviation / | (Turin/Milan) | suppliers, shorter Advanced and Additive
, especially for Morris , Rolls | Graphite lead time, | materials. emission Manufacturing at
engines commercial Technologies), | Royce, BAE | Additive reduced reductions |Avio Aero. Additive
(e.g. jet engines SNECMA, Systems, Manufact inventory Manufacturing  for
turbine Hamilton Snecma (FR) | uring costs, Defence and
blades, fuel Sundstrand, . (UK), better Airspace Europe
nozzles) Boeing, Avio performa Conference. 18.-

Honeywell (Italy), nce, 19.2.2015, Lontoo.
International Arcam better Slides, 16 p.
Inc., Lockheed (Sweden) quality, http://www.fda.gov/
Martin,... CFM reduced downloads/MedicalD
International buy-to-fly evices/NewsEvents/
(joint venture ratio WorkshopsConferen
of GE & ces/UCM418401.pdf
Snecma), 2.4.2015,
Amaero http://www.merlin-
(Australia) project.eu/home/ind
ex.jsp,
http://www.gizmag.
com/ge-faa-3d-
printing-aircraft-
engine-part/37018

Aerospace | Non- 1-2 Have been|SLS, FDM, | Boeing, Airbus, Airbus B-to-B | Reduced | Advanced Growing Energy http://3dprintingind
structural used in | Material Stratasys, Strasys and its costs, materials. savings ustry.com/2015/05/
parts for military Jetting, SLM | McDonnell europe suppliers shorter and 06/airbus-a350-xwb-
aeroplanes many years Douglas lead time, emission takes-off-with-over-
(e.g. and reduced reductions | 1000-3d-printed-
electrical increasing inventory parts/
boxes, usage in costs,
brackets, commercial better
air ducts) side performa

nce,
better
quality,
reduced
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FINAL REPORT

. Socio-
Sector A 3PP'. Technology Geographlfal European. supply Potential economic Source
pplication concentration chain )
impacts
: Key . . Market
. Technolog =~ Main AM- Global key Type of Business — Material ]
il y readiness technologies playes Egg’ﬁ; iﬂ WS market  drivers  development Bes8siY
buy-to-fly
ratio
Aerospace | Componen 1-2 Prototypin | SLM, SLS Lockheed ESA ESA B-to-B | Reductio |E.g. carbon |Growing Energy, Williamson, M.,
ts for g parts and Martin  Space | consortium | coordinat n of cost, | nanotube and Building a rocket?
satellites various Systems, ing mass, reinforced material Press “P” for print...

(e.g. flight ready Boeing actions lead time, | polymer savings. Engineering and

multifuncti parts. with  its and (CNRP) Technology, March

on casing, suppliers complexit 2015, p. 40 - 43, ESA

RF filters, y of Roadmap,

optical assemblie http://www.flightglo

baseplate, s,  high bal.com/news/article

bracket) performa s/lockheed-martin-
nce reveals-f-35-to-
materials feature-
nanocomposite-
357223/
Aerospace | Componen 1-2 Demonstra | DED Sciaky, Trumpf- E.g. B-to-B | Cost and | Combination | Growing Material Nannan Guo et al,
t repairing, tions Optomec, Sisma, Rolls- time of materials savings. Additive
based on Lockheed Fraunhofer | Royce savings, | possible manufacturing:
directed Martin, ... ILT, Hermle | Deutschla maintane technology,
energy (Germany), |nd, nce, applications and
deposition Wojskowe Fraunhof security research needs,
and hybrid Zakfady er ILT; Front. Mech. Eng.

technologi Lotnicze Nr 2 | Zortrax, 2013, 8(3), 215-243.
es (e.g. (Polish Poland http://www.us.trum
aircraft aircraft (3D- pf.com/nc/en/press/
engine repair printer press-

compresso company), manufact releases/press-

r UK  Space | urer) release/rec-
component Agency, uid/267872.html..ht
s, blisks Airbus... ml,

(intergrally http://www.ilt.fraun
bladed hofer.de/en/publicati
rotors), on-and-
airfoils) press/brochures/bro

chure_Repair_and_F
unctionalization.html
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Sector

3DP-
Application

Maturity

Technology

Technolog

Main AM-

y readiness technologies

Geographical
concentration

Global key
playes

Key
European
players

European supply
chain

Network

Type of Business

market

drivers

Potential

Material
development

Market
expectatio

Socio-
economic
impacts

FINAL REPORT

Source

Aerospace | Componen 2-3 Under E.g. Binder | USA (e.g. |ESA Does not|B-to-B | Demandi |E.g. ultra | Growing Developme | Nannan Guo et al,
ts for very research Jetting (FEF) | Missouri  S&T | consortium | exist. ng high nt of | Additive
demanding for ultra high environm | temperature material manufacturing:
environme temperature ents, ceramics, science technology,
nts (e.g. ceramics) complex | refractory applications and
hypersonic structure | metals etc. research needs,
flight S Front. Mech. Eng.
systems, 2013, 8(3), 215-243.
rocket
propulsion
systems)

Aerospace | Fabrication 2-3 First FDM, etc. NASA ESA Does not | B-to-B | Avoiding | Depends on | Growing Space http://3dprint.com/8
of spare componets consortium consortium | exist. launching | the utilization | 8514/made-in-
parts and have been and ESA from the | application space-and-
satellites in printed consortium earth nanoracks-sign-deal-
spacecraft to-build-and-deploy-
s and cubesats-in-orbit/
spacestatio
ns

Automotiv | Jigs and 1-2 Commonly |SLS, FDM, |all leading | e.g. Volvo, | e.g. B-to-B | productivi | tool steels Tooling can Gilinter Schmid and

e assembly used SLM etc. manufacturers | BMW, Audi | Volvo ty, have Ulrich  Eidenschink,
tools (e.g. with flexibility moderate BMW  Regensburg:
for in Stratasys impact WITH FDM IN JIG &
bodyshell , Audi FIXTURE
constructio with CONSTRUCTION.

n, Materialis Stratasys White
painting) e paper.

Automotiv | Prototypin 1 Broadly various all leading | BMW,  Audi B-to-B | Faster Prototyping 3D-printing from

e g for used manufacturers | (Lamborgini) product can have Stratasys and Energy
product , Volvo, Fiat developm only limited Group Help
developme Chrysler,.. ent, impact Lamborghini  Make
nt (e.g. better Cars Faster. Davide
visual performa Sher By Davide Sher
models, nce, On Tue, May 5, 2015
functional avoiding
models for mistakes
wind
tunnel
testing)
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http://3dprint.com/88514/made-in-space-and-nanoracks-sign-deal-to-build-and-deploy-cubesats-in-orbit/
http://3dprint.com/88514/made-in-space-and-nanoracks-sign-deal-to-build-and-deploy-cubesats-in-orbit/
http://3dprint.com/88514/made-in-space-and-nanoracks-sign-deal-to-build-and-deploy-cubesats-in-orbit/
http://3dprint.com/88514/made-in-space-and-nanoracks-sign-deal-to-build-and-deploy-cubesats-in-orbit/
http://3dprint.com/88514/made-in-space-and-nanoracks-sign-deal-to-build-and-deploy-cubesats-in-orbit/
http://3dprint.com/88514/made-in-space-and-nanoracks-sign-deal-to-build-and-deploy-cubesats-in-orbit/

Socio-

FINAL REPORT

Sector A BPP'. Technology Geographlf:al European. supply Potential economic Source
pplication concentration chain )
impacts
: Key . . Market
. Technolog =~ Main AM- Global key Type of Business — Material ]
il y readiness technologies playes Egg’;fr iﬂ WS market  drivers  development Bes8siY
Automotiv | Personaliz 1-2 At BMW, | FDM etc. e.g. BMW. | BMW, Ai | e.g. BMW | B-to-C | personali Growing https://www.stratas
e ed car more than Several Design using zation, ysdirect.com/case-
interiors 100,000 Chinese (customized | stratasys mass studies/automotive-
(e.g. parts a companies car technolog customiz personalization-
dashboard year  are (e.g. Shanghai | manufacture |y, EOS, ation brought-to-life/
) and being Dragon r); Italy: | Additive
exteriors made Automot Ferrari, manuf.
(e.g. wing additively, Technol Co | Lamborghini, | Services:
mirrors according Ltd) have wide | Agusta, CRP
and other to patent Ducati; Group,
non- Wolfgang portfolio Mercedes, Skorpion,
sturctural Thiele, Energy
component more than Group
s) 95 percent and Proto
of  those Service
are
polymer-
based
interior and
functional
parts.
Automotiv | Demandin 1-3 Under SLM, SLS e.g. BMW BMW, Michelin | B-to-C | better Growing, Allen Kreemer,
e g research / Germany; joint performa large and Stratasys, Inc. Motor
component testing, Prodrive venture nce, broad Trends - Additive
s (e.g. gear e.g. in race (UK); Fiat | with Fives complex supply manufacturing drives
box, cars, first Chrysler (metallic structure chain production of race-
powertrain parts Automobiles | AM), s across ready parts. AM SRA.
parts, approachin (FCA); France Europe Wohlers 2015 -
water g to applications.
pump commercial http://www.metal-
wheel) vehicles am.com/news/0032
45.html
Automotiv | Printed car 2-3 Local Motors B-to-C e.g. CFRP, https://localmotors.c
e body, (China) foams om/3d-printed-car/,
chassis http://www.techtime
s.com/articles/67341
/20150709/local-
motors-unveils-the-
design-of-highway-
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Socio-
economic
impacts

3DP-
Application

European supply
chain

Geographical

. Source
concentration

Sector Technology Potential

Market
expectatio

Key

Material
European

development

Technolog =~ Main AM-
y readiness technologies

Global key
playes

Type of Business

Weavoric market  drivers

Maturity

players
ready-3d-printed-
car.htm
Automotiv | Light 2-3 Toyota's Toyota B-to-C | Customiz Energy http://3dprintingind
e commercia highly (Japan), Jim ation, savings ustry.com/2015/07/
I vehicles customized Kor's  Urbee personali and 06/rinkak-provides-
(e.g. light i-Road (Us) zation, emission toyota-with-mass-
weight Personal light reductions | 3d-printing-for-i-
parts, Mobility weighting road-project/
personaliz Vehicle,
ed parts) market
launch
2016
Healthcare | Inert 1-2 More than e.g.  Oxford | e.g. Symbios | WASP B-to-B, |product |Bio- Growing, Wohlers 2015.
implants, 90 000 Performance | (UK), joimax | (Italy); B-to-C | customiz | compatible / | very http://3dprintingind
hard acetabular Materials (US) | (German), Materialis ation and | bio- innovate ustry.com/2015/07/
implants implants Layerwise e personali | absorbable |industry is 10/the-first-3d-
i.e. bone have been (part of 3D | (Belgium) zation, materials. emerging printed-sternum-
replaceme produced Systems), ; Arcam structural | Purity of implant-deemed-a-
nt (e.g. by AM, Belgium, AB optimizati | materials success/,
acetabular about half Nanotec (Sweden) on (e.g. http://www.nanotec
implants, of  them Marin GmbH |, gradient marin.de/index.php/
skull implanted. (Germany), structure en/technologies
implants, Some skull Stanmore S),
sternum implants Implants independ
implants) (polymer Worldwide, ence of
based) 3T RPD Ltd, economie
implanted Implantcast s of scale
succesfully. GmbH,
First 3Dceram
sternum
implant has
been
succesfully
implanted
(2015)
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Sector

Healthcare

3DP-
Application

Tools,
instrument
s & parts
for medical
devices
(i.e. tools
and jigs for
surgery,
i.e. Kelly
hemostat,
needle
driver,
tissue
forceps,
retractor,
scalpel
handle and
Metzenbau
m scissors)
(eventually
also
consider
exoskeleto
ns)

Maturity

Technology

Technolog

y readiness technologies

Major
manufactur
ing
technology
for hearing
aids, other
areas
growing or
under
research

Main AM-

Geographical
concentration

Global key
playes
Many us
hearing  aid
manufacturers
e.g. GN
ReSound , 3D
Systems,

Medical
Modeling,

G%
European

players
Siemens,
Lima
Corporate
(Italy), GN
ReSound
(Denmark),
EnvisionTEC
Germary,
DSM

European supply
chain

Network

LayerWis
€
Belgium
(advance
d direct
metal 3D-
printing
and
manufact
uring
services);
Materialis
e
(Belgium)
; EOS,
Germany
; Ruetschi
Technolo
gy AG
(Switzerl
and),
Concept
Laser
GmbH
(German
y),
EnvisionT
EC with
GN
ReSound

Type of Business

market

B-to-B,
B-to-C

drivers

more
efficien
productio
n chain,
mass
personali
zation,
remote
operation
s

Potential

Material
development
Bio-
compatible
materials

Market
expectatio

Growing

FINAL REPORT

Source

http://www.forbes.c
om/sites/rakeshshar
ma/2013/07/08/the-
3d-printing-

revolution-you-have-

not-heard-about/
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Sector A BPP'. Technology Geographlf:al European. supply Potential economic Source
pplication concentration chain )
impacts
: Key . . Market
. Technolog =~ Main AM- Global key Type of Business — Material ]
il y readiness technologies playes Egg’;fr iﬂ WS market  drivers  development Bes8siY
Healthcare Dental 1-2 3D-printed | SLM, SLS e.g. Align | 3DMedicalPri | Roboze, |B-to-B, | Mass Bio- Growing, Economist: 3D-
(e.g. dental Technologies |nt, Austria; | Bari Italy | B-to-C | personali | compatible / | strong printing scales up,
crowns, guides. Inc (Invisalign | SLM (High zation, bio- impacts http://3dprintingind
braces and Indirect Dental Solutions precision more absorbable ustry.com/2015/08/
dentures), production braces), Germany; printer effient materials. 10/dentures-get-3d-
also dental of dental DENTCA EOS manufact prodution | Purity of printed-boost-with-
devices crowns (USA), Germany; urer) materials dentcas-fda-
Stratasys Concepts approval/,
(Israel/USA) Laser http://www.3ders.or
Germany; g/articles/20140524-
Planmeca uk-dental-lab-plans-
Group, use-3d-printing-to-
Finland, Mat create-custom-
Dent NV, made-spinal-
Implant & implants.html
3D Planning
Ctr, Skyscan
NV
Healthcare | Medical 1-2 At least Fripp design, | e.g. Materialis | B-to-B, | Mass soft Oliver Wainwright:
aids, facial UK (facial | Materialis, e B-to-C | personali | materials Faces to order: how
supportive prosthesis prosthetics) various DIY zation, 3D-printing is
guides and manufactur projects with more revolutionising
prosthesis ed service effient prosthetics.
(e.g. facial commercial suppliers prodution http://www.theguar
prostheses ly, others dian.com/artanddesi
’ arm coming gn/architecture-
prosthesis) design-
blog/2013/nov/08/fa
ces-3d-printing-
prosthetics
Healthcare | Prototypin 1 Increasingl Various Various Materialis | B-to-B, | service, Prototyping http://www.news-
g i.e. y used. players players e.g.|e, B-to-C | education can have medical.net/news/20
preoperati From Materialise, | Blueprint , avoiding only limited 150803/3D-printed-
ve models technologic 3D Systems, |er mistakes impact models-of-childrens-
(prototype al Blueprinter brain-anatomy-help-
s based on perspecive, reduce-operative-
scanning the risk-of-complex-
data) challenges procedures.aspx
are more
related to
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. Socio-
Sector A 3PP'. Technology Geograpthal European.supply Potential economic Source
pplication concentration chain )
impacts
: Key . . Market
. Technolog =~ Main AM- Global key Type of Business — Material ]
il y readiness technologies playes E;//r:},/o; iﬂ WS market  drivers  development Bes8siY
scanning
and other
detection
technologi
es, not to
printing
itself.

Healthcare | bioprinting 2-3 Under e.g. Organovo |regenHU Ltd | L Oreal |currentl | personali e.g. Murphy and
’ organ research. (US), Wake | (Switzerland |(France) |y B-to- | zation, Atala - 3D
printing Two- Forest ),  L’Oreal | with B, in | productivi bioprinting of tissues
(e.g. dimensiona Institute of | (France) Organovo | future |ty and organs,
human | producs Regenerative (USs) maybe http://edition.cnn.co
skin, blood (like skin) Medicine (US), B-to-C m/2014/04/03/tech/i
vessels, will be first 3D biotek nnovation/3-d-
kidney) application (US), printing-human-

s, followed Advanced organs/,

by hollow biomatrix https://agenda.wefo
tubes (US), TeVido rum.org/2014/08/3d
(blood BioDevices -bioprinting-
vessels (US) several changing-medicine/,
etc.) then universities http://labiotech.eu/I
hollow e.g. Wake oreal-get-into-bio-
organs and Forest School printing-skin-for-
finally solid of Medicine cosmetic-tests/,
organs. http://www.technavi
Scaffold is 0.com/blog/top-10-
on 3d-bioprinting-
approac, companies,

and might http://tevidobiodevic
also been es.com/

3D

printed.
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Sector A BPP'. Technology Geographlf:al European. supply Potential economic Source
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impacts
: Key . . Market
. Technolog =~ Main AM- Global key Type of Business Material :
il y readiness technologies playes Egg’;fr iﬂ WS market  drivers  development Bes8siY
Healthcare | smart 1-2 First FDA e.g. Aprecia, B-to-B, | personali http://3dprintingind
medicine approval us B-to-C | zation, ustry.com/2015/08/
(e.g. for 3D- productivi 03/fda-approves-
personaliz printed ty the-first-3d-printed-
ed dosage) prescriptio drug/
n drug
(Aprecia,
US). Under
research
Machinery | Metallic 1 Commercia | SLM, hybrid | Marketed Major Some BtoB |High New tool | Growing, Depends http://www.stratasy
& Tooling | mould lly  used, | machines strongly by | companies in | supplies productivi | steels. strong on s.com/solutions/addi
inserts for but not Stratasys. different exist, like ty and impacts on | application. | tive-manufacturing
injection widely. end-user Fado in high the value
moulding sectors, e.g. | Poland; quality chain
and die automotive, | Additive through across
casting consumer, Industrie optimal Europe
aerospace, |s (NL); cooling
medical. Mcor,
Volvo Trucks | Ireland;
(Lyon FR) EOS,
Germany,
InvisionT
EC,
Germany
Machinery | Plastic 1 Commercia | Material Marketed Major Lot of |BtoB | Cutting Heat and | Prototyping | Depends http://www.stratasy
& Tooling | mould lly  used, |jetting, SLS |strongly by | companies in | suppliers. costs and | wear can have |on s.com/solutions/addi
inserts for but not Stratasys. different time. resistant only limited | application. | tive-manufacturing
injection widely. end-user plastics. impact
moulding. sectors
Short
series and
prototypes
for testing.
Machinery | Sheet 1 Commercia | SLM. For | Marketed Major Very BtoB |Cutting New tool | Tooling can | Depends https://www.stratas
& Tooling | metal tools lly used, |short series |strongly by | companies in | often in time. steels. Wear | have on ysdirect.com/blog/fd
but not | and Stratasys. different house. resistant moderate | application. | m-sheet-metal-
widely. prototyping end-user plastics. impact forming/
FDM, sectors
Material
Jetting, SLS
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3DP-
Application

Maturity

Technology

Technolog
y readiness

Main AM-
technologies

Geographical
concentration

Global key
playes

Key
European
players

European supply
chain

Network

Type of Business

market

drivers

Potential

Material
development

Market
expectatio

Socio-
economic
impacts

FINAL REPORT

Source

Machinery | Fixtures 1 Commercia | FDM, Marketed Major Very BtoB |Cutting Cost and | Tooling can | Depends http://www.stratas
& Tooling | and jigs for lly used. Material strongly by | companies in | often in costs and | time cutting. | have on s.com/solutions/addi
assembly Jetting Stratasys. different house. time. moderate | application. | tive-manufacturing,
and end-user impact http://www.stratas
welding sectors, e.g. s.com/resources/cas
in car (Sl
industry. studies/automotive/
bmw
Machinery |Sand 1 Commercia | Binder For sand | For sand | ExOne (|BtoB | Cutting Binders for | Growing, Depends http://www.stratasy
& Tooling | moulds lly used by | Jetting, FDM | moulds and | moulds and | The time, moulds and |large and |on s.com/solutions/addi
and cores early for pattern. | cores: ExOne, | cores developm reducing | cores diverse application. | tive-manufacturing
for adapter headquarters |Voxeljet in|ent and fixed supply
foundries in the USA.|Germany; productio costs, chain acoss
when Stratasys Sand Made, | n facility short Europe
individual active in | Poland, in series
castings marketing Newbyfound | Augsburg
are pattern ries, UK, |,
needed. making. 3Dealise Ltd | Germany
Plastics Several UK )and
patterns players in US Voxeljet
for sand supply
casting. services.
Also
other
suppliers.
Foundries
. Several
applicatio
n
industries
Machinery | Patterns 1 Commercia | Material Marketed Voxeljet in|Often in|{BtoB |Cutting PMMA, wax, Depends http://3dprintingind
& Tooling | for lly used. Jetting, FDM | strongly by | Germany house. time. SLA on ustry.com/2014/03/
investment Stratasys. strong in application. | 26/voxeljet-wax-

casting for
short
series and
product
developme
nt.

wax printers.

investment-casting-

process-3d-printing/,
http://www.stratasy
s.com/solutions/addi

tive-manufacturing
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Potential
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impacts
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Machinery | Spare parts 1-2 Cases Depends on | A wide sector: | A wide [A  wide | (B  to| Cutting A wide | Growing A wide
& Tooling | for exist, notin | application. | depends  on | sector: sector: C), B to | time, sector: sector:
machines wide use application. depends on |depends |B service depends on depends
(e.g. gears, yet (i.e. not application. | on business | application. on
housings, provided as Maersk, DK | applicatio opportuni application.
buttons, servive by (Fabricate n. tes,
fasteners) OEM's) Spare Parts bound
on  Ships), capital
online
suppliers like
Shapeways,
iMaterialize
and  other
AM  service
providers
Machinery | Prototypin 1 Traditional | Depends on | A wide sector: | A wide [A  wide |[Bto B | Cutting A wide | Prototyping | A wide
& Tooling |g in technology | application. | depends on | sector: sector: time. sector: can have | sector:
product application. depends on | depends depends on | only limited | depends
developme application. |on application. | impact on
nt of Various applicatio application.
machines service n.
providers
Machinery | New 1-2 Cases exist | Depends on | A wide sector: | A wide | Supply BtoB |A wide|A wide | Growing A wide | http://www.3ders.or
& Tooling |innovative application. | depends on | sector: chain sector: sector: sector: g/articles/20150720-
machines, application. depends on | difficult depends | depends on depends automatas-low-cost-
and application. | to discern on application. on 3d-printed-eva-arm-
component due to applicatio application. | hopes-to-bring-
s, like low- various n. Often robotics-to-the-
cost robot end uses higher masses.html,
arm, heat performa http://www.makepa
exchanges nce. rtsfast.com/2015/02
etc. /7912/creating-
multi-metal-custom-
heat-exchangers-3d-
printing/
Printing 2 Prototypin | Direct Write, | USA, e.g. | E.g. does not|BtoB |Customis | Conductive |Growing E.g. clean | Espalin, D. etal., 3D-
and g, research | FDM,  SLA, | Voxel8, Friedrich- exist yet, ed inks and energy printing
embedding stage multi3D University  of | Alexander- | emerging products | filaments through multifunctionality:
electronics systems Texas at El| University new structures with
for various Paso, Erlangen- electronics. Int. J.
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Sector

3DP-
Application

Maturity

devices.
(e.g.
batteries,
3D
antennas,
sensors)

Technology

Technolog
y readiness technologies

Main AM-

Geographical
concentration

Global key
playes

Graphene 3D

Lab.
Optomec,
nScrypt

I

Key
European
players
Nuremberg,
Germany,
Bayerisches
Lasercentru
m GmbH,
Germany,
Manchester
Metropolitan
University,
the UK, ...

European supply

chain

Network

Type of Business

market

drivers

Potential

Material
development

Market
expectatio

FINAL REPORT

Socio-
economic
impacts

Source

Adv. Manuf Technol
(214)72, p. 963-978.
http://3dprintingind
ustry.com/2015/07/
24/voxel8-ceo-
jennifer-lewis-on-
how-12m-in-
funding-will-fuel-
the-future-of-
electronics-3d-
printing/,
http://www.graphen
e3dlab.com/s/techn
ology.asp,
http://www.wired.co
.uk/news/archive/20
15-08/10/graphene-
3d-printed-super-
batteries, Hoerber, J.
et al., Approaches
for additive
manufacturing of 3D
electronic
applications.
Procedia CIRP
17(214) p. 806 - 811,
Nielse, B. et; Laser
Sintering of Silver
Ink for Generation of
Embedded Electronic
Circuits in
Stereolithography
Parts. Lasers in
Manufacturing
Conference 2015.

battery
solutions.

Cooling 2
systems
(e.g.
Integratio
n of cooling

Research

SLM

Thales

does not
exist yet,
emerging

BtoB

High-
performa
nce
electronic
s

High
conductive
materials

Growing

New Thales

solutions.
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3DP-
Application

Maturity

Technology

Technolog

Main AM-

y readiness technologies

Geographical
concentration

Global key
playes

Key
European

European supply
chain

Network

Type of Business

market

drivers

Potential

Material
development

Market
expectatio

FINAL REPORT

Socio-
economic
impacts

Source

players
channels,
high-
performan
ce heat
sinks)
Micro- 2 Prototypin | E.g. two | Nanosccribe, | Nanoscribe, |does not|BtoB | Microdevi | Photosensiti | Growing New http://www.alpzhi.c
electronics g photon Germany, Germany exist yet, ces ve materials solutions. | om/#!,
polymerisati | AlpZhi, USA,... emerging http://www.nanoscri
on be.de/en/technology
/additive-
manufacturing/
Consumer |Home 1 Commercia | various e.g. Freedom |e.g. e.g. b-to-c | Design Growing http://www.freedom
life style & | decoration | technologies | of  Creation | Freedom of | various freedom ofcreation.com/colle
fashion (incl. (part of 3D |Creation players ction/products
(inluding Lightning) systems) (part of 3D |with
textiles (e.g. Neitherlands, | systems) Materializ
and furniture, LUXeXcel, Netherlands; | e
creative lightning, Netherlands, | LUXeXcel,
industries) | small .MGX (the | Netherlands;
statues, design division | Raybender,
vases) of Materialise | Denmark;
N.V.), Belgium | KIORO
design, Italy
Consumer |Toys (e.g. 1 commecial | FDM Insanitoy Inc. | e.g. Makielab | Lego b-to-c | series of https://mymakie.co
life style & | figures, Mark Trageser | (UK), one m/,
fashion avatars, (toy designer), | Launzer https://www.launzer
(inluding dolls, us (Finland), .com/ etc.
textiles special Lego, many
and building others
creative blocks)
industries)
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pplication concentration chain )
impacts
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. Technolog =~ Main AM- Global key Type of Business Material :
1EHTSY y readiness technologies playes Egg’ﬁ; iﬂ WS market  drivers  development Bes8siY
Consumer | Textiles, 1-2 Some SLS, FDM,|US: Nervous |NL: Iris van | Luxexcel, |b-to-c |Offering |current: Growing Yap &  Yeong:
life style & | cloths (e.g. experiment | PolyJet System (a | Herpen NL perfectly | polymers, Additive
fashion shoes, S, e.g. design studio), | (fashion (printer tailored | polymer manufacturing of
(inluding bikinis, haute designers (e.g. | designer), provider) clothing. | composites, fashion and jewellery
textiles garments) couture Bradley ACryx (shoe | optics, Yet, Abs, PLA, products: a mini
and garments Rothenberg), |brand); UK: | Philips, haute Flexible PLA, review, many others
creative since early Footprint Tamicare Adidas couture is | Polyamide,
industries) 2010s. Footwear, the | Ltd. (3D | (GE), still hand- | Multi-
Gradually United Nude, | textile Grabher made materials
evolving. Sols; US | technology), | (AT) intensive. | with
Fabric printer BioKnit (shoe different
printers are providers for | brand) hardness
developed. textiles: 3D shore value
Systems  Inc
(Fabricate
application).
Israel also
strong in
design of
clothes  with
3D-printing
elements.
Consumer |Smart 2-3 Under Material IR: b-to-c | better Growing
life style & | textiles research jetting, Ouro_bot performa
fashion (e.g. sport (as 3D- | material ics nce
(inluding textiles, printed). extrution (augment
textiles protective Cases ed
and textiles, based on tissue);
creative smart other SE:
industries) | helmets) technologi Chalmers
es exist. Universit
y of
Technolo
gy (3D-
printing
in
cellulose)
; FI: Aalto
Universit
y & VIT,
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. Socio-
Sector Ap;:::;tion Technology gi‘:g:ﬁ:;f::‘ Europ:;:i:upply Potential e_conomic Source
impacts
: Key . . Market
. Technolog =~ Main AM- Global key Type of Business Material :
il y readiness technologies playes Egg’;fr iﬂ WS market  drivers  development Bes8siY
AT:
Grabher
Group
Consumer |Sport / 1-2 E.g. sport e.g. Nike (with | service b-to-c | Improved
life style & | Leisure shoes by Stratasys) providers performa
fashion (e.g. Nike etc. nce
(inluding rackets,
textiles bikes,
and sporting
creative shoes)
industries)
Consumer | Music 1 Many b-to-c Olaf Diegel etc.
life style & | instrument showcases.
fashion s (e.g. No
(inluding violins, commercial
textiles guitars, ized
and panpipes, products /
creative flutes) no
industries) business
cases / a
few
instrument
s sold (e.g.
by Diegel)
Consumer |Jewellery 1-2 SLM, EBM, |US: American |IT: Nemesi|IR: Mcor |b-to-c | Customis Growing 3D- Yap &  Yeong:
life style &| (e.g. SLA, Binder | Pearl Inc. | (online  3D- | Technolo ation and printing is | Additive
fashion selective Jetting (customers printing gies personali changing | manufacturing of
(inluding laser (ExOne M- | make their | service  for | (paper zation. the fashion and jewellery
textiles melting of Print, M-|own  design | jewellery), based Shorter economics | products: a mini
and precious Flex), DLP|online, KIORO 3D- supply of the | review
creative metals like (EnvisionTEC | company design printers chain. jewellery
industries) |gold and Perfactory), |produces 3D- | (design for Quicker design
silver, SLS printed  wax | studio); jewellery) product market
plastic mould);  SG: | NL(Eindhove | ; developm drastically.
jewellery, Polychemy, n)/US: Heimerle ent.
casted Shapeways |+ Meule
jewellery) (web based | Group
service), (refiner
Dyvsign and
Delft;  UK: | processor

133



FINAL REPORT

. Socio-
Sector A 3PP'. Technology Geograpthal European.supply Potential economic Source
pplication concentration chain )
impacts
: Key . . Market
. Technolog =~ Main AM- Global key Type of Business — Material ]
il y readiness technologies playes E;//r:},/o; iﬂ WS market  drivers  development Bes8siY
Cooksongold | of
, Future | precious
Factories - | metals),
Designer Swarovsk
Lionel T]i
Dean,
Weston
Beamor, FI:
Kalevala
koru
Gas & Oil Oil & Gas Speed of
continuin
g
operation
s can be
more
important
than the
cost of
the
compone
nts
Gas & Oil Prototypin 2 Printed PIG GE (oil and gas B-to-B | Productio Prototyping Sikich 3-D
g (e.g. mock-ups division) n can have printing..
PIGs, accelerate efficiency only limited
valves, production , complex impact
pump of actual structure
component PIGs S,
s) customiz
ation
Gas & Oil Demandin 2 piloting in GE (oil and gas | Siemens oail, B-to-B | complex Reuters - Qil
g parts 2014, division) gas and structure industry
(e.g. metal expected marine s, better
nozzles for production business performa
gas in 2015 nce,
turbines, maintane
electric nce
submersile support
pump) security,
remote

134



FINAL REPORT

. Socio-
Sector A BPP'. Technology Geographlf:al European. supply Potential economic Source
pplication concentration chain )
impacts
: Key . . Market
. Technolog =~ Main AM- Global key Type of Business — Material ]
il y readiness technologies playes Egg’;fr iﬂ WS market  drivers  development Bes8siY
environm
ents

Gas & Oil Parts for 2 Halliburton B-to-B
drilling

Energy Gas 1 In SLM, DED Siemens, Siemens, Siemens, [BtoB |Time New metal | Growing, Material http://www.siemens
turbines: commercial Mikro Alstom (FR), | Materials saving, powders. rather saving, .fi/pool/cc/events/el
prototypin use Systems, Inc. | Material Solutions more narrow and | more pl4/esitykset/navrot
g, (US) Solutions Ltd | Limited energy- specific efficient sky.pdf,
repairing, subcontractor | (UK) (UK), efficient supply energy http://3dprintingind
direct of Siemens Safran solutions. chain production. | ustry.com/2015/08/
manufactu Group acrros 26/siemens-gas-
ring (FR), Europe turbines-to-get-a-

Alstom boost-via-uk-metal-
(FR) 3d-printing-
company/

Energy Solar 2-3 Under Direct Write, | Several Research Does not|BtoB |Saving in|Printing on | Growing Green L. van Dijk et al.,
panels and research Material players groups e.g. | exist manufact | cheap energy. Solar Energy
cells (e.g. Jetting,... starting  the|in Holland uring materials. Materials&Solar Cells
optimized game around costs. 139(2015)1920 -26,
shape) the world Efficiency http://www.energydi

, local gital.com/greentech/

manufact 3793/Could-3D-

uring. Printing-Utterly-
Change-Solar-Panel-
Technology,
http://www.theguar
dian.com/environme
nt/blog/2013/feb/22
/3d-printing-solar-
energy-industry

Energy Wind 2-3 Under Depends on | Different E.g. an | Does not |Bto B |Depends |Depends on Green G. Scotti et al., Laser
power, research the research European exist on the|the energy. Additive
hydro application groups around | project, led applicatio | application. Manufacturing of
power, the world by Nuclear n. Stainless Steel Micro
nucler AMRC in the Fuel Cells, Journal of
power, UK, going Power Sources 272
fusion on in AM for (2014) 356-361; M.
power, fuel nuclear Takagi et al, 3D-
cells,... components; prined Pelton

135


http://www.siemens.fi/pool/cc/events/elp14/esitykset/navrotsky.pdf
http://www.siemens.fi/pool/cc/events/elp14/esitykset/navrotsky.pdf
http://www.siemens.fi/pool/cc/events/elp14/esitykset/navrotsky.pdf
http://www.siemens.fi/pool/cc/events/elp14/esitykset/navrotsky.pdf
http://www.siemens.fi/pool/cc/events/elp14/esitykset/navrotsky.pdf
http://www.siemens.fi/pool/cc/events/elp14/esitykset/navrotsky.pdf
http://www.siemens.fi/pool/cc/events/elp14/esitykset/navrotsky.pdf
http://www.siemens.fi/pool/cc/events/elp14/esitykset/navrotsky.pdf
http://www.siemens.fi/pool/cc/events/elp14/esitykset/navrotsky.pdf
http://www.siemens.fi/pool/cc/events/elp14/esitykset/navrotsky.pdf
http://www.siemens.fi/pool/cc/events/elp14/esitykset/navrotsky.pdf
http://www.energydigital.com/greentech/3793/Could-3D-Printing-Utterly-Change-Solar-Panel-Technology,%20L.%20van%20Dijk%20et%20al.,%20Solar%20Energy%20Materials&Solar%20Cells%20139(2015)1920%20–26
http://www.energydigital.com/greentech/3793/Could-3D-Printing-Utterly-Change-Solar-Panel-Technology,%20L.%20van%20Dijk%20et%20al.,%20Solar%20Energy%20Materials&Solar%20Cells%20139(2015)1920%20–26
http://www.energydigital.com/greentech/3793/Could-3D-Printing-Utterly-Change-Solar-Panel-Technology,%20L.%20van%20Dijk%20et%20al.,%20Solar%20Energy%20Materials&Solar%20Cells%20139(2015)1920%20–26
http://www.energydigital.com/greentech/3793/Could-3D-Printing-Utterly-Change-Solar-Panel-Technology,%20L.%20van%20Dijk%20et%20al.,%20Solar%20Energy%20Materials&Solar%20Cells%20139(2015)1920%20–26
http://www.energydigital.com/greentech/3793/Could-3D-Printing-Utterly-Change-Solar-Panel-Technology,%20L.%20van%20Dijk%20et%20al.,%20Solar%20Energy%20Materials&Solar%20Cells%20139(2015)1920%20–26
http://www.energydigital.com/greentech/3793/Could-3D-Printing-Utterly-Change-Solar-Panel-Technology,%20L.%20van%20Dijk%20et%20al.,%20Solar%20Energy%20Materials&Solar%20Cells%20139(2015)1920%20–26
http://www.energydigital.com/greentech/3793/Could-3D-Printing-Utterly-Change-Solar-Panel-Technology,%20L.%20van%20Dijk%20et%20al.,%20Solar%20Energy%20Materials&Solar%20Cells%20139(2015)1920%20–26
http://www.energydigital.com/greentech/3793/Could-3D-Printing-Utterly-Change-Solar-Panel-Technology,%20L.%20van%20Dijk%20et%20al.,%20Solar%20Energy%20Materials&Solar%20Cells%20139(2015)1920%20–26
http://www.energydigital.com/greentech/3793/Could-3D-Printing-Utterly-Change-Solar-Panel-Technology,%20L.%20van%20Dijk%20et%20al.,%20Solar%20Energy%20Materials&Solar%20Cells%20139(2015)1920%20–26
http://www.energydigital.com/greentech/3793/Could-3D-Printing-Utterly-Change-Solar-Panel-Technology,%20L.%20van%20Dijk%20et%20al.,%20Solar%20Energy%20Materials&Solar%20Cells%20139(2015)1920%20–26
http://www.energydigital.com/greentech/3793/Could-3D-Printing-Utterly-Change-Solar-Panel-Technology,%20L.%20van%20Dijk%20et%20al.,%20Solar%20Energy%20Materials&Solar%20Cells%20139(2015)1920%20–26
http://www.energydigital.com/greentech/3793/Could-3D-Printing-Utterly-Change-Solar-Panel-Technology,%20L.%20van%20Dijk%20et%20al.,%20Solar%20Energy%20Materials&Solar%20Cells%20139(2015)1920%20–26
http://www.energydigital.com/greentech/3793/Could-3D-Printing-Utterly-Change-Solar-Panel-Technology,%20L.%20van%20Dijk%20et%20al.,%20Solar%20Energy%20Materials&Solar%20Cells%20139(2015)1920%20–26
http://www.energydigital.com/greentech/3793/Could-3D-Printing-Utterly-Change-Solar-Panel-Technology,%20L.%20van%20Dijk%20et%20al.,%20Solar%20Energy%20Materials&Solar%20Cells%20139(2015)1920%20–26
http://www.energydigital.com/greentech/3793/Could-3D-Printing-Utterly-Change-Solar-Panel-Technology,%20L.%20van%20Dijk%20et%20al.,%20Solar%20Energy%20Materials&Solar%20Cells%20139(2015)1920%20–26

FINAL REPORT

. Socio-
Sector A 3PP'. Technology Geograpthal European.supply Potential economic Source
pplication concentration chain )
impacts
: Key . . Market
. Technolog =~ Main AM- Global key Type of Business — Material ]
il y readiness technologies playes E;//r:},/oei iﬂ WS market  drivers  development Bes8siY
AT: Tegra turbine: how to
Gmbh and produce  effective
Grabher- technology  linked
Group are with global
producing knowledge. Energy
textile Procedia 61 (2014)
electrodes 1593 - 1596; V.
for fuell cells Queral, 3D-printed
fusion  component
concepts and

validation for the
UST.2 stellarator,
Journal of Physics:
Conference  Series
591 (2015) 012015;
http://www.material
stoday.com/metal-
industry/news/uk-
nuclear-industry-
investigates-pm-
techniques/

Constructi | Affodable 2 under Exstrution WinSun Fimatec IT: WASP Costs Growing, Perrot et. al.
on houses research /| type printing | (China), RMIT | (Finland), (World large (France)
(based on demonstrat Institute of | DUS Advanced supply
automatisa ion Technology Architects Saving chains are
-tion, (Australia), (NL); Project) affected
redundanc University  of | Dshape - | creation across
y of Southern Monolite Ltd |of  the Europe
formworks California, (UK) world’s
) Zhuoda Group largest
(China), Delta 3D-
entrepreneur printer.
Lewis Yakich AT: Lukas
(3D-printed Lang
homes in Building
Philippines) Technolo
gies and
REHAU
AG

136



Sector

3DP-
Application

Technology

Geographical
concentration

European supply
chain

Socio-
economic
impacts

Potential

FINAL REPORT

Source

Maturity Techng/og Main AM'— Global key Eur/gé/z; an  Network Type of Bu.s'_/'ness Material E;ZZZZ:;O
y readiness technologies playes players market  drivers  development
Constructi | On-the- 2 under Exstrution WinSun University of Time University of Nantes
on spot research /| type printing | (China) Nantes
emergency demonstrat (France) in
shelters ion conjunction
with
CAPACITES
SAS
Constructi | Architectur 2 under Exstrution DUS architects Estethics
on al research /| type printing | (3D-print (time and
flexibility demonstrat Canal House), cost)
(e.g. ion Neitherlands
pillars,
shape of
house)

Constructi | Printed 2 under DED type Skanska (t&),
on bridges research /| printing Nottingham/Lougbor
and other demonstrat ough
similar ion

application
s

137



Sector

3DP-
Application

Maturity

Technology

Technolog =~ Main AM-
y readiness technologies

Geographical
concentration

Global key
playes

Key
European
players

European supply
chain

Network market

Type of Business

drivers

Potential

Material
development

Market
expectatio

Socio-
economic
impacts

FINAL REPORT

Source

Military Spare parts 1-2 Testing, us Army, | British Army |E.g. BAE|BtoB |Logistics. | Depends on | Growing The http://www.3ders.or
(mobile first cases. Chinese Army, Systems Quality the technology | g/articles/20140105-
factories, and RAF and application developed | uk-tornado-fighter-
fighters, speed of can be | jets-fly-with-3d-
printers on maintena used also | printed-parts-for-
ships,..) nce. in  civilian | the-first-time.html,

Money application | http://www.wired.co

savings. s. .uk/news/archive/20
15-02/09/mod-
future-of-army-
technology,
http://www.ushi.org
magazines/proceedi
ngs/2013-04/print-
me-cruiser,
http://uk.businessin
sider.com/afp-how-
3d-printing-could-
revolutionise-war-
and-foreign-policy-
2015-
1?r=US#ixzz3eXum
1HW5

Military Temporary 2 Testing Us Army Does not | Does not Shelters | Concrete, Growing Also for | Horowitz. M.C.
housing exist exist in remote | etc. humanitari | (2014) Coming next

areas an in  military tech.
operations | Bulletin of the atomic
and Scientists. Vol.
disaster 70(1), pp. 54-62.
relief.

Military Field 2-3 Testing US Army Does not | Does not Fast Depends on | Growing Also for | http://www.3dprinte
hospitals exist exist. treatmen | the civilians. rworld.com/article/w

t on spot | application ake-forest-3d-prints-
of skin-cells-burn-
demand wounds,
(printing http://qz.com/14523
implants, 7/3-ways-3-d-
healing printing-could-
burn revolutionize-
healthcare-2/

138


http://www.3ders.org/articles/20140105-uk-tornado-fighter-jets-fly-with-3d-printed-parts-for-the-first-time.html
http://www.3ders.org/articles/20140105-uk-tornado-fighter-jets-fly-with-3d-printed-parts-for-the-first-time.html
http://www.3ders.org/articles/20140105-uk-tornado-fighter-jets-fly-with-3d-printed-parts-for-the-first-time.html
http://www.3ders.org/articles/20140105-uk-tornado-fighter-jets-fly-with-3d-printed-parts-for-the-first-time.html
http://www.3ders.org/articles/20140105-uk-tornado-fighter-jets-fly-with-3d-printed-parts-for-the-first-time.html
http://www.3ders.org/articles/20140105-uk-tornado-fighter-jets-fly-with-3d-printed-parts-for-the-first-time.html
http://www.3ders.org/articles/20140105-uk-tornado-fighter-jets-fly-with-3d-printed-parts-for-the-first-time.html
http://www.3ders.org/articles/20140105-uk-tornado-fighter-jets-fly-with-3d-printed-parts-for-the-first-time.html
http://www.3ders.org/articles/20140105-uk-tornado-fighter-jets-fly-with-3d-printed-parts-for-the-first-time.html
http://www.3ders.org/articles/20140105-uk-tornado-fighter-jets-fly-with-3d-printed-parts-for-the-first-time.html
http://www.3ders.org/articles/20140105-uk-tornado-fighter-jets-fly-with-3d-printed-parts-for-the-first-time.html
http://www.3ders.org/articles/20140105-uk-tornado-fighter-jets-fly-with-3d-printed-parts-for-the-first-time.html
http://www.3ders.org/articles/20140105-uk-tornado-fighter-jets-fly-with-3d-printed-parts-for-the-first-time.html
http://www.3ders.org/articles/20140105-uk-tornado-fighter-jets-fly-with-3d-printed-parts-for-the-first-time.html
http://www.3ders.org/articles/20140105-uk-tornado-fighter-jets-fly-with-3d-printed-parts-for-the-first-time.html
http://www.3ders.org/articles/20140105-uk-tornado-fighter-jets-fly-with-3d-printed-parts-for-the-first-time.html
http://www.3ders.org/articles/20140105-uk-tornado-fighter-jets-fly-with-3d-printed-parts-for-the-first-time.html
http://www.3ders.org/articles/20140105-uk-tornado-fighter-jets-fly-with-3d-printed-parts-for-the-first-time.html
http://www.3ders.org/articles/20140105-uk-tornado-fighter-jets-fly-with-3d-printed-parts-for-the-first-time.html
http://www.3ders.org/articles/20140105-uk-tornado-fighter-jets-fly-with-3d-printed-parts-for-the-first-time.html
http://www.3ders.org/articles/20140105-uk-tornado-fighter-jets-fly-with-3d-printed-parts-for-the-first-time.html
http://www.3ders.org/articles/20140105-uk-tornado-fighter-jets-fly-with-3d-printed-parts-for-the-first-time.html
http://www.3ders.org/articles/20140105-uk-tornado-fighter-jets-fly-with-3d-printed-parts-for-the-first-time.html

FINAL REPORT

. Socio-
Sector A 3PP'. Technology Geograpthal European.supply Potential economic Source
pplication concentration chain )
impacts
: Key . . Market
. Technolog =~ Main AM- Global key Type of Business Material :
il y readiness technologies playes Egg’}'/oei iﬂ WS market  drivers  development Bes8siY
wounds,..
)
Military Personaliz 2 under Have not
ed research / been
dashboard demonstrat recognise
and ion d
controls
Military special 2 under Have not http://www.wired.co
equipment research / been m/2013/04/3d-
s demonstrat recognise printed-navy/
ion d
Military spare parts 2 under Have not http://3dprintingind
research / been ustry.com/2015/07/
demonstrat recognise 08/3d-printing-
ion d sought-to-improve-
spare-parts-
manufacturing-for-
marine-industry/,
http://gcaptain.com/
printing-change-
world/#.VdXSke8w9
aQ
Military Engine 3 under Have not
parts research / been
demonstrat recognise
ion d
Military customized 2 under Have not
cabins research / been
demonstrat recognise
ion d
Food Personaliz 1 First Mainly 3D systems e.g. Biozoon |Have not customiz many sources
industry ed food - commercial | exstrution been ation and
shape application | type printing recognise personali
(chocolate s available d zation
printer) (e.g.
chocolate
printer
etc.)

139



Sector

3DP-
Application

Maturity

Technology

Technolog

y readiness technologies

Main AM-

Geographical
concentration

Global key
playes

Key
European
players

Socio-
economic
impacts

European supply

. Potential
chain

Market

Material .
expectatio

development

Type of Business

Weavoric market  drivers

FINAL REPORT

Source

Food Food for 3 under Mainly NASA, us Have not remote http://www.scienced
industry remote research exstrution army been operation aily.com/releases/20
locations type printing recognise s 15/07/15071314411
(e.g. food d 8.htm
in space,
food in
battlefield)
Food Personaliz 2 demonstrat | Mainly 3D Systems | e.g. Biozoon, | 3D personali Growing, http://3dprintingind
industry ed food - ion and | exstrution (US) produces | Print2Taste | Ventures zation, has an ustry.com/2015/04/
incredients first type printing | food printers | Bocusini (UK); mass impact also 24/print2taste-
, structure, commercial (Germany), customiz on many emerges-with-the-
flavour use TNO ation small firms bocusini-food-3d-
(e.g. (Research) printer/,
personaliz Neitherlands http://www.thewire.
ed diet, , the Foodini com/technology/201
improved by  Natural 4/05/3d-printed-
flavour by Machines food-actually-looks-
improved (ES), Nestle and-tastes-pretty-
stucture) (CH) , the delicious/371863/
Choc Creator
by Choc
Edge (UK),
MELT
icepops
(NL), The
Magic Candy
Factory (DE)
Movies 1 Used for e.g.: Legacy |UK b-to-b | Lower TNO projects
creating Effects (animation) costs and
special (Hollywood faster
effects in special effects processes
movies, studio), US (e.g. in
costume prototypi
design, etc. ng).
Animations
. Broadly in
use.
Games - 3D Materialise, https://i.materialise
CAD and Altair, etc. .com/
3D file

140



Sector

3DP-
Application

Maturity

Technology

Technolog

y readiness technologies

Main AM-

Geographical
concentration

Global key
playes

Key
European

European supply Potential
chain

Type of Business Material

LS market  drivers

development

Market
expectatio

FINAL REPORT

Source

players
manipulati
on
software
Optics Led lights 2 Used in | stereolithogr | Formlabs, a | LUXeXcel, Philips, b-to-b Poly(methyl |extend to
LED aphy (SLA), | 3D-printer Netherlands | OSRAM in methacrylate | consumer
lighting multi-jet company in cooperati ) (PMMA) a | market
industry modeling Somerville, on with transparent | spectacular
mainly (MIM) and | Mass., LuXeXcel thermoplasti |s, 3D-
PolyJet (from | developed a C, Optical | printed
Stratasys, unique way to liquid “light
Eden Prairie, | polish their silicone pipes” that
Minn.) 3D-printed rubber (LSR) | enable
lenses. constructio
n of unique
display
surfaces,
novel
illumination
techniques,
custom
optical
sensors
and
embedded
optoelectro
nic
component
S.
Optics fiber optic http://3dprintingind
cables ustry.com/2015/08/
20/breakthrough-
glass-3d-printing-
platform-unveiled-
by-neri-oxman-
mit/?utm_source=3
D+Printing+Industry
+Update&utm_medi
um=email&utm_ca
mpaign=cfd636340c

141



FINAL REPORT

Socio-
Potential economic Source
impacts

3DP-
Sector Application Technology

Geographical European supply
concentration chain

Market
expectatio

Key
European Network
players

Technolog =~ Main AM- Global key
y readiness technologies playes

Type of Business Material

Maturity market — drivers = development

RSS_EMAIL_CAMPAI
GN&utm_term=0_6
95d5c73dc-
cfd636340c-
64521293

Optics lightning

Source: IDEA Consult, AIT and VTT, 2015

142



4/ Case studies

4.1 Introduction to the case studies

4.1.1 Context: re-positioning the case studies in the project

The first sections of the report focused on the identification of the most important future applications in 3D-
Printing337, considering the applications at post-prototyping level (> TRL5) with a potential market deployment
within the 3 to 5 years. The identification of these key applications relied on a wide set of mutually-reinforcing
analyses such as patent data analysis, bibliometric analysis, FP-funded projects’ analysis, or literature review. A
large set of 65 key applications were identified and ranked according to their technological maturity and market
potential. This first part of the report led to the selection of the top-ten most promising 3DP-applications. This
section depicts the process followed to select the cases in order to get from the long-list of 65 applications to the
short list of 10. The selection process consisted in three main blocks:
1. Profiling of the regions in terms of several criteria, including specialization;
2. Selecting and positioning regions in terms of their regional profile and their link to one of the 10
applications;
3. Selecting the ten cases, a case being a combination of an application are and a set of pre-identified regions
to remain indicative33,

The case study selection was based on the positioning of EU-regions based on their expected capabilities, needs
and ambitions in 3DP (based on the analysis of their regional specialization profiles and smart specialization
strategies). As a result, 10 application areas were selected to be further researched during Task 2. By the research
consortium. These application areas were selected in close collaboration with the European Commission and are
presented in Section 4.1.2.3. For each application, the case studies to be implemented in two steps to allow:

> Re-constructing the value chain(s) segment by segment by identifying key players (companies, research
and technology organisations, clusters etc.) and their activities;

> Identifying missing competencies in the regions considered and opportunities for joint activities between
them.

After the selection of the 10 application-driven value chains to be further investigated, each case study was
conducted by using a combination of desk research and semi-structured interviews. The case study process was
framed by the use of a case study protocol depicting every aspect of the process, topics to be discussed, analysis
and reporting modalities. The value chain analyses were completed by an identification of barriers to the uptake
and deployment of Additive Manufacturing together with related policy implications.

4.1.2 Methodology to profile, select and position the regions

4.1.2.1 Selection and positioning the regions

Parallel to the identification of the application domains, we started an exercise to describe and select key regions
to be combined with sector-application areas in order to constitute cases to be studied in depth. Our team
proceeded to a step-by-step approach to identify the main economic domains & niches in approximately 70 regions,
in order to link them to the defined application domains. First, a long-list of regions was established by the team.
These regions were listed in function of the on-line information available on their socio-economic structure.
Therefore, a list of 70 regions covering the whole EU28 was put together by the consortium. We kept the right
geographical coverage, and also paid attention to the balance between lead and less advanced regions in specific
countries. This with the aim to identify both regions with supply capacities and demand opportunities for 3D
applications.

In order to step further, the team gathered relevant information available on the web to categorise each of the
regions already listed. The team identified what position the region held in terms of 3D-Printing positioning (existing
capacity / demand potential / combination of both) and thematic structure. Then, further information was collected
in order to inform the analytical table with the five top economic sectors or socio-technical areas for each region
available.

337 As agreed before we consider ‘Additive Manufacturing’ (AM) and ‘3D-Printing’ (3DP) as synonims.
338 The value chain analysis for each of the application case was indeed to lead to a more accurate identification of regional
capabilities for each of the selected applications.
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A grid was used to guide the information collection process. This grid established four main categories of information
to be gathered for each region:

1. Regional Structure — First Scan

This section was providing information on the regional structure: dominating sectors and industrial structure were
among the main points looked at together with existing knowledge capacity. This provided a first overview on the
regional structure and provided the team with first possibilities to acknowledge current or potential sector-
application areas.

2. 3DP Capacity — First Scan

The data collection for this section was dedicated to the 3D-Printing capacities of each region. It was to be
discovered for each region whether it held a position of Supplier, (potential) Demander, and/or both combined. Of
course, all regions have a potential of demand by nature. But the purpose of this section was mainly to spot regions
with existing capacity, whether early or late on the TRL scale.

3. Strategy — Development targets

Another aspect lied in regional economic development strategies and, since more recently, Smart Specialisation
Strategies. The key development areas selected by a region can inform about possible future developments but
also existing strengths of the region. Cross-checking the Specialisation Areas and priorities in relevant S3 allowed
relating demand and supply potential for some of the regions with clear and well-defined priorities. Beyond the
Vanguard regions for instance, one of the regions mentioned 3DP as part of the potential development sectors for
its software industry.

4. Regional Specialisation — Current specialisation patterns

Mainly based on data from the Cluster Observatory completed by RIM-Plus reports on advanced manufacturing,
this section was at the core of the search. We listed for each region the top-five sectors in terms of 1) Employment
and 2) Regional specialisation. Additional information on advanced manufacturing was here added. 3DP clusters
were also to be listed here -although not many were listed- as well as information on possible sector-application
areas with potential for 3DP. For instance, projects relating to advanced manufacturing and sometimes 3DP could
be identified.

Some balance in terms of the geographical location of the regions was sought as to foster an optimal coverage of
the EU-28 area. In order to counter-balance for the weight of the Vanguard-regions (mainly Western-European),
the team paid particular attention to Eastern-European regions. The information was collected from a number of
sources. After a first round of 5 pilot regions, the team decided to re-shuffle the priority order of the available
sources as to make use of three primary sources completed by additional sources. The table below (Table 24)
highlights which sources were used in which order.
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Table 24: Information Sourcing - Overview

_______Name __________________ ______Link_______________|

Primary Sources

The Smart Specialisation
Platform or the “Eye@S23 Tool”
of the IPTS

Link:
http.//s3platform.jrc.ec.europa.eu/home

and http.//s3platform.jrc.ec.europa.eu/map

Regional Innovation Monitor
Plus

Link:
https.//ec.europa.eu/growth/tools-databases/regional-innovation-monitor,

Reports and indicators from

Link:

the Cluster Observatory http.//www.clusterobservatory.eu
Secondary Sources
ERAWATCH Link:
http.//erawatch. jrc. ec.europa.eu/erawatch/opencms/information/reports/r
eq_level/?country=-1
EUROSTAT data Link:

http.//ec.europa.eu/eurostat/statistics-

explained/index.php/Structural _business_statistics at_regional level

Web-based sources (used in a
very occasional fashion):

> Official websites from the regional governments under the scope
> EU Service Innovation Scoreboard
. Link: http://ec.europa.eu/growth/tools-

databases/esic/scoreboard/esis-database/index en.htm
> OECD reports on Regional Innovation Policy and the OECD
Innovation Policy Platform
> National Statistics Offices
> Intermediary sources (EU or sub-EU platforms as well as
federations and similar intermediates)

Source: IDEA Consult, 2015

As a result, a classification table highlighting the dominant sectors for each region as well as the other items
mentioned above33*® was produced. A synthesis was operated through pivot tables in order to cluster the regions in
function of the sectors they prioritised in first to fifth position. When brought altogether, the sectors that appeared
to be of main importance for the EU regions under the scope were ranked in function of the number of regions to
which they were associated. These sectors and related ranking are the following (see ):

339 1. Regional Structure — First Scan; 2. 3DP Capacity — First Scan; 3. Strategy — Development targets; and 4. Regional
Specialisation — Current specialisation patterns
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Figure 30: Regional prioritisation - Sectoral overview

Number of regions having prioritized each sector
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The sectors were prioritised in function of the number of regions they were associated to. A first clustering of the
regions per sector was conducted by the team. In addition to the sectoral clustering, a colour code was given to
“areas” bringing together sectors with connections and/or similarities. In total, 40 sectors were listed and associated

to one or more region(s).

146



I=JECRCREINGIRCH) -~ L)

12.

13.
14.
15.

16.
17.
18.

19.

20.

25.
26.
27.

28.
29.
30.

FINAL REPORT

Agro-food: Groningen, Helsinki-Uusimaa region, Lithuania (instead of only Aukstaitija and Samogitia for
which no public information seems to be available), Lubelskie, Malopolskie, Midi-Pyrénées, North-Vest,
Region of Thessalia, Severoiztochen, Southern and Eastern Ireland, Southern Denmark Region,

Yugoiztochen

Processed food: Burgenland, Kujawsko-Pomorskie, Lower Austria, Podlaskie, Voivodship, Region of
Thessalia

Tobacco: Groningen, Region of Thessalia

Agricultural products: Region of Thessalia

Textiles: "Croatia proper", Lubelskie, Malopolskie, Marche, North east, North-Vest, Yugoiztochen,
Leather products: Centre, "Croatia proper", Lisbon, Rhone-Alpes, Severoiztochen

Apparel: Centre, "Croatia proper", Kujawsko-Pomorskie, Yugoiztochen

Footwear: Centre, Stredni Morava

Sporting, recreational and children's goods: Stredni Morava

Tourism and hospitality: Border, Midland and Western, Helsinki-Uusimaa region, North east,
Severoiztochen

. Services: Utrecht, Dolnoslaskie, Helsinki-Uusimaa region, Ile-de-France, Lancashire / North West

England, Lithuania (instead of only Aukstaitija and Samogitia for which no public information seems to be
available), Marche, Midi-Pyrénées, Southern and Eastern Ireland

ICT: Utrecht, Border, Midland and Western, Dolnoslaskie, Helsinki-Uusimaa region, North east, North-
Vest, Prague/Praha, Severoiztochen

Business services: Utrecht, Corse, Lancashire / North West England, Lisbon

Media and publishing: Lisbon, Prague/Praha

Telecom: Lithuania (instead of only Aukstaitija and Samogitia for which no public information seems to
be available), Prague/Praha

Entertainment: Corse, Ile-de-France

Financial services: Utrecht, Corse

Health: Utrecht, Helsinki-Uusimaa region, Midi-Pyrénées, North east, Northern Ireland, Southern
Denmark Region

Pharmaceutical: Border, Midland and Western, Central Hungary, Midi-Pyrénées, Prague/Praha, Rhone-
Alpes

Medical devices/medtech: Border, Midland and Western, Rhone-Alpes, Southern and Eastern Ireland

Heavy Machinery: Central Hungary, Marche, Podkarpackie, Podlaskie Voivodship, Yugoiztochen
Transport: Dolnoslaskie, North-Vest, Southern and Eastern Ireland

Transportation and logistics: Central Hungary, Ile-de-France, Lisbon, Lithuania (instead of only
Aukstaitija and Samogitia for which no public information seems to be available), Southern Denmark
Region

Aerospace: Ile-de-France, Lancashire / North West England, Midi-Pyrénées, Podkarpackie
Automotive: Dolnoslaskie, Lancashire / North West England, Podkarpackie

Maritime/offshore: Podlaskie Voivodship, Yugoiztochen

. Chemistry and materials: Bratislava Region, Malopolskie, Rhdne-Alpes, Severoiztochen
. Materials: Bratislava Region, Malopolskie, Northern Ireland, Stredni Morava
. Plastics: Bratislava Region, Kujawsko-Pomorskie, Podkarpackie

. Metal manufacturing: Lower Austria, Marche
. Paper products: Kujawsko-Pomorskie, Marche
. Jewellery and precious metal: Groningen

. Distribution: Lisbon

. Equipment: Lower Austria

147



4.1.2.2 Selection of the ten cases: the thematic perspective

Goals: After completing the SAM and the regional selection grid, the workshop focused on matching the two in
order to:

1. Select the most relevant 3DP applications to consider for the case studies;

2. Allocate regions to these application areas;

3. Eventually, validate the resulting combinations as cases to be further investigated during the next steps
of the project.

4. Establish a long list of cases from which ten case-studies will be finally selected.

Approach: a one-day workshop with two main sessions was organised in the form of a protocolled focus group.
Both main sessions gathered the consortium partners (including CECIMO) as well as a representative from the
Institute of Prospective and Technological Studies (IPTS). The process followed the structure presented below:

Morning session — Prioritisation and selection of the key applications
1. Introduction by the team leader
a. Attendance, project status, debrief from previous client telco and objectives of the session
2. Presentation of the SAM by consortium partners
a. Process followed
b. Results
c. Issues and challenges
3. Tour de table — first comments from the participants on the SAM
4. Rows and columns at stake: comments on specific items
Structure of the grid
The sectoral divide
The applications
Content
Structure of the grid
The sectoral divide
The applications
h. Content
5. Listing of the points of attention and Validation of the final SAM
6. Wrap-up of the session by the team leader

@mpa0 T

After the introduction of the session and the presentation of the SAM by team members, a discussion followed
on the scope of the sector-application areas, resulting in the validation of the structure and content of the grid
with few amendments. It was decided to add additional examples to the SAM in order to better illustrate the
areas under the scope.

The team performed a prioritisation exercise under the guidance of the project leader: for each sector, one or
more relevant applications presenting a maximum potential were selected and retained in view of the second
workshop session.

Starting from the long list of 65 3DP applications identified under the previous tasks (see results under task 1.6,
we ranked and prioritised the applications according to the following key criteria:

1. Technology Maturity was used as first selection criterion. Following the rationale of the study, which
aims at considering close-to-market application areas in the first place, the team identified the
applications with a maturity level higher than 2 in order to filter them and only keep application areas
with a maturity level equivalent or lower than 2.

2. A second criterion was the presence of a minimal critical mass of European players (suppliers)
recognised. All applications with no or too few players (at least 3 key European players) were left
aside.

3. The presence of at least one existing supply chain recognised was made third criterion for the
selection of applications. All remaining applications that passed the first two criteria but did not
present a recognised existing supply chain were not selected.

4.  Finally, market expectations were used as final filter. Only applications with the largest expectations
would be selected. It was assumed here that increasing market expectations would follow the order
presented below:

a. Prototyping = Limited expectations
b. Tools and jigs = Moderate expectations
c. Final functional part production = largest expectations
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Each criterion was used as a filter: every application area that would not match the expectations of a filter would
be dropped from the selection. Therefore, the selection of applications followed four “filtering” rounds:

#28
#19
#16

Using these criteria, we prioritised the applications and selected 16 key 3DP-applications for further research.
The list is shown below in Table 25.

— Applying 4 Criteria, in sequence, to the initial long list of 66 3DP-
Applications:

1. Technology Maturity: rejecting score >2 (1=partial market deployment
(TRL9); 2=demonstration (TRL6-8); 3=prototyping or pre-prototyping
(TRLS or lower)

2. Minimal critical mass of European players: rejecting applications with
no or too few players (at least 3 key European players)

3. At least one existing supply chain recognised. All remaining
applications that passed the first two criteria but did not present a
recognised existing supply chain were not selected.

4. Market expectations. Only applications with the largest expectations. It
was assumed here that increasing market expectations would follow
the order presented below:

* Prototyping = Limited expectations
* Tools and jigs = Moderate expectations

u * Final functional part production = largest expectations

Afternoon Session — Allocation of the regions to the 16 selected applications
1. Introduction by the team leader
a. Attendance and objectives of the session
2. Presentation of the regional grid by the team leader
b. Process followed
c. Results
d. Issues and challenges
Tour de table — Comments on the grid and relevant adjustments/complements
3. Discussion on the regions to be selected — ROUND 1
a. Open Question: are there regions that are missing in the grid and should be added to the list?
b. Open question: is there information in the grid that is missing or incorrect?
c. Scoping question: what are the main clusters we should prioritise (aerospace? Etc.)?
4. Discussion on the regions to be selected — ROUND 2
a. Selection question: which are the less relevant regions we could leave aside?
b. What are the regions corresponding to each of the main clusters (10 clusters in total)
c. Validation of the 25 candidate regions (+ 5 optional regions) for each of the 10 clusters (to
become case studies)
5. Conclusion of the workshop and presentation of the uptake of its results and next steps

N
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The second session was aimed at allocating relevant regions to the selected applications, based on the
preparatory work presented in TASK 1.6 (see section 4.1.2.1). The preparatory work produced an overview of
more than 70 regions, each positioned according to its specialisation structure (industrial specialisation) and
regional strategy. Both these aspects were analysed at regional level and each region was positioned against its
3DP-capabilities and/or potential absorptive capacity.

For instance, a region with an industrial texture skewed towards the automotive sector, with a regional ambition
in ‘Advanced Manufacturing’ in its innovation strategy, and with the presence of a cluster organisation with some
activities in Additive Manufacturing (e.g. Lower Austria) may have at least the capacity and the interest to absorb
and integrate new 3DP applications related to the automotive sector (if not the potential to develop them itself).
The same reasoning was followed for all 70 regions.

However, it should be borne in mind that this allocation is merely based on public and codified sources, leaving
room to some further evolution when the case-studies will be actually launched. The criteria used for the
allocation were:

1. Relevant industrial activity in the field (or in a related field);

2. Critical mass, assessed through the presence of key (significant) industrial players in the region34
(either as supplier of 3DP applications (technology developer) or as potential lead-user) ;

3. A potential leading role in terms of the segments of the value chain missing (upward/downward
segments).

The results of the workshop sessions included the following:

> A completed and refined SAM;

> A prioritised list of applications to be considered as field cases in the form of a long-list of applications;

> A grid integrating the long-list of 16 applications and the regions from the regional grid according to the
criteria described in the boxes above.

The resulting long-list of 16 combinations between application areas and regions is described below (see Table 25).
By the next step of the project, the team will study in-depth 10 cases out of the list of 16 short-listed region-
application combinations.

340 Notice here that although the team used indicators such as employment and specialization indices for each of the regions
under the scope, the presence of key (leading) players might sometimes not impact the specialization pattern of a region.
Therefore, the sectoral specialization of a region might not translate its real 3DP strength and/or position along relevant
value chain(s).
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Table 25: Overview of the selected key Sector-Application areas and regions (long-list of cases)

Technology

Maturity

Geographical Concentration

Global key players

Key European players

European Supply Chain

Network

Potential

Market expectation

FINAL REPORT

Regions

Structural parts General Electric AvioAero by GE Airbus and its suppliers, Growing Aragon, Lombardy, South Holland,
for airplanes, (GE Aviation / Aviation (Turin/Milan), | Graphite Additive Upper Austria, Wallonia, Midi-
especially Morris Rolls Royce, BAE Manufacturing (UK), Avio Pyrénées, Piemonte, Campania,
engines (e.g. Technologies), Systems, Snecma (FR) | (Italy), Arcam (Sweden) Ile-de-France, Lancashire, North
turbine blades, SNECMA, Hamilton | ... West England, East Midlands,
fuel nozzles) Sundstrand, Podkarpackie, Hampshire
Boeing, Honeywell
International Inc.,
Lockheed Martin,...
CFM International
(joint venture of
GE & Snecma),
Amaero (Australia)
Component 1-2 Sciaky, Optomec, | Trumpf-Sisma, E.g. Rolls-Royce Deutschland, | Growing Aragon, Lombardy, South Holland,
repairing, based Lockheed Martin, Fraunhofer ILT, Fraunhofer ILT; Zortrax, Poland Upper Austria, Wallonia, Midi-
on directed Hermle (Germany), (3D-printer manufacturer) Pyrénées, Piemonte, Campania,
energy deposition Wojskowe Zaktady Ile-de-France, Lancashire, North
and hybrid Lotnicze Nr 2 (Polish West England, East Midlands,
technologies (e.g. aircraft repair Podkarpackie, Hampshire
aircraft engine company), UK Space
compressor Agency, Airbus...
components,
blisks (intergrally
bladed rotors),
airfoils)
Personalized car 1-2 e.g. BMW. Several | BMW, Ai Design e.g. BMW using stratasys Growing Baden-Wurtemberg, Aragon,
interiors (e.g. Chinese companies | (customized car technology, EOS, Additive Cataluna, Emilia-Romagna,
dashboard) and (e.g. Shanghai manufacturer); Italy: | manuf. Services: CRP Group, Lombardy, Norte, Saxony, Slovakia
exteriors (e.g. Dragon Automot Ferrari, Lamborghini, | Skorpion, Energy Group and (Bratislava), Bavaria, Piemonte,
wing mirrors and Technol Co Ltd) Agusta, Ducati; Proto Service Thuringia, Dolnoslaskie,
other non- Mercedes, Podkarpackie, North/West England,
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Technology

Maturity

Geographical Concentration

Global key players

Key European players

European Supply Chain

Network

Potential

Market expectation

FINAL REPORT

Regions

sturctural have wide patent Castilla, Gothenburg,
components) portfolio Vasterg6tland, Nord Pas de Calais,
IdF(?), Moravia (CZ), Yugozapaden
(BU), Arges County (RO),
Demanding 1-3 e.g. BMW BMW, Germany; Michelin joint venture with Growing, large and broad Baden-Wurtemberg, Aragon,
components (e.g. Prodrive (UK); Fiat Fives (metallic AM), France supply chain across Europe Cataluna, Emilia-Romagna,
gear box, Chrysler Automobiles Lombardy, Norte, Saxony, Slovakia
powertrain parts, (FCA); (Bratislava), Bavaria, Piemonte,
water pump Thuringia, Dolnoslaskie,
wheel) Podkarpackie, North/West England,
Castilla, Gothenburg,
Vastergdtland, Nord Pas de Calais,
IdF(?), Moravia (CZ), Yugozapaden
(BU), Arges County (RO),

Inert implants, 1-2 e.g. Oxford e.g. Symbios (UK), WASP (Italy); Materialise Growing, very innovate Flanders, Asturias, Lombardy,
hard implants i.e. Performance joimax (German), (Belgium); Arcam AB (Sweden), | industry is emerging Emilia-Romagna, Nord pas de
bone replacement Materials (US) Layerwise (part of 3D Calais, Aragon, Baden-

(e.g. acetabular Systems), Belgium, Wiurttemberg, South NL, Tampere,

implants, skull Nanotec Marin GmbH Wallonia, Cataluna, Thuringia, Midi-

implants, (Germany), Stanmore Pyrénées, Rhone-Alpes, Northern
sternum Implants Worldwide, Ireland, South Denmark, Helsinki,
implants) 3T RPD Ltd, Podlaskie
Implantcast GmbH,
3Dceram
Tools, 1-2 Many US hearing Siemens, Lima LayerWise, Belgium (advanced | Growing Flanders, Asturias, Lombardy,

instruments &
parts for medical
devices (i.e. tools

and jigs for

surgery, i.e. Kelly
hemostat, needle

driver, tissue

forceps,

aid manufacturers
e.g. GN ReSound ,
3D Systems,

Medical Modeling,

Corporate (Italy), GN

ReSound (Denmark),

EnvisionTEC Germary,
DSM

direct metal 3D-printing and
manufacturing
services);Materialise (Belgium);
EOS, Germany; Ruetschi
Technology AG (Switzerland),
Concept Laser GmbH
(Germany), EnvisionTEC with
GN ReSound

Emilia-Romagna, Nord pas de
Calais, Aragon, Baden-
Wirttemberg, South NL, Tampere,
Wallonia, Cataluna, Thuringia, Midi-
Pyrénées, Rhone-Alpes, Northern
Ireland, South Denmark, Helsinki,
Podlaskie
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Maturity

Geographical Concentration

Global key players

Key European players

European Supply Chain

Network

Potential

Market expectation
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Regions

retractor, scalpel

handle and
Metzenbaum
scissors)
(eventually also
consider
exoskeletons)

Dental (e.g. 1-2 e.g. Align 3DMedicalPrint, Roboze, Bari Italy (High Growing, strong impacts Flanders, Asturias, Lombardy,
crowns, braces Technologies Inc Austria; SLM Solutions | precision printer manufacturer) Emilia-Romagna, Nord pas de
and dentures), (Invisalign Dental | Germany; EOS Calais, Aragon, Baden-

also dental braces), DENTCA | Germany; Concepts Wirttemberg, South NL, Tampere,

devices (USA), Stratasys Laser Germany; Wallonia, Cataluna, Thuringia, Midi-
(Israel/USA) Planmeca Group, Pyrénées, Rhone-Alpes, Northern
Finland, Mat Dent NV, Ireland, South Denmark, Helsinki,
Implant & 3D Planning Podlaskie
Ctr, Skyscan NV
Metallic mould 1 Marketed strongly | Major companies in Some supplies exist, like Fado | Growing, strong impacts on Baden-Wirttemberg, Cataluna,

inserts for
injection
moulding and die
casting

by Stratasys.

different end-user
sectors, e.g.
automotive, consumer,
aerospace, medical.
Volvo Trucks (Lyon
FR)

in Poland; Additive Industries
(NL); Mcor, Ireland; EOS,
Germany, InvisionTEC,
Germany

the value chain across Europe

Emilia-Romagna, Flanders,
Lombardy, Nord pas de Calais,
South Holland, South NL, Tampere,
Thuringia, Upper Austria, Wallonia,
Norte, Orebro Lan, Marche, Lower
Austria, Copenhagen, Central
Hungary, Podkarpackie, Podlaskie
(PO), Yugoiztochen (BU),
Vastergotland (Gothenburg
Region), South East Romania,
Malopolskie, Central Greece, Silesia
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Global key players

Key European players

European Supply Chain

Network

Potential

Market expectation
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Regions

Sand moulds and 1 For sand moulds For sand moulds and | ExOne ( The development and | Growing, large and diverse Baden-Wdrttemberg, Cataluna,
cores for and cores: ExOne, | cores Voxeljet in production facility in Augsburg, | supply chain acoss Europe Emilia-Romagna, Flanders,
foundries when headquarters in the | Germany; Sand Made, | Germany)and Voxeljet supply Lombardy, Nord pas de Calais,
individual USA. Stratasys Poland, services. Also other suppliers. South Holland, South NL, Tampere,
castings are active in marketing | Newbyfoundries, UK, | Foundries. Several application Thuringia, Upper Austria, Wallonia,
needed. Plastics pattern making. 3Dealise Ltd UK industries. Norte, Orebro Lan, Marche, Lower
patterns for sand Several players in Austria, Copenhagen, Central
casting. us Hungary, Podkarpackie, Podlaskie
(PO), Yugoiztochen (BU),
Vastergdtland (Gothenburg
Region), South East Romania,
Malopolskie, Central Greece, Silesia
Spare parts for 1-2 A wide sector: A wide sector: A wide sector: depends on Growing Baden-Wirttemberg, Cataluna,

machines (e.g.
gears, housings,
buttons,
fasteners)

depends on
application.

depends on
application. Maersk,
DK (Fabricate Spare
Parts on Ships), online
suppliers like
Shapeways,
iMaterialize and other
AM service providers

application.

Emilia-Romagna, Flanders,
Lombardy, Nord pas de Calais,
South Holland, South NL, Tampere,
Thuringia, Upper Austria, Wallonia,
Norte, Orebro Lan, Marche, Lower
Austria, Copenhagen, Central
Hungary, Podkarpackie, Podlaskie
(PO), Yugoiztochen (BU),
Vastergotland (Gothenburg
Region), South East Romania,
Malopolskie, Central Greece, Silesia
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Technology Geographical Concentration European Supply Chain Potential Regions

Maturity Network

Global key players  Key European players

Market expectation

Home decoration 1 e.g. Freedom of e.g. Freedom of e.g. various players with Growing Galicia, Cataluna, South NL, Nord
(incl. Lightning) Creation (part of Creation (part of 3D Materialize pas de Calais, Lombardy, Flanders,
(e.g. furniture, 3D systems) systems) Netherlands; Ile-de-France
lightning, small Neitherlands, LUXeXcel,
statues, vases) LUXeXcel, Netherlands;
Netherlands, .MGX | Raybender, Denmark;
(the design division | KIORO design, Italy
of Materialise
N.V.), Belgium
Textiles, cloths 1-2 US: Nervous NL: Iris van Herpen Luxexcel, NL (printer provider) | Growing Galicia, Cataluna, South NL, Nord
(e.g. shoes, System (a design (fashion designer), optics, Philips, Adidas (GE), pas de Calais, Lombardy, Flanders,
bikinis, studio), designers | ACryx (shoe brand); Grabher (AT) Ile-de-France
garments) (e.g. Bradley UK: Tamicare Ltd. (3D
Rothenberg), textile technology),
Footprint BioKnit (shoe brand)
Footwear, the
United Nude, Sols;
US printer
providers for
textiles: 3D
Systems Inc
(Fabricate
application). Israel
also strong in
design of clothes
with 3D-printing
elements.
Jewellery (e.g. 1-2 US: American Pearl | IT: Nemesi (online 3D- | IR: Mcor Technologies (paper | Growing Galicia, Cataluna, South NL, Nord

selective laser
melting of
precious metals
like gold and
silver, plastic
jewellery, casted
jewellery)

Inc. (customers
make their own
design onling,
company produces
3D-printed wax
mould); SG:
Polychemy,

printing service for
jewellery), KIORO
design (design studio);
NL(Eindhoven)/US:
Shapeways (web
based service),
Dyvsign Delft; UK:

based 3D-printers for
jewellery); Heimerle + Meule
Group (refiner and processor of
precious metals), Swarovski

pas de Calais, Lombardy, Flanders,
Ile-de-France
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Regions

Cooksongold, Future
Factories - Designer
Lionel T Dean, Weston
Beamor,FI: Kalevala
koru

Gas turbines:
prototyping,
repairing, direct
manufactu-ring

Siemens, Mikro
Systems, Inc. (US)
subcontractor of
Siemens

Siemens, Alstom (FR),
Material Solutions Ltd
(UK)

Siemens, Materials Solutions
Limited (UK), Safran Group
(FR), Alstom (FR)

Growing, rather narrow and
specific supply chain acrros
Europe

Baden-Wirttemberg, Cataluna,
Emilia-Romagna, Flanders,
Lombardy, Nord pas de Calais,
South Holland, South NL, Tampere,
Thuringia, Upper Austria, Wallonia,
Norte, Orebro Lan, Marche, Lower
Austria, Copenhagen, Central
Hungary, Podkarpackie, Podlaskie
(PO), Yugoiztochen (BU),
Vastergdtland (Gothenburg
Region), South East Romania,
Malopolskie, West Midlands,
Bavaria, South Denmark, Liguria

Affordable
houses (based on
automatisa-tion,

redundancy of
formworks)

WinSun (China),
RMIT Institute of
Technology
(Australia),
University of
Southern
California, Zhuoda
Group (China),
entrepreneur Lewis
Yakich (3D-printed
homes in
Philippines)

Fimatec (Finland), DUS
Architects (NL);
Dshape -Monolite Ltd
(UK)

IT: WASP (World Advanced
Saving Project) creation of the
world’s largest Delta 3D-printer.
AT: Lukas Lang Building
Technologies and REHAU AG

Growing, large supply chains
are affected across Europe

Ile-de-France, West NL (North
Holland), Bratislava, Norte (?),
Thessalia, South Denmark,
Donoslaskie, Lancashire, North
West England, Burgenland,
Lubelskie, Malopolskie, Stockholm
region, Emilia-Romagna, Helsinki,
South East Finland
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Potential
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FINAL REPORT

Regions

Personalized food
- ingredients,
structure, flavour
(e.g. personalized
diet, improved
flavour by
improved
stucture)

3D Systems (US)
produces food
printers

e.g. Biozoon,
Print2Taste Bocusini
(Germany), TNO
(Research)
Netherlands, the
Foodini by Natural
Machines (ES), Nestle
(CH) , the Choc
Creator by Choc Edge
(UK), MELT icepops
(NL), The Magic Candy
Factory (DE)

3D Ventures (UK);

Growing, has an impact also
on many small firms

Beieren (DE), Bremen (DE), Galicia
(ES), Thessalia (EL),
Severoiztochen (BU), South-
Denmark (DK), South West
England (UK), Midi-Pyrénées (FR),
Southern and Eastern Ireland
(IRL), Groningen (NL), Malopolskie
(PL), Lubelskie (PL), Nord-Vest
(RO), Helsinki-Uusimaa region
(FIN), Lithuania, (LT).

Source: IDEA Consult, AIT and VTT, 2015
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Table 26: Application areas selected at the end of Task 1 for further research

3DP-Application

Comment

Lead Sector
[associated sectors]

structure, flavour (e.g. personalized
diet, improved flavour by improved
stucture)

1 | Tools, instruments & parts for B-2-C and B-2-C, new value chains, HEALTHCARE
medical devices (i.e. tools and jigs | subject to constraining regulations,
for surgery, i.e. Kelly hemostat, and with diversity in deployment [Possible connections to other high-
needle driver, tissue forceps, precision sectors and areas (e.g.
retractor, scalpel handle and mechanic precision, optic
Metzenbaum scissors) (eventually also instruments)]
consider exoskeletons)
2 | Personalized car interiors (e.g. B-2-B, key to competitiveness of own | AUTOMOTIVE
dashboard) and exteriors (e.g. wing | value chains (e.g. weight reduction)
mirrors and other non-structural Broad outreach to other
components) (non-critical parts) (excl transportation sectors (Aerospace),
embedded electronics) machinery and tooling, and traditional
mechanical industry]
3 | Demanding components (e.g. gear | B-2-B, key to competitiveness of own | AUTOMOTIVE
box, powertrain parts, water pump value chains + impacts across value
wheel, structural parts) for cars and chains (e.g. automotive, machinery);, | Broad outreach to other
structural parts for aeroplanes, heavily regulated®", certification transportation sectors (Aerospace),
especially engines (e.g. turbine challenges energy, machinery and tooling, and
blades, fuel nozzles) (critical parts) traditional mechanical industry
4 | Inert implants, hard implants i.e. bone | B-2-B and B-2-C, new value chains, HEALTHCARE
replacement (e.g. acetabular heavily regulated
implants, skull implants, sternum [Possible connections with other
implants) (mono-material and multi- sectors such as Consumer Goods -
material implants, excluding bio- Jewelry where similar materials and
absorbable implants) processes are used]
5 | Sand & metal moulds and cores for | B-2-B, boosting competitiveness MACHINERY & TOOLING
foundries when individual castings traditional sectors
are needed. Plastic patterns for sand [Broad outreach due to its horizontal
casting. character / connects to all large
manufacturing sectors]
6 | Spare parts for machines (e.g. B-2-B, strong cross-value chains MACHINERY & TOOLING
gears, housings, buttons, fasteners) impacts
[Broad outreach due to its horizontal
character / connects to all large
manufacturing sectors (automotive,
metal manufacturing, energy,
construction, agricultural machinery
etc)]
7 | Home decoration (incl. Lightning) B-2-C (B-2-B), including embedded CONSUMER & LIFESTYLE
(e.g. furniture, lightning, small electronics®¥?, new business models
statues, vases) (open source) [Logistics]
8 | Textiles (adding a dimension to 2D- | B-2-C, including embedded CONSUMER & LIFESTYLE
textiles to add functionalities, e.g. electronics, new business models,
printing protective shields on firemen | transversal applications (transport®®, | [Broad outreach as it relates to smart
jackets), including embedded medicine, automotive etc) textiles to be potentially in use in
electronics (e.g. printing electronic government/military sectors, health,
tracks, ‘smart textile”) construction, transport?, automotive,
aerospace, etc]
9 | Affordable houses (based on B-2-C (B-2-B), reinvigorating CONSTRUCTION
automatisation, redundancy of traditional sector
formworks) [possible spill-overs to installations in
harsh environments]
10 | Personalized food - ingredients, B-2-C (B-2-B), new business models | AGRO-FOOD

(open source).

Regulated

[Healthcare, biotechnology, bulk
chemicals, consumer & lifestyle,
logistics]

341 Although it is of particular importance for the aeronautic sector, regulation is also a critical factor for the car industry.
342 In the process of further exploring the potential of emerging areas, it was found that the embedding of electronics into home

343 Through upholestry for instance.

decoration and textile items is of importance. A key example of early development area is the one of Smart Textiles to which
Additive Manufacturing could add value.
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4.1.2.3

The final selection of a short list of 10 cases (starting for the table above and the long list of 16 cases) should
capture the wide variety in terms of expected impacts, sectoral coverage and business environments. All 3DP
applications identified are expected to have major impacts on the industrial texture and on the overall
competitiveness of industry. However, some of them may impact on a wide spectrum of value chains and sectors
(e.g. in machinery) while others may create or foster the development of new value chains (heatlhcare). Some 3DP
applications will create new activities and products while others will support process optimization and productivity
boosts in a broad range of rather traditional sectors (e.g. 3DP cores in foundries). Some 3DP-applications will be
located rather downstream the value chains (B-2-C) while others will be operating higher up in the corresponding
value chains (B-2-B). Finally, there was the need to have a diversity in terms of business environment and
framework conditions such as regulatory environment (healthcare). Bearing in mind this need for diversity, the
research consortium proposed the following 10 cases (see Table 27) to be further studied during the case study
research process:

Final selection of the 10 cases

Table 27: Top-10 3DP Applications

3DP-Application

Comment

Lead Sector

Associated regions

Tools, instruments &
parts for medical
devices (i.e. tools and
jigs for surgery, i.e. Kelly

B-2-C and B-2-C, new
value chains, subject to
constraining regulations,
and with diversity in

[associated sectors]
HEALTHCARE

[Possible connections to
other high-precision

Flanders, Asturias,
Lombardy, Emilia-
Romagna, Nord pas de
Calais, Aragon, Baden-

hemostat, needle driver, | deployment sectors and areas (e.g. Wiirttemberg, South NL,
tissue forceps, retractor, mechanic precision, optic | Tampere, Wallonia,
scalpel handle and instruments)] Cataluna, Thuringia,
Metzenbaum scissors) Midi-Pyrénées, Rhone-
(eventually also consider Alpes, Northern Ireland,
exoskeletons) South Denmark, Helsinki,
Podlaskie
Personalized car B-2-B, key to AUTOMOTIVE Baden-Wurtemberg,

interiors (e.q.
dashboard) and
exteriors (e.g. wing
mirrors and other non-
structural components)
(non-critical parts) (excl
embedded electronics)

competitiveness of own
value chains (e.g. weight
reduction)

Broad outreach to other
transportation sectors
(Aerospace), machinery
and tooling, and
traditional mechanical
industry]

Aragon, Cataluna, Emilia-
Romagna, Lombardy,
Norte, Saxony, Slovakia
(Bratislava), Bavaria,
Piemonte, Thuringia,
Dolnoslaskie,
Podkarpackie,
North/West England,
Castilla, Gothenburg,
Vastergdtland, Nord Pas
de Calais, IdF(?),
Moravia (CZ),
Yugozapaden (BU),
Arges County (RO),

Demanding
components (e.g. gear
box, powertrain parts,
water pump wheel,
structural parts) for cars
and structural parts for
aeroplanes, especially
engines (e.g. turbine
blades, fuel nozzles)
(critical parts)

B-2-B, key to
competitiveness of own
value chains + impacts
across value chains (e.g.
automotive, machinery);
and B-2-B, key to
competitiveness of own
value chains + impacts
across value chains (e.g.
automotive, machinery),
heavily regulated,
certification challenges

AUTOMOTIVE

Broad outreach to other
transportation sectors
(Aerospace), energy,
machinery and tooling,
and traditional
mechanical industry

Baden-Wurtemberg,
Aragon, Cataluna, Emilia-
Romagna, Lombardy,
Norte, Saxony, Slovakia
(Bratislava), Bavaria,
Piemonte, Thuringia,
Dolnoslaskie,
Podkarpackie,
North/West England,
Castilla, Gothenburg,
Vastergotland, Nord Pas
de Calais, IdF(?),
Moravia (CZ),
Yugozapaden (BU),
Arges County (RO) /
Aragon, Lombardy,
South Holland, Upper
Austria, Wallonia, Midi-
Pyrénées, Piemonte,
Campania, Ile-de-France,
Lancashire, North West
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3DP-Application

Comment

Lead Sector

Associated regions

[associated sectors]

England, East Midlands,
Podkarpackie, Hampshire

Inert implants, hard
implants i.e. bone
replacement (e.g.
acetabular implants, skull
implants, sternum
implants) (mono-material
and multi-material
implants, excluding bio-
absorbable implants)

B-2-B and B-2-C, new
value chains, heavily
regulated

HEALTHCARE

[Possible connections
with other sectors such
as Consumer Goods -
Jewelry where similar
materials and processes
are used]

Flanders, Asturias,
Lombardy, Emilia-
Romagna, Nord pas de
Calais, Aragon, Baden-
Wirttemberg, South NL,
Tampere, Wallonia,
Cataluna, Thuringia,
Midi-Pyrénées, Rhone-
Alpes, Northern Ireland,
South Denmark, Helsinki,
Podlaskie

Sand & metal moulds
and cores for
foundries when
individual castings are
needed. Plastic patterns
for sand casting.

B-2-B, boosting
competitiveness
traditional sectors

MACHINERY & TOOLING

[Broad outreach due to
its horizontal character /
connects to all large
manufacturing sectors]

Baden-Wiirttemberg,
Cataluna, Emilia-
Romagna, Flanders,
Lombardy, Nord pas de
Calais, South Holland,
South NL, Tampere,
Thuringia, Upper Austria,
Wallonia, Norte, Orebro
Lan, Marche, Lower
Austria, Copenhagen,
Central Hungary,
Podkarpackie, Podlaskie
(PO), Yugoiztochen (BU),
Vastergdtland
(Gothenburg Region),
South East Romania,
Malopolskie, Central
Greece, Silesia

Spare parts for
machines (e.g. gears,
housings, buttons,
fasteners)

B-2-B, strong cross-value
chains impacts

MACHINERY & TOOLING

[Broad outreach due to
its horizontal character /
connects to all large
manufacturing sectors
(automotive, metal
manufacturing, energy,
construction, agricultural
machinery etc)]

Baden-Wirttemberg,
Cataluna, Emilia-
Romagna, Flanders,
Lombardy, Nord pas de
Calais, South Holland,
South NL, Tampere,
Thuringia, Upper Austria,
Wallonia, Norte, Orebro
Lan, Marche, Lower
Austria, Copenhagen,
Central Hungary,
Podkarpackie, Podlaskie
(PO), Yugoiztochen (BU),
Vastergodtland
(Gothenburg Region),
South East Romania,
Malopolskie, Central
Greece, Silesia

Home decoration (incl. | B-2-C (B-2-B), including | CONSUMER & LIFESTYLE | Galicia, Cataluna, South
Lightning) (e.g. furniture, | embedded electronics, NL, Nord pas de Calais,

lightning, small statues, | new business models [Logistics] Lombardy, Flanders, Ile-
vases) (open source) de-France

Textiles (adding a B-2-C, including CONSUMER & LIFESTYLE | Galicia, Cataluna, South

dimension to 2D-textiles
to add functionalities,
e.g. printing protective
shields on firemen
jackets), including
embedded electronics
(e.g. printing electronic
tracks, ‘smart textile”)

embedded electronics,
new business models,
transversal applications
(transport, medicine,
automotive etc)

[Broad outreach as it
relates to smart textiles
to be potentially in use in
government/military
sectors, health,
construction, automotive,
aerospace, etc]

NL, Nord pas de Calais,
Lombardy, Flanders, Ile-
de-France
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Lead Sector

3DP-Application Comment Associated regions

[associated sectors]

9 | Affordable houses B-2-C (B-2-B), CONSTRUCTION Ile-de-France, West NL
(based on reinvigorating traditional (North Holland),
automatisation, sector [possible spill-overs to Bratislava, Norte (?),
redundancy of installations in harsh Thessalia, South
formworks) environments] Denmark, Donoslaskie,

Lancashire, North West
England, Burgenland,
Lubelskie, Malopolskie,
Stockholm region, Emilia-
Romagna, Helsinki,
South East Finland

10 | Personalized food - B-2-C (B-2-B), new AGRO-FOOD Beieren (DE), Bremen
ingredients, structure, | business models (open (DE), Galicia (ES),
flavour (e.g. personalized | source). [Healthcare, Thessalia (EL),
diet, improved flavour by biotechnology, bulk Severoiztochen (BU),
improved stucture) chemicals, consumer & | South-Denmark (DK),

lifestyle, logistics] South West England

(UK), Midi-Pyrénées
(FR), Southern and
Eastern Ireland (IRL),
Groningen (NL),
Malopolskie (PL),
Lubelskie (PL), Nord-Vest
(RO), Helsinki-Uusimaa
region (FIN), Lithuania,

(LT).
Therefore, the following applications were not retained for the final case selection3#:
Table 28: Non-selected Applications
Sector ‘ Application
Aerospace Component repairing, based on directed energy deposition and hybrid technologies
(e.g. aircraft engine compressor components, blisks (intergrally bladed rotors),
airfoils)
Healthcare Dental (e.g. crowns, braces and dentures), also dental devices
Machines & Tooling Metallic mould inserts for injection moulding and die casting
Consumer life style & Jewellery (e.g. selective laser melting of precious metals like gold and silver, plastic
fashion (inluding jewellery, casted jewellery)
textiles and creative
industries)
Energy Gas turbines: prototyping, repairing, direct manufacturing

344 After a meeting with the European Commission, the decision was taken to include the Application Nr 1 (Tools, instruments
& parts for medical devices) in the final list presented in Table 27 in line with the arguments presented in Section 4.1.2.2.
The decision was also taken to consider Demanding components for both the Aerospace and Automotive sectors which were
integrated into a sole application area to be further precised during the case studies.
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4.1.3 Case study approach

This section presents the results of both Task 2 and Task 3 for the ten case-studies, case by case. The case study
approach was exclusively based on qualitative techniques3#. Every case researcher from the consortium was
provided with a case study protocol and case study guidelines. The cases were spread across the consortium in
function of the core expertise of each partner. This process followed rational steps:

1. First, a protocol was elaborated and tested with a first Pilot Case Study. This protocol encompassed
guidance and instructions for the implementation of the case study research and subsequent reporting;

2. Second, the protocol and additional oral instructions were communicated to the partners who could
start to conduct their research;

3. All cases started with a first phase of desk research (mainly internet and literature-based);

4. The desk research was followed by semi-structured interviews and written feedbacks (124 in
total®#, including several group interviews) with/from “gate keepers’ (main companies, clusters,
federations, research and technology organisations well-connected to regional eco-systems and having a
broad view on their field[s] of activity) but also (potential) AM user companies;

5.  Two consortium teleconferences were held at key moments of the process in order for the partners to
exchange on cross-case insights and reiterate the relevant instructions regarding case study
implementation;

6. Informal iterations took place along the process in order to allow the team members provide feedback
to each other on their cases, including difficulties and ways to overcome them;

7. Finally, two intermediary report were submitted by all researchers to IDEA Consult in view of a final
iteration and final integration of the adjusted case studies into the present “ Fina/ Report’.

The interviewing process proved to be particularly difficult as many contacts refused to collaborate with our team
members due to the overwhelming number of studies, surveys, etc. currently on-going at all levels of government.
A second factor was also for some companies that AM is a differentiating technology and is considered too strategic
to be discussed. However, our team managed to fulfill its objectives and successfully conducted the first round of
case studies while following the protocol process. Main themes of investigation (see Box 30) were therefore explored
and the results were reported by each member in a standard reporting template to allow cross-case comparisons.

Box 30: Main research topics

The main themes that were detailed by the case study protocol were the following:

Definition of the application area

Approaching the key players

Identification of key players and market structure

Digging further into the value chain

First insights on drivers and barriers

First insights on missing competencies and opportunities for joint actions/public intervention

vVvVvyVvyVvyy

Under these themes, the main aspects of each application area were to be studied, such as:

> Context analysis and refinement of each case area (e.g., identifying core technologies, history of the
‘field")

Composition of the value chain: players i