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Executive Summary 

In 2017, the Additive Manufacturing (AM) industry, consisting of all AM products and services 

worldwide, grew 21% to $7.336 billion1 and it is poised to grow up to $21.50 billion by 20252. AM may 

play a pivotal role in changing the manufacturing paradigm and contributing to address the societal 

challenges of our time, such as global warming, energy transition, population ageing and decreasing 

resources.  

AM-MOTION vision for 2030 foresees that Europe will improve its leading role in Additive 

Manufacturing, greatly impacting on the competitiveness of European industrial sectors. Additive 

Manufacturing will improve the quality of life of European citizens in terms of retention of high quality 

jobs in Europe, availability of customised, cleaner, safer and affordable products and increased access 

to cleaner energy, mobility and effective and personalised medicine. 

The figure below summarises AM-MOTION Vision for AM in 2030, including the envisaged 
opportunities and challenges as well as the areas of intervention which are covered by the roadmap 
(i.e. technologies, standardisation, certification, skills and education, financing, intellectual properties, 
safety, communication, cross-regional and international cooperation). 

 

AM-MOTION Vision 

Based on the identified challenges and opportunities, AM-MOTION roadmap proposes future 

actions for the AM development and successful market uptake in target sectors:   

¶ Health; 

¶ Aerospace; 

¶ Automotive; 

¶ Consumer goods and Electronics; 

                                                           

1 Wohlers, T. &. (2018). Wohlers Report. Colorado: Wohlers Associates Inc. 
2 Frost & Sullivan's Global 360° Research Team (May 2016), Global Additive Manufacturing Market, Forecast to 2025, Frost & Sullivan, 
Mountain View, California 
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¶ Industrial equipment and Tooling; 

¶ Construction; 

¶ Energy. 

The roadmap includes also cross-cutting actions (technical and non-technical), covering 

several sectors.  

AM-MOTION roadmap may be seen as an evolution of FOFAM3 Roadmap, which has been 

further developed and expanded in AM-MOTION project involving around 100 external experts 

through physical meetings and remote surveys.  

The draft Roadmap has been released at the end of July 2018 for public consultation through 

an online survey (August-September 2018).  

The Final AM-MOTION Roadmap has been presented ŀǘ άAMEF2018 Additive Manufacturing 

European Forumέ (Brussels, 23-24 October 2018).  

 

  

                                                           

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

The present document constitutes Deliverable D5.4 in the framework of the AM-Motion 
ǇǊƻƧŜŎǘ ά! ǎǘǊŀǘŜƎƛŎ ŀǇǇǊƻŀŎƘ ǘƻ ƛƴŎǊŜŀǎƛƴƎ 9ǳǊƻǇŜΩǎ ǾŀƭǳŜ ǇǊƻǇƻǎƛǘƛƻƴ for Additive Manufacturing 
ǘŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ ŎŀǇŀōƛƭƛǘƛŜǎέ όtǊƻƧŜŎǘ !ŎǊƻƴȅƳΥ !M-motion; Contract No.: 723560). This report is the 
ǊŜǎǳƭǘ ƻŦ ŀŎǘƛǾƛǘƛŜǎ ǇŜǊŦƻǊƳŜŘ ǿƛǘƘƛƴ ǘƘŜ ŦǊŀƳŜǿƻǊƪ ƻŦ ²ƻǊƪ tŀŎƪŀƎŜ р άwƻŀŘƳŀǇ 5ŜǾŜƭƻǇƳŜƴǘέΣ ŀƴŘ 
more specifically on Task 5.3 άRoadmap Developmentέ ƭŜŘ ōȅ RINA-C. Task 5.3 (M13-M24) is focused 
on the development and release of the AM-MOTION European Research and Innovation Roadmap 
for successful market implementation of Additive Manufacturing (AM).  

AM technologies refer to a group of technologies that build physical objects from Computer 
Aided Design (CAD) data. The main difference between traditional and AM-technologies is that parts 
produced via AM are created by the consecutive addition of liquids, sheet or powdered materials in 
layers, instead of removing material to generate a desired shape which is common to traditional 
technologies such as milling or drilling. Additive Manufacturing has many common names, involving 
rapid manufacturing, direct manufacturing, 3D-printing, rapid tooling and rapid prototyping. In line 
with previous studies4, we consider AM as the umbrella term for additive technologies; the terms 
direct manufacturing, rapid tooling and rapid prototyping refer to the application of AM. 

The overall aim of AM-MOTION roadmap is to create a common vision for successful 
European leadership in additive manufacturing, highly impacting of societal challenges of our time, 
and to suggest common goals and specific actions to solve the existing gaps between the current 
status and the target vision.  

The roadmap methodology used to build the roadmap is presented in Chapter 2. The 
roadmap is an evolution of the recent FOFAM AM Roadmap, extensively revised and further 
developed in terms of sectors, products and identified gaps and actions and related content with the 
help of external experts (in technical and non-technical aspects). Chapter 3 presents the vision of the 
roadmap, including opportunities and challenges foreseen for the successful market uptake of AM.  

Chapter 4 describes the target sectors addressed by the roadmap. After a general description 
of each sector, target product groups (and examples of specific products) and the regional capabilities 
are presented by sector, including also maps of regional and national AM projects. Details of European, 
national and regional projects are reported in annex A and B, respectively. Information on key enablers 
(i.e. AM actors) are reported in annex C.  

Chapter 5 reports the identified actions for future research and innovation activities, dividing 
them between technical and non-technical actions. In turn, technical actions are segmented in cross-
cutting (i.e. relevant for more/all sectors) and sectorial ones. Details of each action in terms of 
identified gap with the description of the current context, description of proposed activities, initial 
and target TRL etc. are reported in annex D.  

Chapter 6 describes the impact of the identified actions, considering the results of semi-
quantitative estimation with selected key impact indicators performed by the experts in workshops 
and surveys. The conclusion (Chapter 7) summarises the key results of the Final Roadmap. 

                                                           

4 Prof. Dr.-Ing. Jürgen Gausemeier . Thinking ahead the Future of Additive Manufacturing ςExploring the Research Landscape. Heinz 
Nixdorf Institute, University of Paderborn ς Paderborn 2013. 
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 Roadmapping methodology 

The roadmapping activity performed to develop this AM-MOTION European Research and 
Innovation Roadmap is a method to produce strategic plans and ideas for future successful 
development of AM- based products relevant in particular for the identified sectors: 

¶ Health; 

¶ Aerospace; 

¶ Automotive; 

¶ Consumer goods and Electronics; 

¶ Industrial equipment and Tooling; 

¶ Construction; 

¶ Energy. 

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

2.1. Background: the FOFAM experience  

AM-MOTION roadmapping approach is built on the experience the strategic research agendas 
developed ōȅ ǘƘŜ 9ǳǊƻǇŜŀƴ ¢ŜŎƘƴƻƭƻƎȅ tƭŀǘŦƻǊƳ ƻƴ !a άAM-Platformέ and the methodology 
developed under the previous FoFAM CSA (2015-2017, grant agreement no 636882). FOFAM AM 
roadmap focused on five sectors (i.e. those addressed by the present roadmap except energy and 
construction), identifying technical and non-technical actions to be performed at short, medium or 
long term in order to achieve the final target, i.e. the commercialisation of AM machines, products 
and related services. 

The sectors and market addressed in FOFAM roadmap were selected together with external 
experts (workshop September 2015), according to the FoFAM project need to be relevant to the 
techno-logical advancements across Europe and their potential to positively influence societal and 
economic challenges. These sectors were also the focus of a number of relevant documents i.e. the  
άEuropean Additive Manufacturing Strategic Research Agendaέ5, which highlights priority areas for 
future development in AM. 

For each of selected sectors, a value chain (VC) approach was followed to find the gaps 
preventing complete market deployment and to propose the corresponding needed actions. The VC 
is defined as the set of activities from research to market, along a process to generate and add value. 
The steps of the value chain considered in the roadmap for gap analysis are shown in Figure 2.1 

 

 

Figure 2.1: Steps of AM value chain in FOFAM and AM-MOTION roadmaps 

 

The actions proposed are classified in cross-cutting actions relevant to all sectorial value 
chains, responding both to technological and non-technological gaps and actions specific to a 

                                                           

5 www.rm-platform.com/linkdoc/AM SRA - February 2014.pdf 

http://rm-platform.com/
https://cordis.europa.eu/project/rcn/193434_en.html
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particular value chain. The timeline for the proposed actions was also indicated considering short-
term (2017-2020), medium term (2020ς2025) and long-term actions (beyond 2025).Moreover, 
technical gaps include the current Technology Readiness Level (TRL). TRLs are based on a scale from 1 
to 9 with 9 being the most mature technology6, as shown in Table 2.1. 

 

Table 2.1 Description of Technology Readiness Levels (TRL) 

TRL Description 

1 Basic principles observed 

2 Technology concept formulated 

3 Experimental proof of concept 

4 Technology validated in lab 

5 Technology validated in relevant environment (industrially relevant environment in the case of key 
enabling technologies (KETs)) 

6 Technology demonstrated in relevant environment (industrially relevant environment in the case of 
KETs) 

7 System prototype demonstration in operational environment 

8 System complete and qualified 

9 Actual system proven in operational environment (competitive manufacturing in the case of key 
enabling technologies; or in space) 

 

The FOFAM plans for future actions for each sector were developed as shown in Figure 2.2 , 
which present the example of the heath sector.  

 

                                                           

6 http://ec.europa.eu/research/participants/data/ref/h2020/wp/2014_2015/annexes/h2020-wp1415-annex-g-trl_en.pdf  

 

http://ec.europa.eu/research/participants/data/ref/h2020/wp/2014_2015/annexes/h2020-wp1415-annex-g-trl_en.pdf
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Figure 2.2: Example of FOFAM plans for future action ς the health sector 

2.2. AM-MOTION roadmapping approach and development steps 

AM-MOTION Roadmap starts from the main funding of the FOFAM Roadmap, further 
developed and expanded by means of combination of desk research (integrating the results of key 
initiatives in AM7) and working group sessions. In particular, AM-MOTION roadmap has adopted the 
same Value Chain approach of FOFAM, and it focuses on 7 sectors, considering sectorial and cross-
cutting actions to solve c urrent gaps, both technical and non-technical ones. In addition to FOFAM, 
AM-Roadmap starts from a VISION for European AM in 2030, identifying key challenges and 
opportunities for successful market uptake of AM products. In this framework, for each sectors, 
target product groups have been identified and linked with specific future actions aimed at solving 
current gaps. The roadmap includes a semi-quantitative impact assessment of the identified actions, 
considering economic, social and environmental key impact indicators (KPIs). The roadmap integrate 
AM-MOTION findings in terms of regional capabilities in AM (maps of regional and national projects 
by sector) and suggestions on possible business collaboration models.  

The core AM-Motion roadmapping and networking activity was performed by the whole 
consortium and through the interaction between 5 Expert groups formed by selected experts in 
different technological and non-technological areas and chaired by project partners, involving overall 
100 experts: 

¶ Industrial EWG: representing the key AM industrial players from different sectors and VC 

segments.  

                                                           

7 E.g. The 3D printing Pilot of the Vanguard Initiative (http://www.s3vanguardinitiative.eu/cooperations/high-performance-production-
through-3d-printing); EC Report- 9!{a9 ¢ŜƴŘŜǊ άLŘŜƴǘƛŦȅƛƴƎ ŎǳǊǊŜƴǘ ŀƴŘ ŦǳǘǳǊŜ ŀǇǇƭƛŎŀǘƛƻƴ ŀǊŜŀǎΣ ŜȄƛǎǘƛƴƎ ƛƴŘǳǎǘǊƛŀƭ ǾŀƭǳŜ ŎƘŀƛƴǎ ŀƴŘ ƳƛǎǎƛƴƎ 
competences in the EU, in the area of additive manufacturing (3D-ǇǊƛƴǘƛƴƎύέΦ н016.; Lloyd Register Foundation. Roadmap for additive 
manufacturing. 2017.  

http://www.s3vanguardinitiative.eu/cooperations/high-performance-production-through-3d-printing
http://www.s3vanguardinitiative.eu/cooperations/high-performance-production-through-3d-printing
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¶ Materials & process EWG: Main players from industry and RTDs working on material 

development/production for AM and process development, including machine builders, 

software developers, post-processing experts.  

¶ Non-technological aspects EWG: experts working on non-technological aspects such as 

standardisation, IPRs or education.  

¶ Regional Development EWG: representing the regions with interest and/or capabilities on AM. 

¶ Financial EWG: Financial experts and investors.  

 

 

 

Figure 2.3: AM-MOTION Roadmapping steps 

 

The  

Figure 2.3 summarises the main AM-MOTION roadmapping steps, from the revision of FOFAM 
gaps up to the final release of AM-MOTION roadmap in October 2018. Detailed results of expert 
sessions are reported in deliverables D5.1 and D5.2. 
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 AM-MOTION Vision 

Global warming, energy transition, population ageing and decreasing resources present us 
with immense challenges. In order to deal with these, we need fresh approaches, technological 
advances and clear implementation strategies. In this framework, Additive Manufacturing may play a 
pivotal role in changing the manufacturing paradigm and contributing to address the societal 
challenges of our time. For example, lightweight production and functional complexity enabled by AM 
technologies can help to reduce the consumption of resources for the process and the product itself, 
streamline manufacturing processes and make more sustainable products.  

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

Figure 3.1 summarises AM-MOTION Vision for AM in 2030, including the envisaged 
opportunities and challenges as well as the areas of intervention which are covered by the roadmap 
(i.e. technologies, standardisation, certification, skills and education, financing, intellectual properties, 
safety, communication, cross-regional and international cooperation). 

The following lists describes some of the upcoming opportunities offered by market uptake 
of AM technologies: 

¶ Additive Manufacturing is one of the pillars of the Fourth Industrial Revolution (also known as 

Industry 4.0), which is a transformation that makes it possible to gather and analyse data across 

machines thus enabling faster, more flexible, and more efficient processes to produce higher-

quality goods at reduced costs with greater agility.8. In particular, AM can highly contribute to 

Industry 4.0 approaches by increasing process automation and the intrinsic digital core of AM 

manufacturing technologies make them relatively easy to use effectively digital twin approaches9. 

The application of digital twin in AM-enabled value chains can allow companies to have a complete 

digital footprint of their products from design and development through the end of the product 

life cycle. The digital twin may help to solve physical issues faster by detecting them sooner, 

predict outcomes to a much higher degree of accuracy, design and build better products, and, 

ultimately, better serve their customers. Finally, AM approaches includes recent breakthroughs 

as 4D Printing, which is a mean to enable smart and Internet of Things10 functionalities in AM 

products. In fact, 4D Printing is a combination of 3D printing and the fourth dimension, which is 

time and/or the change of functionalities. This technique allows a printed object to be 

programmed to carry out shape change while adapting to its surroundings. This allows for 

mastered self-assembly, multi-functionality, and self-repair and sensoring capabilities.  

¶ Bringing Artificial Intelligence to the world of AM can lead to faster and more precise processes, 

by giving smart advice on the choices to make, both in terms of design, of materials and of 

technologies, especially in presence of control and monitoring systems (including in line and real-

time ones) and predictive maintenance approaches. When coupled with robotic arms for printing 

                                                           

8 https://www.weforum.org/agenda/2016/01/the-fourth-industrial-revolution-what-it-means-and-how-to-respond/  
9 The digital twin is a near-real-time digital image of a physical object or process that helps optimize business performance. From  
https://www2.deloitte.com/insights/us/en/focus/industry-4-0/digital-twin-technology-smart-factory.html  
10 The Internet of Things (IoT) is the network of physical devices, vehicles, home appliances, and other items embedded with electronics, 
software, sensors, actuators, and connectivity, which enables these things to connect and exchange data, creating opportunities for more 
direct integration of the physical world into computer-based systems, resulting in efficiency improvements, economic benefits, and reduced 
human exertions. More info on: Internet of Things: Science Fiction or Business Fact?" Harvard Business Review. November 2014. 

https://www.weforum.org/agenda/2016/01/the-fourth-industrial-revolution-what-it-means-and-how-to-respond/
https://www2.deloitte.com/insights/us/en/focus/industry-4-0/digital-twin-technology-smart-factory.html
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large/complex shapes, artificial intelligence algorithms enable machine to see, create, and even 

learn from their mistakes during the printing process, thus being able to produce complex, large 

and precise patterns without sacrificing speed, as recently showcased by the company Ai Build11. 

¶ High degree of product customisation and human-centred approach offered by AM will contribute 

to improve the quality of life, with affordable and high quality products built based on customer 

needs, and also potentially address specific needs of the growing elderly population or of the 

people with physical impairments, thus building more inclusive societies. Co-creation approaches, 

involving researchers, industrial end-users and final customers in the design process, will 

contribute to EC strategies towards more inclusive and Responsible Research and Innovation 

(RRI). 

¶ AM may play a lead role in the Circular Economy for example by producing high added-value 

products from recycled or bio-based powders and enabling full re-use of AM by-products in new 

products. The exploitation of the full potential of AM will also lead to resource and energy saving 

in the whole value chain and in particular in manufacturing and transportation, thus contributing 

to the environment.  

¶ AM presents transformative potential manufacturing methods in the health sector being able to 

provide patient-specific solutions (e.g. from smart wheelchairs to orthopaedic implants), thus 

enabling Personalised Medicine approaches, which in the medium term can be affordable for 

most of the population. The advent of Bioprinting12, with its ability to create complex geometries 

and microarchitectures that mimic tissue complexity, can offer innovative solutions in the field of 

tissue engineering (i.e. printing biological tissues and potentially even organs) for patient-specific 

regenerative medicine and drug testing.  

¶ AM full market deployment will offer new employment and investment opportunities in several 

sectors enabling industries (including SMEs) to compete in highly aggressive and complex 

commercial environments. Furthermore, the new knowledge gained such multi-disciplinary and 

multi-sectorial domain will contribute to the improvement of workforce skills and education in 

European Knowledge-based economy, i.e. increasingly based on knowledge and information 

sharing. 

¶ Finally, AM technologies can contribute to the availability at low cost of highly efficient green 

energy solutions (e.g. renewable energy components and energy storage solutions), thus 

contributing to the EC 2050 Low Carbon Economy Roadmap13, as well as to EC plans for 

sustainable transportation14. 

                                                           

11 https://www.digitaltrends.com/cool-tech/ai-build-wants-to-change-the-way-we-build-the-future/ 
12 .ƛƻǇǊƛƴǘƛƴƎ Ŏŀƴ ōŜ ŘŜŦƛƴŜŘ ŀǎ άǘƘŜ ǳǎŜ ƻŦ о5 ǇǊƛƴǘƛƴƎ ǘŜŎƘƴƻƭƻƎȅ ǿƛǘƘ ƳŀǘŜǊƛŀƭǎ ǘƘŀǘ ƛƴŎƻǊǇƻǊŀǘŜ ǾƛŀōƭŜ ƭƛǾƛƴƎ ŎŜƭƭǎΣ ŜΦƎΦ ǘƻ produce tissue 
ŦƻǊ ǊŜŎƻƴǎǘǊǳŎǘƛǾŜ ǎǳǊƎŜǊȅέ όhttps://en.oxforddictionaries.com/definition/bioprinting)  
13 https://ec.europa.eu/clima/policies/strategies/2050_en  
14 https://ec.europa.eu/transport/themes/sustainable_en 

https://en.oxforddictionaries.com/definition/bioprinting
https://ec.europa.eu/clima/policies/strategies/2050_en
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Figure 3.1: AM-MOTION Vision
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However, Europe must address several technical and non-technical challenges, which may 
hinder AM full development and market success: 

¶ Technology: the availability new breakthrough sustainable materials and of advanced materials 

with better quality, reliability and affordability, together with faster, greener and cost-effective 

manufacturing processes, integrating effectively industry 4.0 approaches, with focus on energy 

and resource efficiency, material and product recyclability, automated monitoring and control 

mechanisms as well as advanced design, modelling and simulations.  

¶ Industrial access to technology at low prices. Industries (especially SMEs) in periods of limited 

resources find difficult to keep pace with the emerging innovation in AM, which may require the 

use of expensive machines and/or can be used effectively by highly-skilled workforce with multi-

disciplinary curricula. There is risk for European SMEs to stay behind without being able to 

compete in such highly technological arena. 

¶ Standardisation requires effort from individual specialists on the short term while the gains will 

be on the long term for a wide community. From one side, there is need to increase industry 

engagement on standards development; from another side, standards harmonization will have a 

significant influence on the long-term perspective. Harmonizing standards can be very time 

consuming, but standards are needed for the uptake of technologies. Moreover, in order to 

provide manufacturers with the greatest opportunity to exploit AM and provide confidence to 

manufactures and end-users that parts are safe, reliable and robust, an early publication of AM 

Qualification guidelines for product and process certification is paramount. 

¶ Education and training: industries are currently facing some obstacles to find out the missing 

necessary people (technicians, engineers, designers and operators) specialized in technical and 

non-technical aspects of AM. The demands onτand expectations forτAM talent are high, 

especially because the technical and engineering skills required vary widely and because AM 

professionals are expected to be at the same time creative, and able to constantly adapt to new 

developments. There is need for proper communication campaigns, industry involvement in 

education and training aspects, delivering proper learning contents at all levels, specific 

educational programmes, workplace training, on-line education and reskilling actions for current 

work force. 

¶ IPR: IPR Regimes should be reflected upon as to ensure protection without hampering market 

entry. Protection should be further ensured (IPR enforcement) and new IP-based reward systems 

should be thought of as to foster the development and commercialisation of AM-based products. 

In particular, it is important to give clearer guidance on defining for example whether a CAD file 

could benefit from copyright protection or other IP protection and build-up of a set of use cases 

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

¶ Business and Financing: Bringing prototypes to production by securing the reproducibility of 

application remains a critical point for the industry. AM is still perceived too much as a technology 

solution instead of a business solution. Moreover, many companies need to understand how they 

can gain access to finance: in fact, a survey conducted by The Manufacturer reported nearly two 

thirds of companies (61%) stated that initial development costs were the key barrier to the start 

of a new AM-enabled business15. There is need for availability of effective business models, able 

                                                           

15 Williamson, J. (2017, May 22). What's holding businesses back from investing in additive manufacturing? Retrieved from The 
Manufacturer: https://www.themanufacturer.com/articles/whats-holding-businesses-back-investing-additive-manufacturing/  

https://www.themanufacturer.com/articles/whats-holding-businesses-back-investing-additive-manufacturing/
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to address all the emerging opportunities (including co-creation platforms, provision of AM as a 

service etc.). In this framework, effective business collaboration models (e.g. strategic alliances, 

joint ventures, acquisitions, etc.) as well as an efficient innovation management system are 

fundamental to ease market deployment of AM technologies. Business collaborations in AM are 

motivated by several drivers, such as the high cost of AM equipment and materials, the cost and 

skills needed for certification and marketing activities, the need for high level of technical 

expertise, the opportunity to open up new markets and business cases and the medium term 

nature of the Return of Investment opportunities offered by AM (with RoI after 5 or even 10 years 

mainly due to the lack of the maturity of the technology)16. Furthermore the capacity to manage 

the innovation provided by AM technologies as a system is a critical success factor for companies.  

¶ Smart Specialisation: as reported in previous studies17, the European AM landscape however 

remains fragmented. 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, 

covering 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. In order to enlarge industrial research and business 

opportunities, cross-regional and cross-sectorial cooperation is required. In this framework, 

collaborations among S3 Smart Specialisation Thematic Platforms - SSTPs (up to now European 

Commission set up SSTPs for interregional cooperation on Industrial Modernisation, Agri-Food 

and Energy) would be important to enhance AM penetration in traditional sectors and to foster 

cross-contamination between western and eastern regions. 

AM-MOTION Roadmap aims to catch the foreseen opportunities and address the described 
challenges by suggesting recommendations focusing on industrial sectors of high economic, social and 
environmental impact, described in the subsequent chapter.   

                                                           

16 Business collaboration models are treated in details in Deliverable D4.4, which will be publicly available at the project completion at 
www.am-motion.eu.  
17 EC report- άLŘŜƴǘƛŦȅƛƴƎ ŎǳǊǊŜƴǘ ŀƴŘ ŦǳǘǳǊŜ ŀǇǇƭƛŎŀǘƛƻƴ ŀǊŜŀǎΣ ŜȄƛǎǘƛƴƎ ƛƴŘǳǎǘǊƛŀƭ ǾŀƭǳŜ ŎƘŀƛƴǎ ŀƴŘ Ƴƛǎǎƛƴg competences in the EU, in the 
area of additive manufacturing (3D-ǇǊƛƴǘƛƴƎύέΦ 9!{a9 ¢ŜƴŘŜǊ нлмсΦ ƭ ōȅ L59! /ƻƴǎǳƭǘΣ !L¢Σ ±¢¢Σ /9/Lah 

http://www.am-motion.eu/
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 Target sectors and products 

According to Wohlers Report 201818Υ άLƴ нлмтΣ ǘƘŜ !a ƛƴŘǳǎǘǊȅΣ ŎƻƴǎƛǎǘƛƴƎ ƻŦ ŀƭƭ !a ǇǊƻŘǳŎǘǎ 
and services worldwide, grew 21% to $7.336 billion. The growth in 2017 compares to 17.4% growth in 
2016 ǿƘŜƴ ǘƘŜ ƛƴŘǳǎǘǊȅ ǊŜŀŎƘŜŘ ϷсΦлсо ōƛƭƭƛƻƴ ŀƴŘ нрΦф҈ ƎǊƻǿǘƘ ƛƴ нлмрΧ ¢ƘŜ ǘƻǘŀƭ ƛƴŘǳǎǘǊȅ ŜǎǘƛƳŀǘŜ 
of $7.336 billion excludes internal investments from the likes of Airbus, Adidas, Ford, Toyota, Stryker, 
and hundreds of other companies, both large and small. A surprising number of the $1-5 billion 
companies ς many of which are unfamiliar to most of us ς are investing in AM R&D (research and 
ŘŜǾŜƭƻǇƳŜƴǘύΦέ This demonstrate that this is not a market segment that is declining, as shown in 
Figure 4.1, Additive manufacturing is poised to grow at a rate of 15.0% (CAGR, 2015ς2025)19 

 

Figure 4.1: 3D Printing Market Potential (Source: Frost & Sullivan) 

Advancements in additive manufacturing technology have expanded its applications across 
various industries; however, the challenge for companies is understanding how progress can impact 
existing business functions. Furthermore, as the adoption of the technology grows, the value and 
potential of AM for promising applications can vary from one sector to another. 

Adoption of AM has been highest in industries where its higher production costs are 
outweighed by the additional value AM can generate: improved product functionality, higher 
production efficiency, greater customization, shorter time to market (that is, improved service levels), 
and reduced obsolescence, particularly in asset-heavy industries. Engineering-intensive businesses 
such as aerospace, automotive, and medical can accelerate prototyping, allowing them to explore 
completely new design features or create fully individualized products at no extra cost. High-
value/lower-volume businesses see faster, more flexible manufacturing processes, with fewer parts 
involved, less material wasted, reduced assembly time for complex components, and even materials 
with completely new properties created. Finally, spare-parts-intensive businesses in fields such as 
maintenance, repair, and overhaul get freedom from obsolete parts, faster time to market, more local 
and on-demand production opportunities, and independence from traditional suppliers20. 

The AM-Motion roadmap focus in particular on the following top-level sectors: 

                                                           

18 Wohlers, T. &. (2018). Wohlers Report. Colorado: Wohlers Associates Inc. 
19 Frost & Sullivan's Global 360° Research Team (May 2016), Global Additive Manufacturing Market, Forecast to 2025, Frost & Sullivan, 
Mountain View, California 
20 Jörg Bromberger and Richard Kelly , Additive manufacturing: A long-term game changer for manufacturers, September 2017  

https://www.mckinsey.com/business-functions/operations/our-insights/additive-manufacturing-a-long-term-game-changer-for-manufacturers
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Figure 4.2: AM-Motion key sectors 

 

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

4.1. Health 

IŜŀƭǘƘ ƛǎ ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ǾŀƭǳŀōƭŜ ŀǎǇŜŎǘǎ ƻŦ ŀƴȅƻƴŜΩǎ life, which makes this sector one of the 
world's largest and fastest-growing industries, consuming over 10% of gross domestic product (GDP) 
of most developed nations. Healthcare applications accounted for 12.2% of the related revenue for 
their AM market21 with a share that will likely reach $450m by 202022. Equally, the medical sector has 
seen 25% compound growth in the AM market every year since 200923.  

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

 

Figure 4.3: 3D printed acetabular cups with integrated Trabecular Structures for improved osseointegration 
(Source www.arcam.com) 

Moreover, AM is being used for the creation of assistive, surgical and prosthetic devices and 
customised implants, with a typical focus on non-standard, complex or accuracy sensitive cases, where 

                                                           

21 Wohlers, T. &. (2016). Wohlers Report. Colorado: Wohlers Associates Inc.   
22 Global metal additive manufacturing market 2016-2020 Technavio Inifiniti Research Limited 2015   
23http://www.medicalplasticsnews.com/why-is-2016-the-year-for-additive-manufacturing-in-the-medic/  

http://www.arcam.com/
http://www.medicalplasticsnews.com/why-is-2016-the-year-for-additive-manufacturing-in-the-medic/
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models for pre-analysis and for practicing the actual surgery are also developed;. Here AM is able to 
bring significant improvements due to the nature of the process that allows for complex parts to be 
produced accurately and to the patieƴǘΩǎ ǎǇŜŎƛŦƛŎ ƴŜŜŘǎ ŀƴŘ ǇǊƻŦƛƭŜΦ Thus, reducing the removal of 
healthy bone, eliminating the need for bone grafting whilst promoting effective planning of 
implantation/surgery and shortening the time of anaesthesia and increasing implant life particularly 
in an era of an ageing population24. 

Current research interests also focus in bio-printing of skins and organs, including the 
production of bone and cartilage scaffolds. Although still in its infancy, 3D bio-printing offers additional 
advantages over the traditional regenerative method, particularly in bone and scaffold regeneration, 
such as highly precise cell placement and high digital control of speed, resolution, cell concentration 
and drop volume25. 

Other growing areas of focus in this sector are also well-being (including pharma) and food, 
where the key drivers are the possibility for personalisation, rapid experimentation, on demand supply 
and of having novel functions and forms, offered by these technologies. 

On the other hand, products for use in the health sector are often critical and need to meet 
very high standards regarding reliability, safety, bio-compatibility and require certification (e.g. CE 
mark according EEC/93/42 for Europe or US food and drug administration (FDA-approval for USA)), 
which slows down the utilisation of new technologies and especially materials. 

There are a number of key drivers for the healthcare sector to adopt AM and hence increase 
the potential impact. These include: 

¶ Personalisation 

¶ Mass customisation 

¶ Efficient bio-compatibility 

¶ Promotion of healthy bone ingrowth after surgery 

¶ Integration of medicine and healthcare through digital innovation 

¶ Increased efficiency of supply chain 

¶ Reduced lead time 

¶ Quicker response times 

  

                                                           

24 Wohlers, T. &. (2016). Wohlers Report. Colorado: Wohlers Associates Inc.   
25 Vincent Bonneau & Hao Yi, IDATE; Laurent Probst, Bertrand Pedersen & Olivia-Kelly Lonkeu, PwC (January 2017), The disruptive nature of 
3D printing, EC - Digital Transformation Monitor 

https://ec.europa.eu/growth/tools-databases/dem/monitor/sites/default/files/DTM_The%20disruptive%20nature%20of%203D%20printing%20v1.pdf
https://ec.europa.eu/growth/tools-databases/dem/monitor/sites/default/files/DTM_The%20disruptive%20nature%20of%203D%20printing%20v1.pdf
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 Target Products 

In the Health sector there are a number of key innovative AM products. As shown in 4.4, eight 
main product groups were identified. The detailed list of products for each group is reported in Table 
4.1. 

 

Figure 4.4: Health key product groups 

Table 4.1: HEALTH - Detailed list of key innovative products 

 

 

 Regional Capabilities 

According to the AM-motion mapping exercise of 18 European regions, the health industry 
appears as one of the sector where most of the regions apply AM to one extent or another. Key players 
from the regions Asturias, Valencia, Basque Country, Catalonia, Flanders, Normandy, Noord-Brabant, 
East Wales, Thüringen and Norte are involved with AM in the health sector. 
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Moreover, within the Vanguard 3DP pilot26, a Health demo case project was proposed by 
Emilia Romagna region (Italy). Current interested regions are: Saxony and Nordrhein-Westfalen 
(Germany), East Netherlands (the Netherlands), Wallonia and Flanders (Belgium) and Emilia Romagna 
(Italy). The case aims at developing cross regional demonstration activities in the fields of 3D printed 
external orthosis and internal implants/prostheses. In the long term, the main objective seeks to 
demonstrate the feasibility, the value, the sustainability and the efficacy, as well as safety, of the 3DP 
technology once applied to medical problems. 

Here below (Figure 4.5) is reported a map showing the national and regional activity (based 
on number of projects) in the Health sector. Germany, France, UK and Spain are the countries with 
higher number of projects related to the health sector. In Germany half of the listed projects focus on 
dental products, while in France different projects are related to bioprinting for bone tissue. In 
addition, a couple of projects from Spain focus on bioprinted scaffolds and osseointegration, with 
attention to 3D printed food. Projects from UK deal more on optimization of materials and processes.  

 

Figure 4.5: HEALTH - Map of National and Regional Projects 

The complete list of national and regional projects divided by country can be found in ANNEX B. 

                                                           

26 https://s3vanguardinitiative.eu/cooperations/high-performance-production-through-3d-printing;   
https://www.s3vanguardinitiative.eu/sites/default/files/docs/general/vanguard_initiative_flyer_3dp_0_002_0.pdf   

https://s3vanguardinitiative.eu/cooperations/high-performance-production-through-3d-printing
https://www.s3vanguardinitiative.eu/sites/default/files/docs/general/vanguard_initiative_flyer_3dp_0_002_0.pdf
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4.2. Aerospace 

The Aerospace sector has been one of the early adopters of 3D printing. According to the 
Wohlers report this industrial sector has grown by 4.3% in 2015 and is the second largest sector for 
AM27. Currently represents about 16% of the global AM market28 with a share that is predicted to 
reach $1bn by 202129. The aerospace industry includes design, manufacturing and operation of 
aircrafts and spacecrafts. Many examples of niche components being made and supplied using various 
forms of AM30 are available, this is mainly owing to the advantages AM provides in terms of reducing 
the weight of the components without sacrificing their performance, and reducing the buy-to-fly ratio. 
By utilizing topological optimisation and other digital modelling tools new materials and digital 
manufacturing, parts can be designed to be much lighter but still present equal or even better 
performance(an example is shown in Figure 4.6),. 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 means31. 

   

Figure 4.6: Topology optimization of structural hinge and manufacturing in Titanium (courtesy of PRODINTEC) 

The main focus markets of AM in this sector are engines and aircrafts interior parts, this is also 
demonstrated by last years significantly growing number of projects in pre-production and flight 
testing for aircraft engine manufacturingΦ hǘƘŜǊ ŀǇǇƭƛŎŀǘƛƻƴǎΣ ǎǳŎƘ ŀǎ ¦!±Ωǎ ǇŀǊǘǎ ŀǊŜ ŀƭǎƻ Ŧŀǎǘ ƎǊƻǿƛƴƎ 
markets.  

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

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

¶ Light weighting 

¶ Energy usage (improved fuel efficiency) 

¶ 5ŜǎƛƎƴ ŦǊŜŜŘƻƳ ΨƴŜǿΩ ƻǊ ΨƻǇǘƛƳƛǎŜŘΩ 

                                                           

27 Wohlers, T. &. (2016). Wohlers Report. Colorado: Wohlers Associates Inc.   
28 DeSilva, R. (2015, November). Debunking the myths of Additive Manufacturing. Retrieved July 22, 2016, from Additive Manufacturing 
Summit: http://www.additivemanufacturingsummit.com/media/1003367/34746.pdf    
29 Smartech. (2014, August ). Additive Manufacturing in Aerospace: Strategic Implications. Retrieved July 22, 2016, from Smartech 
Publishing : https://www.smartechpublishing.com/images/uploads/general/AerospaceWP.pdf    
30 Additive Manufacturing Platform. (2014). Additive Manufacturing Strategic Research Agenda. Brussels : Additive Manufacturing 
Platform.   
31 IDEA Consult, VTT Technical Research Centre of Finland Ltd, AIT Austrian Institute of Technology and CECIMO (2016). Report on 3D-
printing: Current and future application areas, existing industrial value chains and missing competences in the EU 
https://ec.europa.eu/growth/content/report-3d-printing-current-and-future-application-areas-existing-industrial-value-chains-0_en  

http://www.additivemanufacturingsummit.com/media/1003367/34746.pdf
https://www.smartechpublishing.com/images/uploads/general/AerospaceWP.pdf
https://ec.europa.eu/growth/content/report-3d-printing-current-and-future-application-areas-existing-industrial-value-chains-0_en
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¶ Life cycle cost 

¶ Life time extension 

¶ Reducing the buy-to-fly ratio 

¶ Utilisation of materials 

¶ Performance of materials 

¶ Reduction of time to design and test and validate an aero engine 

¶ Validation in full scale engine tests 

¶ Increased efficiency of supply chain 

¶ Production efficiency 

¶ Simplified assembly process 

In the longer term, AM has real potential also for the space industry. In this sense, The 

European Space Agency (ESA) began to study the potential applicability of AM technology32. A 
roadmap, covering around 30 types of AM parts that would strongly benefit from being manufactured 
using AM and the entire end-to-end AM process, from initial modelling and design of items to material 
supply and processing and post-processing stages to qualification and standardisation, has been 
produced by them. Standardisation is a key element is for space. To give mission managers sufficient 
confidence in 3D-printed parts, methods need to be in place to ensure that these items perform to a 
benchmarked, repeatable standard. 

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

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

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

  

                                                           

32 http://www.esa.int/Our_Activities/Space_Engineering_Technology/Advanced_Manufacturing ; 
http://www.esa.int/Our_Activities/Space_Engineering_Technology/Ten_ways_3D_printing_could_change_space  

http://www.esa.int/Our_Activities/Space_Engineering_Technology/Advanced_Manufacturing
http://www.esa.int/Our_Activities/Space_Engineering_Technology/Ten_ways_3D_printing_could_change_space
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 Target Products 

In the Aerospace sector there are a number of key innovative AM products. As shown in 
Figure 4.7, nine main product groups where identified. The detailed list of products for each group is 
reported in Table 4.2 

 

Figure 4.7: Aerospace key product groups 

 

Table 4.2: AEROSPACE - Detailed list of key innovative products 
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 Regional Capabilities 

Equal to the health sector, the large majority of regions use AM in the aerospace sector. 14 of 
the regions, among which Catalonia, Emilia-Romagna, Flanders, Auvergne-Rhône Alpes, Norte, 
Thüringen, East Wales, Aragon as well as Basque Country mention this as one of their dominant 
sectors where AM is already used. Only Tampere, Navarra and Valencia are not including this as a 
dominant AM sector. 

Here below (Figure 4.8) is reported a map showing the national and regional activity (based 
on number of projects) in the Aerospace sector. 

As already anticipated, the Aerospace sector is one of the dominant in the AM industry, and 
this is also demonstrated by the overall number of listed national and regional projects focusing on 
the sector (about 18% of the total and second only to Industrial Equipment and Tooling). 

The countries with a higher number of related projects are Germany, France and UK, all 
focusing mainly on optimisation of processes for the development of high performances parts and 
hybrid manufacturing for large components. 

 

 

Figure 4.8: AEROSPACE - Map of National and Regional Projects 

The complete list of national and regional projects divided by country can be found in ANNEX B. 
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4.3. Automotive 

Automakers have been using AM for almost three decades, and today are progressing to a 
variety of applications, ranging from design, development, tooling and rapid manufacturing. The 
industry is the third largest sector for AM as reported by Wohlers33 and it is poised to become a $4.30 
Billion global business by 202534. 

Rapid prototyping has historically been the most common use of 3D technology within the 
automotive sector. The industry has in fact used 3D printers mostly in the pre-production stage, 
making prototypes/ concept models (an example is shown in Figure 4.9) but also small and complex 
parts for luxury and antique cars.  

 

Figure 4.9: The concept model for a Citroen interior (Courtesy of Materialise) 

The sector is much heavily dependent on mass production of parts, which are significantly 
cheaper using traditional manufacturing methods, therefore a widespread adoption of metal AM has 
not yet occurred in the industry. Because of this limitation, the most relevant applications for metal 
3D printing technologies in the automotive industry are for high-end car manufacturers. 

On the other hand, thanks to the significant developments made in AM technology the 
industry has grown and is now utilising the benefits of AM in new ways. More companies are in fact 
adopting 3D printing for jigs and fixtures, lowering costs, providing lighter and more ergonomic tools, 
and more. Furthermore, it has shown a consistent reduction in lead-time by 40% to 90% and cost 
reduction up to 60%. 3D printing tooling also allows design teams to save time because they can be 
more responsive with the ability to create one-off custom components.35 

The safety requirements on automotive parts are very high as well as other requirements on 
strength, lightweight and costs while the series often are very large. It must be taken into account that 
about 20 years ago, the roof-strength requirement to resist rollover crush was roughly the weight of 
the vehicle. Today, rollover strength is about four times the gross vehicle weight. AM technology could 
help in this context thanks to topographical optimization, creating parts with maximum strength using 
minimum weight and material.  

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

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

                                                           

33 Wohlers, T. &. (2016). Wohlers Report. Colorado: Wohlers Associates Inc.   
34 Frost & Sullivan's Global 360° Research Team (May 2016), Global Additive Manufacturing Market, Forecast to 2025, Frost & Sullivan, 
Mountain View, California 
35 How 3D Printing Is Changing Auto Manufacturing, MachineDesign (Nov14, 2016) http://www.machinedesign.com/3d-printing/how-3d-
printing-changing-auto-manufacturing  

http://www.machinedesign.com/3d-printing/how-3d-printing-changing-auto-manufacturing
http://www.machinedesign.com/3d-printing/how-3d-printing-changing-auto-manufacturing
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¶ (Functional) prototyping 

¶ Light weighting 

¶ Design freedom 

¶ Increased efficiency of supply chain 

¶ Increased quality, reliability and reproducibility 

¶ Reducing vehicle carbon emissions 

¶ Cost effectiveness 

In conclusion, the typical large series envisaged in automotive have a negative impact on the 
cost effectiveness of 3D-printed components. In assembly tooling and other manufacturing aids 
however, this is not a problem and the automotive industry is an early adopter of 3D-printing in these 
application. 

 Target Products 

In the Automotive sector there are a number of key innovative AM products. As shown in Figure 4.10, 
six main product group where identified. The detailed list of products for each group is reported in 
Table 4.3. 

 

Figure 4.10: Automotive Key Product Groups 
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Table 4.3: AUTOMOTIVE - Detailed list of key innovative products 

 

 Regional Capabilities 

The automotive industry appears as the sector where most of the regions - including Castilla 
y León (Spain), Normandy and Auvergne-Rhône Alpes (France), Noord-Brabant (Netherlands), 
Thüringen (Germany), Västra Götaland (Sweden), East Wales (United Kingdom), as well as Asturias, 
Navarra and Valencia (Spain)- apply AM to one extent or another. The only two regions not 
categorising the automotive as a dominant AMs sector are Tampere (Finland) and Occitane (France). 

In the Vanguard Initiative36, the 3DP demo case on άо5-tǊƛƴǘŜŘ IȅōǊƛŘ /ƻƳǇƻƴŜƴǘǎέ focuses 
on automotive as the main target market (another secondary market is aerospace). The Lead Partner 
of such demo case is Emilia Romagna (Italy). Participating/co-leading regions are: Aragona (Spain), 
Norte (Portugal), Baden Wurttenberg and Saxony (Germany), Lombardy (Italy), Auvergne-Rhône Alpes 
(France) and Orebro Lan (Sweden)  

Moreover, the 3DP Vanguard demo case άо5-tǊƛƴǘŜŘ ŀǳǘƻƳƻǘƛǾŜ ŎƻƳǇƻƴŜƴǘǎέ focuses on the 
development of AM large and complex components, targeting specifically the automotive sector, but 
with applications also in aeronautics, shipbuilding and railway construction sectors. The leader region 
is Aragon (Spain). Participating/co-leading regions are: Emilia Romagna, Lombardy and Piemonte 
(Italy), Norte (Portugal), Baden-Wurttemberg, Thuringia and Northrine Westphalia (Germany), 
Asturias, País Vasco and Madrid (Spain), Cambridgeshire, Gloucestershire Berkshire and Warwickshire 
(United Kingdom), Bucharest-Ilfov (Romania), Aargau and Alpnach (Switzerland) Brussels Capital 
(Belgium), Attica (Greece) and Luxembourg (Luxembourg). Here below (Figure 4.11) is reported a map 
showing the national and regional activity (based on number of projects) in the Automotive sector. 

Germany, Portugal and UK are the countries with higher number of projects related to the 
ŀǳǘƻƳƻǘƛǾŜ ǎŜŎǘƻǊΦ !ǎ ŦƻǊ ǘƘŜ ŀŜǊƻǎǇŀŎŜ ǎŜŎǘƻǊ DŜǊƳŀƴȅ ŀƴŘ ¦Y ǇǊƻƧŜŎǘǎΩ ŦƻŎǳǎ Ƴŀƛƴƭȅ ƻǇǘƛƳƛǎŀǘƛƻƴ 

                                                           

36 https://s3vanguardinitiative.eu/cooperations/high-performance-production-through-3d-printing;   
https://www.s3vanguardinitiative.eu/sites/default/files/docs/general/vanguard_initiative_flyer_3dp_0_002_0.pdf   

https://s3vanguardinitiative.eu/cooperations/high-performance-production-through-3d-printing
https://www.s3vanguardinitiative.eu/sites/default/files/docs/general/vanguard_initiative_flyer_3dp_0_002_0.pdf
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ƻŦ ǇǊƻŎŜǎǎŜǎ ŦƻǊ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƘƛƎƘ ǇŜǊŦƻǊƳŀƴŎŜǎ ǇŀǊǘǎΣ ǿƘƛƭŜ ǇǊƻƧŜŎǘǎΩ ŦǊƻƳ tƻǊǘǳƎŀƭ ŘŜŀƭ ǿƛǘƘ 
rapid prototyping in general. 

 

Figure 4.11: AUTOMOTIVE - Map of National and Regional Projects 

The complete list of national and regional projects divided by country can be found in ANNEX B. 

4.4. Consumer Goods and Electronics 

Consumer goods and electronics is the fourth largest sectors using AM. Revenue from 3D-
printed electronics and consumer products accounted for 13% of the AM industry, with a share of 
$681 million, in 201537. 

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

Although making prototypes remains the main use of additive fabrication, the technology has 
ƛƴŎǊŜŀǎƛƴƎƭȅ ǎǇǊŜŀŘ ƛƴǘƻ ΨǊŀǇƛŘ ƳŀƴǳŦŀŎǘǳǊƛƴƎΩΦ о5t ƛǎ ŎŀǇŀōƭŜ ƻŦ ŎǊŜŀǘƛƴƎ ƛƴǘǊƛŎŀǘŜ ŘŜǎƛƎƴ ƻǊ ƎŜƻƳŜǘǊƛŎ 
free structure, enabling artists, designers, jewellers and fashion designers to make one off bespoke 
pieces38(Figure 4.12). In addition, AM opens a door to offer mass customization at lower cost. 
Moreover, additive manufacturing enables companies to build nonstandard electronics, complex 
assemblies, and intricate or curvilinear shapes. In this way, AM designers are free to design innovative 

                                                           

37 Wohlers, T. &. (2016). Wohlers Report. Colorado: Wohlers Associates Inc 
38 Scudamore, R. J. (2015). POSITIONING PAPER:The Case for Additive Manufacturing. UK: AM Strategy Development Group. Sheffield   
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electronic objects that could not have been produced through conventional means, and they can 
optimize product designs for functionality with fewer manufacturing constraints.39 

 

Figure 4.12: Stool named OneShot by the designer Patrick Jouin for MGX by Materialise. 

A new market that is currently adopting AM and the possibility for mass customisation is in 
eyewear. Spectacles have an enormous impact on the look of the person wearing them. Not 
surprisingly, the fashion industry plays an important role within this market. It was only a matter of 
time for AM to break into this market. Furthermore, the adoption of CAD software among designers 
is opening the way to AM for manufacturing in the jewellery sector. Annual revenues from 3D-printed 
hardware, materials, services and software used in the jewellery industry is expected to reach $900 
Million in 202640. 

 

There are a number of key drivers for the consumer goods/electronic sector for the adoption 
and development of AM and hence potential areas of impact: 

¶ Tailored products 

¶ Customisation 

¶ Increased efficiency of supply chain 

¶ Increased functionality 

¶ Enhanced materials 

¶ Sustainability of raw materials 

¶ Higher demand for colourful items 

¶ Demand for innovative products 

 

 

  

                                                           

39 M. Mahto, B. Sniderman, 3D opportunity for electroni. Deloitte Insights https://www2.deloitte.com/insights/us/en/focus/3d-
opportunity/additive-manufacturing-3d-printed-electronics.html#endnote-sup-11  
40 SmarTech PublishingΣ ά3D Printing Opportunities in the Jewelry Industry ς 2017:  An Opportunity Analysis and Ten-Year Forecastέ 
https://www.smartechpublishing.com/reports/3dp-jewelry-industry/  

https://www2.deloitte.com/insights/us/en/focus/3d-opportunity/additive-manufacturing-3d-printed-electronics.html#endnote-sup-11
https://www2.deloitte.com/insights/us/en/focus/3d-opportunity/additive-manufacturing-3d-printed-electronics.html#endnote-sup-11
https://www.smartechpublishing.com/reports/3dp-jewelry-industry/
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 Target Products 

In the Consumer and Electronics sector there are a number of key innovative AM products. As shown 
in Figure 4.13, nine main product group where identified. The detailed list of products for each group 

is reported in Table 4.4. 

 

 

Figure 4.13: Consumer Goods and Electronics Key Product Groups 

 

Table 4.4: CONSUMER GOODS AND ELECTRONICS - Detailed list of key innovative products 
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 Regional Capabilities 

In terms of AM used in the crafting consumer goods, a large number of the regions are active 
in this field, including Castilla y León, Asturias, Valencia, Navarra, Basque Country and Catalonia (Spain) 
Auvergne-Rhône Alpes and Normandy (France), Tampere (Finland), East Wales (United Kingdom), 
Thüringen (Germany( and Norte (Portugal). 

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

In the Vanguard Initiative41, the 3DP demo case on ά/ǊŜŀǘƛǾŜ ƛƴŘǳǎǘǊƛŜǎ - Mass-customized 
ŎƻƴǎǳƳŜǊ ǇǊƻŘǳŎǘǎέ is at its infancy and aims at working on cross-regional cooperation in the areas of 
furniture/toys, footwear, wearables, etc. The lead region is Norte (Portugal) with co-leading regions 
such as Lombardy (Italy) and Catalonia (Spain). 

Moreover, the recently identified Vanguard demo case άо5t ƛƴ ¢ŜȄǘƛƭŜέ is planned to be 
focused on Fused deposition modelling (FDM) on Fabrics. The lead region is Lombardy (Italy) with co-
leading regions such as Flanders (Belgium) and Nord-Pas-de-Calais (France). 

 The only three regions not categorising the consumer goods as a dominant AMs sector are 
Emilia Romagna (Italy), Västra Götaland (Sweden) and Occitane (France). 

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

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

                                                           

41 https://s3vanguardinitiative.eu/cooperations/high-performance-production-through-3d-printing;   
https://www.s3vanguardinitiative.eu/sites/default/files/docs/general/vanguard_initiative_flyer_3dp_0_002_0.pdf   

https://s3vanguardinitiative.eu/cooperations/high-performance-production-through-3d-printing
https://www.s3vanguardinitiative.eu/sites/default/files/docs/general/vanguard_initiative_flyer_3dp_0_002_0.pdf
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Figure 4.14: CONSUMER GOODS AND ELECTRONICS - Map of National and Regional Projects 

The complete list of national and regional projects divided by country can be found in ANNEX B. 

4.5. Industrial Equipment and Tooling 

This sector includes industrial and business machines as well as all kinds of tooling. According 
to the Wohlers ǊŜǇƻǊǘ ƛǘΩǎ ǘƘŜ ƭŀǊƎŜǎǘ !a ǎŜŎǘƻǊ ŀŎŎƻǳƴǘƛƴƎ ŦƻǊ ƴŜŀǊƭȅ нл҈ ƻŦ !a ǊŜƭŀǘŜŘ ǊŜǾŜƴǳŜΦ  

AM industrial equipment is a significant sector and a growing one for the European market. In 
March 2016, as many as 28 companies in Europe were manufacturing and selling AM equipment. Eight 
of these are metal powder bed fusion system manufacturers. Wohlers reports industrial machines as 
those selling for more than $5,000 which aims to ǇǊƻǾƛŘŜ ǘƘŜ ŘƛǎǘƛƴŎǘƛƻƴ ōŜǘǿŜŜƴ ΨƛƴŘǳǎǘǊƛŀƭΩ ŀƴŘ 
ΨŘŜǎƪǘƻǇΩΦ ²ƛǘƘƛƴ 9ǳǊƻǇŜ ǘƘŜǎŜ ŜǉǳƛǇƳŜƴǘ ƳŀƴǳŦŀŎǘǳǊŜǊǎ ƛƴŎƭǳŘŜ !w/!aΣ {ǿŜŘŜƴ όŀŎǉǳƛǊŜŘ ōȅ D9ύΤ 
Concept Laser, Germany (75% acquired by GE); DWS, Italy; Envisiontec GmbH, Germany; EOS, 
Germany; Lithoz, Austria; Mcor, Ireland; Prodways, France; Realizer, Germany (acquired by DMG 
MORI); Renishaw, UK; Sisma, Italy; SLM Solutions, Germany; Trumpf, Germany and Voxeljet, 
Germany42. Many of these companies are also developing new AM systems to bring to the market. A 
total of 12,558 industrial systems unit sales were estimated worldwide during 2015. In 2015, Europe 
position in system unit sales grew to 31.7% in 2015. 

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

                                                           

42 Wohlers, T. &. (2016). Wohlers Report. Colorado: Wohlers Associates Inc.   
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equipment needs to operate at very high temperatures (e.g. burners) and internal cooling channels 
are able to cool the parts improving the life span of the parts and the mechanical properties of the 
part when operating at these high temperatures. Product examples are special heat exchangers and 
ƳŀƴƛŦƻƭŘǎ ŦƻǊ ǘƘŜ ǇǊƻŎŜǎǎ ƛƴŘǳǎǘǊȅΣ Ǌƻōƻǘ ƎǊƛǇǇŜǊǎ ŀƴŘ ǘŜǎǘ ǊƛƎǎΦ !ƴ ŜȄŀƳǇƭŜ ƻŦ ŀ ǎǇŜŎƛŀƭ ΨƘŜŀǘ 
exchangeǊΩ όŎƻƻƭƛƴƎ ǇƭŀǘŜύ ƛǎ ƎƛǾŜƴ ōŜƭƻǿ in Figure 4.15: Cooling plate-Thermal stabilised table by 
means of free form cooling structure (source TNO). The cooling plate is equipped with a grid of thermal 
pixels each having individual supply of cooling liquid that can keep the temperature gradient of the 
plate within very narrow limits. 

 

Figure 4.15: Cooling plate-Thermal stabilised table by means of free form cooling structure (source TNO) 

 

As a secondary service market, tooling produced using AM grew from 13.1% to $1.859 billion 
in 201543. As a horizontal industry, tooling is a major industrial sector producing endless products to 
be assembled using various jigs, fixtures and moulds. To produce these parts conventional CNC 
machining is widely used, however these techniques can be expensive with long lead times. This is 
where more manufacturers are now looking to AM for a more cost effective method particularly for 
producing low volume or one off complex parts. Equally, this opens the opportunity for improving 
tooling design which in turn offer improved functionality of the products produced. 

 Target Products 

In the Industrial Equipment and Tooling sector there are a number of key innovative AM products 
including industrial equipment itself. As shown in Figure 4.16, nine main product groups where 

identified. The detailed list of products for each group is reported in Table 4.5. 

 

Figure 4.16: Industrial Equipment and Tooling Key Product Groups 

 

 

 

                                                           

43 Wohlers Report 2016: 3D Printing and AM state of the industry. Annual worldwide progress report.   
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Table 4.5: IND. EQUIPMENT AND TOOLING - Detailed list of key innovative products 

 

 Regional Capabilities 

AM is also used extensively in the crafting of industrial equipment and tools, and is 
subsequently a dominant sector for 13 of the regions, including for Asturias, Castilla y León and 
Catalonia and Basque Country (Spain), Emilia-Romagna (Italy), Flanders (Belgium), Occitanie and 
Auvergne-Rhône Alpes (France), Noord-Brabant (The Netherlands), Tampere (Finland), Thüringen 
(Germany) and Norte (Portugal).  

In Noord-Brabant the sector is supported by the availability of industrial machine builders, 
while in Emilia-Romagna all relevant companies are equipped with AM machinery for prototyping, 
which has led to the region placing a growing focus on applying AM in the tooling and spare part 
business. In Auvergne-Rhône Alpes 40 of the key actors identified specified that they work with AM 
within the industrial equipment and tooling sector. Furthermore, eight of the actors are focused only 
on industrial equipment and tooling. 

In the Vanguard Initiative44, the 3DP demo case άaŀŎƘƛƴŜǊȅΣ ¢ƻƻƭƛƴƎ ŀƴŘ /ƻƳǇƭŜȄ {ƘŀǇŜǎέ is 
a European network of experience, competences and resources covering all aspects of AM, from 
redesign to pre-production, supporting with tangible facts the technical and economical validation on 
real life applications. The platform is focused on mature AM technologies implementation. The lead 
region is Wallonia (Belgium), with participant regions such as Lombardy and Trentino (Italy) , Aragon 
and  Catalonia (Spain), Norte (Portugal) , Tampere (Finland), Auvergne-Rhône Alpes (France), South 
Netherlands (the Netherlands).  

                                                           

44 https://s3vanguardinitiative.eu/cooperations/high-performance-production-through-3d-printing;   
https://www.s3vanguardinitiative.eu/sites/default/files/docs/general/vanguard_initiative_flyer_3dp_0_002_0.pdf   

https://s3vanguardinitiative.eu/cooperations/high-performance-production-through-3d-printing
https://www.s3vanguardinitiative.eu/sites/default/files/docs/general/vanguard_initiative_flyer_3dp_0_002_0.pdf
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Another Vanguard 3DP demo case relevant for the analysed sector is the one entitled 
ά!ŘŘƛǘƛǾŜ-{ǳōǘǊŀŎǘƛǾŜ ǇƭŀǘŦƻǊƳέ, which aims at integrating additive & subtractive technology 
production flows to enable a quick, professional analysis of several production process set-ups by the 
participating companies. The objective is to develop a digitally connected network of pilot lines / 
production hubs able to produce in a cost effective way one piece or small product series with an 
extreme high precision, high finish and added value, combining additive and subtractive technologies. 
The lead region South-Netherlands (the Netherlands), with participant regions such as Baden-
Württemberg and Saxony (Germany), Emilia-Romagna, Lombardy and Trentino (Italy) and Flanders 
(Belgium).  

Here below (Figure 4.17) is reported a map showing the national and regional activity (based 
on number of projects) in the Industrial Equipment and Tooling sector. 

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

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

 

Figure 4.17: IND. EQUIPMENT AND TOOLING - Map of National and Regional Projects 

The complete list of national and regional projects divided by country can be found in ANNEX B. 
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4.6. Construction 

Additive manufacturing is gaining ground in the construction industry, manly owing to the 
potential to improve on current construction methods. The construction industry has been recognized 
as one industry that consumes considerable amount of resources and poses significant environmental 
stresses. Over the past few decades, studies on construction innovations have been conducted to 
address the productivity, environmental, and other issues in terms of two forms. One form of 
construction innovations is a response to external needs (e.g. the clientsΩ needs) and the other form 
of construction innovations originates from other industries. However, the main emphasis for 
innovation strategy in the construction industry is to use technology from elsewhere to reinforce other 
competitive advantages45. 

Freedom of forms, unconventional buildings, curves, innovative designs and personalized 
creations are some of the features that AM can bring to this sector. In construction virtually every 
wall, floor, panel, partition, structure and facade is unique in dimension, which means either standard 
sized materials are cut down to fit, or bespoke moulds are created to form each component. In the 
latter case economies of scale drive the need to design multiple copies of identical elements on a 
project. There is a clear cost-based opportunity to save time and materials by reducing waste and the 
need for formwork/mould making. There is also significant potential to reduce the quantity of 
ƳŀǘŜǊƛŀƭǎ ǳǎŜŘ ǘƘǊƻǳƎƘ ƻǇǘƛƳƛǎŀǘƛƻƴ ƻŦ ŦƻǊƳ ŀƴŘ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ŀŘŘƛǘƛƻƴŀƭ ΨŜƴƎƛƴŜŜǊƛƴƎ 
ŦǳƴŎǘƛƻƴΩ ǿƛǘƘƛƴ ŎƻƳǇƻƴŜƴǘǎΦ ¢ƘŜ ŎƻƳǇǳǘŀǘƛƻƴŀƭ ŘŜǎƛƎƴ ŜƴǾƛǊƻƴƳŜƴǘ ǇǊƻƳƛǎŜǎ ǘƘŜ ŦǊŜŜŘƻƳ ǘƻ design 
around individuals and the environment. Furthermore, AM may remove the need for replication of 
components, giving designers freedom to make each part unique46. 

A complicating factor for application of 3D-printing in the construction area is that the 
requirements in this sector are tough with respect to e.g. durability (typical required life span 50 
years), safety and strength (compressive stress) while some parts of the building are exposed to 
outside weather conditions and heavy loads. Another issue is the sizes of buildings. These are often in 
the range of tenths of meters, which is enormous compared with the building area of most traditional 
3D-printers that have working areas in the range of e.g. 300 mm. This means that the volume of 
workpiece mateǊƛŀƭ ǳǎŜŘ ƛƴ ōǳƛƭŘƛƴƎǎ Ŏŀƴ ōŜ ƛƴ ǘƘŜ ƻǊŘŜǊ ƻŦ м Ƴƛƭƭƛƻƴ ƘƛƎƘŜǊ ŎƻƳǇŀǊŜŘ ǘƻ ΨǘǊŀŘƛǘƛƻƴŀƭΩ 
parts produced by AM. Developments concerning these issues are already taken place.  

Experimental applications of AM in the construction industry started appearing in the late 
1990's47. These initial proof-of- concept applications helped identify potential benefits and challenges 
for AM technologies in construction. Currently there are three large-scale AM processes targeted at 
construction and architecture in the public domain, namely: Contour Crafting48, D-Shape49 and 
Concrete Printing50. All three have proven the successful manufacture of components of significant 
size and are suitable for construction and/or architectural applications. 

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

¶ Manufacturing of new structures, complex shapes, integrated channels with flexibility and 

adaptability: 

¶ To build more accurately and with a better final appearance 

                                                           

45 Wu, P., Wang, J. & Wang, X. Automation in Construction, A critical review of the use of 3-D printing in the construction industry, Autom. 
Constr. (2016) 
46 Lim, S. et al. Developments in construction-scale additive manufacturing processes. Autom. Constr. 21, 262ς268 (2012).   
47 Pegna, J. Exploratory investigation of solid freeform construction., 427ς437 (1997). 
48 B. Khoshnevis, D. Hwang, K. Yao, Z. Yeh, Mega-scale fabrication by contour crafting, International journal of Industrial and System 
Engineering Vol 1 (no. 3) (2006) 301ς320 
49 D-Shape Technology. Available at: http://d-shape.com/what-is-it/.  
50 Freek Bos, Rob Wolfs, Zeeshan Ahmed & Theo Salet (2016) Additive manufacturing of concrete in construction: potentials and challenges 
of 3D concrete printing, Virtual and Physical Prototyping, 11:3, 209-225. https://doi.org/10.1080/17452759.2016.1209867  

https://doi.org/10.1080/17452759.2016.1209867
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¶ Pollution reduction and consumption of natural goods. 

¶ Decreasing energy consumption and waste products obtained while manufacturing. 

¶ Decreasing of the manufacturing and production time, with a manufacturing processes 

automation, obtaining by this way functional structures faster with a lower cost. 

¶ 5ŜŎǊŜŀǎƛƴƎ ƻŦ ƭŀōƻǳǊŜǊΩǎ ŀŎŎƛŘŜƴǘ ƘŀȊŀǊŘǎ ŘǳŜ ǘƘŜ ƛƴŎǊŜŀǎŜ ƻŦ ŀǳǘƻƳŀǘion. 

¶ Total process control while manufacturing layer by layer any structure. Can be checked at 

every second all variables of the constructive process. 

 

Figure 4.18: Examples of full scale builds from each process: D-Shape, top left; Contour Crafting, right; Concrete 
Printing, bottom left 

 Target Products 

In the Construction sector there are a number of key innovative AM products. As shown in Figure 
4.19, five main product groups where identified. The detailed list of products for each group is 
reported in Table 4.6. 

 

 

Figure 4.19: Construction Key Product Groups 
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Table 4.6. CONSTRUCTION - Detailed list of key innovative products 

 

 Regional Capabilities 

In the process of emerging, the market of 3D-Printed houses and buildings is facing key 
technical challenges. AM appears, in fact, to play a less dominant role in the construction sector. As a 
result, less than half of the regions work actively with AM technology in their construction sector, 
including Asturias, Castilla y León, Catalonia and Basque Country (Spain), Occitanie (France), Thüringen 
(Germany) and Norte (Portugal).  

Here below (Figure 4.20) is reported a map showing the national and regional activity (based 
on number of projects) in the Construction sector. 

As demonstrated by the chart, the sector has the lowest number of listed projects. 
Furthermore, the focus of the projects is more general and tackle overall processes and new materials 
ŘŜǾŜƭƻǇƳŜƴǘ όǿƻƻŘΣ ŎƻƴŎǊŜǘŜΣ ŎƻƳǇƻǎƛǘŜǎΣ ŜǘŎΧύΦ 
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Figure 4.20: CONSTRUCTION - Map of National and Regional Projects 

The complete list of national and regional projects divided by country can be found in ANNEX B. 

4.7. Energy 

Energy consumption is still growing worldwide and projected to increase further. Two thirds 
of the worldwide energy development was generated by fossil sources in 2010. The global turbine 
market was valued at USD 135.68 billion in 2013 and is expected to reach USD 191.87 billion by 2020 
at a CAGR of 4.89% from 2014 to 202051. The Energy branch is focused on production of energy and 
its transport and distribution. The topic of energy storage is also being covered and seems to be 
substantial for further development of the renewable energy system. 

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

¶ Energy usage (improved fuel efficiency) 

¶ Reductions of emissions 

¶ Complex parts 

¶ Life cycle cost 

¶ High performance materials 

¶ New opportunities for product development process e.g. validation in full scale tur-bine tests 

¶ Improvement of MRO (Maintenance, Repair and Overhaul) 

¶ Production costs 

                                                           

51 http://www.transparencymarketresearch.com/turbines-market.html  

http://www.transparencymarketresearch.com/turbines-market.html
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¶ AM process efficiency 

Reliable, efficient and clean fossil power systems needs innovative technologies. By using 
innovative fossil power systems, scarce resources can be exploited with maximum efficiency and fossil 
power generation as environmentally friendly as possible. The development of AM processes in recent 
years offers the opportunity to produce complex parts by AM with a high accuracy and improved 
material properties for the use in power turbines52. 

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

There is great potential for AM to create value by reducing greenhouse gas emissions, use less 
resources in the production process, reducing the development time, offering flexibility for design of 
parts, faster repairs, reduction of lead time and using new fuel mixes. Recently, a key development 
was achieved with the production of additively manufactured turbine blades with a conventional 
design at full engine conditions53, standing extreme temperatures. 

  

Figure 4.21: A new SLM manufactured burner front consists of one component and two welds. (Source: 
Siemens; «Gas Tur-bine World) and 3D printed Swirler (Source: Siemens) 

While the nuclear sector is also developing Additive Manufacturing knowledge and 

applications54, it is believed that the Oil and Gas Renewable Energy industries will be the next big 
adopters of AM technologies. Companies are actively exploring the use cases for both rapid 
prototyping as well as field production of parts. The possibility of printing metal components and 

increasing opportunities for large print volumes is one of the key drivers55. 

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

AM technologies are also gaining interest in the renewable energy sector and in particular in 
wind energy. Major players in the wind industry are currently investigating how AM can contribute to 
the development and manufacturing of wind turbine components. 56. Similarly, the relatively new 
sectors of ocean energy ƻǊ άtƻǿŜǊ ǘƻ Dŀǎέ57 could benefit in the future of progress in AM technologies. 

                                                           

52 http://www.energy.siemens.com/us/en/fossil-power-generation/  
53 https://3dprint.com/164121/siemens-gas-turbine-blades/  
54 https://energy.gov/sites/prod/files/2016/05/f31/2016%20ADVANCED%20METHODS%20FOR%20MANUFACTURING.pdf    
55 https://www.smartechpublishing.com/reports/additive-manufacturing-opportunities-in-oil-gas-markets-2016-a-ten-year-for  
56 http://www.windpowermonthly.com/article/1421837/additive-manufacturing-will-gamechanger#box  
57 https://www.siemens.com/global/en/home/products/energy/renewable-energy/hydrogen-solutions.html  

http://www.energy.siemens.com/us/en/fossil-power-generation/
https://3dprint.com/164121/siemens-gas-turbine-blades/
https://energy.gov/sites/prod/files/2016/05/f31/2016%20ADVANCED%20METHODS%20FOR%20MANUFACTURING%20AWARD%20SUMMARIES_0.pdf
https://www.smartechpublishing.com/reports/additive-manufacturing-opportunities-in-oil-gas-markets-2016-a-ten-year-for
http://www.windpowermonthly.com/article/1421837/additive-manufacturing-will-gamechanger#box
https://www.siemens.com/global/en/home/products/energy/renewable-energy/hydrogen-solutions.html
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Lux Research developed a methodology to score use cases for this industry based on the value 
generated by printing them and their suitability for being printed. The analysis identified use cases 
such as pipeline pigs and sand control screens as forthcoming and liner hanger spikes and drill bits as 
high-potential applications. Profitable use cases included 3D printing chemical injection stick tools and 
nozzles for downhole cleanout tools58. 

 Target Products 

In the Energy sector there are a number of key innovative AM products. As shown in Figure 
4.22, eight main product groups where identified. The detailed list of products for each group is 
reported in Table 4.7 

 

Figure 4.22: Energy Key Product Groups 

 

Table 4.7: ENERGY - Detailed list of key innovative products 

 

 

                                                           

58  http://www.luxresearchinc.com/content/assessing-opportunity-additive-manufacturing-oil-and-gas-industry  

http://www.luxresearchinc.com/content/assessing-opportunity-additive-manufacturing-oil-and-gas-industry
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 Regional Capabilities 

European capabilities in the area of Additive Manufacturing for Energy are currently scattered, 
and as for the construction sector, only a few of the regions categorise the energy sector as dominant 
for AM application.  Almost the same list of regions indicate that they apply AM in the energy sector, 
including Asturias, Castilla y León, Catalonia and Basque Country (Spain), Occitanie and Auvergne-
Rhône Alpes (France) and Thüringen (Germany).  

Here below (Figure 4.23) is reported a map showing the national and regional activity (based 
on number of projects) in the Energy sector, where Germany is the most active country in terms of 
projects related to the Energy Sector.  

 

Figure 4.23: ENERGY - Map of National and Regional Projects 

The complete list of national and regional projects divided by country can be found in ANNEX B. 
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 AM-MOTION identified actions 

The present chapter provides AM-MOTION roadmaps on identified actions to foster AM 
development and market uptake. Such actions are divided into cross-cutting technological and non 
technological ones, and actions segmented by sector. 

For each identified actions, the relevance for the different steps of the value chain have been 
emphasised in the roadmaps. The actions are segmented into short-term actions (suggested actions 
to be started in 2019-2021), medium term actions (2022-2024), long-term actions (2025-2028), in 
order to deliver by 2030 the foreseen vision.  

For sectorial roadmaps, each action is linked also to specific target product groups, described 
in Chapter 4. Moreover, the type of foreseen activity has been highlighted, in line with H2020 topics: 
research and innovation actions (RIA) are actions where the core of activities is in fact research and 
development with target TRL in general up to 5; innovation actions (IA) are suggested topics which are 
more focused on validation and demonstration activities, with target TRL up to 6-7. Coordination and 
support actions (CSA) are suggested topics result in enhanced coordination of research initiatives and 
findings rather than in research outputs. 

Details of each action in terms of identified gap with the description of the current context, 
description of proposed activities, initial and target TRL, foreseen impact in terms of key performance 
indicators are reported in annex D. 
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5.1. CROSS-CUTTING TECHNOLOGICAL actions 

A number of technical actions to solve cross-sectorial challenges were identified as reported in the roadmaps shown in Figure 5.1 and in Figure 5.2, 
focusing on short term and on medium to long term, respectively. Such actions include also standardisation and certification-related topics.  

 

Figure 5.1 AM-MOTION Roadmap on cross-cutting technical actions (short-term focus) 
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Figure 5.2: AM-MOTION Roadmap on cross-cutting technical actions (medium and long-term focus) 
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5.2. CROSS-CUTTING NON-TECHNOLOGICAL actions 

A number of cross-cutting non-technical actions were identified as reported in the roadmap shown in Figure 5.3. Such actions cover different topics such 
safety, communication, education and training, business models, IPR and financing issues. 

 

 

Figure 5.3: AM-MOTION Roadmap on cross-cutting non-technical actions 
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5.3. HEALTH gaps and actions 

Health-specific actions were identified as reported in the roadmap shown in Figure 5.4. Key actions details (type of activity, initial and target TRL, related 
target product groups) are reported in Table 5.1. The roadmap reports only the key target products linked to each specific action, whilst the table list all the 
relevant target products. 

 

Figure 5.4 AM-MOTION Health Roadmap  
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Table 5.1 AM-MOTION Health actions details  
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5.4. AEROSPACE gaps and actions 

Aerospace-specific actions were identified as reported in the roadmap shown in Figure 5.4 AM-MOTION Health Roadmap Figure 5.5 . Key actions details 
(type of activity, initial and target TRL, related target product groups) are reported in Table 5.2.  

 

Figure 5.5: AM-MOTION Aerospace Roadmap 
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Table 5.2: AM-MOTION Aerospace actions details  
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5.5. AUTOMOTIVE gaps and actions 

Automotive-specific actions were identified as reported in the roadmap shown in Figure 5.6 . Key actions details (type of activity, initial and target TRL, 
related target product groups) are reported in Table 5.3.  

 

 

Figure 5.6: AM-MOTION Automotive Roadmap  
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Table 5.3: AM-MOTION Automotive actions details  
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5.6. CONSUMER and ELECTRONICS gaps and actions 

Consumer and electronics-specific actions were identified as reported in the roadmap shown in Figure 5.7 . Key actions details (type of activity, initial 
and target TRL, related target product groups) are reported in Table 5.4. 

 

  

Figure 5.7: AM-MOTION Consumer and Electronics Roadmap  

 

 

 




































































































































































































