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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. 

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, the current draft AM-MOTION roadmap 

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

                                                           

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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¶ Health; 

¶ Aerospace; 

¶ Automotive; 

¶ Consumer goods and Electronics; 

¶ 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 130 external experts through physical 

meetings and remote surveys.  

The full draft Roadmap will be publicly available at the end of July 2018. In August-September 

2018 the whole community will be asked to participate online to a public consultation. 

The revision of the roadmap will lead to the release of the Final AM-MOTION Roadmap, to be 

ǇǊŜǎŜƴǘŜŘ 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 D5.3 in the framework of the AM-Motion project 
ά! ǎǘǊŀǘŜƎƛŎ ŀǇǇǊƻŀŎƘ ǘƻ ƛƴŎǊŜŀǎƛƴƎ 9ǳǊƻǇŜΩǎ ǾŀƭǳŜ ǇǊƻǇƻǎƛǘƛƻƴ ŦƻǊ !ŘŘƛǘƛǾŜ aŀƴǳŦŀŎǘǳǊƛƴƎ ǘŜŎƘƴƻƭƻƎƛŜǎ 
ŀƴŘ ŎŀǇŀōƛƭƛǘƛŜǎέ όtǊƻƧŜŎǘ !ŎǊƻƴȅƳΥ !M-motion; Contract No.: 723560). This report is the result of 
ŀŎǘƛǾƛǘƛŜǎ ǇŜǊŦƻǊƳŜŘ ǿƛǘƘƛƴ ǘƘŜ ŦǊŀƳŜǿƻǊƪ ƻŦ ²ƻǊƪ tŀŎƪŀƎŜ р άwƻŀŘƳŀǇ 5ŜǾŜƭƻǇƳŜƴǘέΣ ŀƴŘ ƳƻǊŜ 
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 this Draft Roadmap and the next plans 
for the release of the final Roadmap (October 2018), which will be a revision of the present document 
and will include also model for business collaboration (as resulting from WP4 activity). 

                                                           

4 Prof. Dr.-Ing. 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 

                                                           

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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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 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
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 
current 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 future application areas, existing industrial 
value chains and missing competences in the EU, in the area of additive manufacturing (3D-ǇǊƛƴǘƛƴƎύέΦ нлмсΦ; 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 to the release of and actions to the release of the present draft AM Roadmap up to the final release 
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 

                                                           

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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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 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 
ǇǊƻŘǳŎŜ ǘƛǎǎǳŜ 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


 

Deliverable D5.3 

14 

 

Figure 3.1: AM-MOTION Vision


















































































































































































































































































