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Presentation outline 
 Diginova project: introduction & overview 

 Digital Fabrication – definition, technologies 
 Scope, objectives, vision 
 Impact and characteristics of Digital 

Fabrication 
 Paradigm shift in manufacturing 
 

 Most promising applications &  
 stakeholder views 

 

 Key Technology Challenges & Business 
Drivers 

 Recommendations for research 
 
End result: Roadmap for Digital Fabrication 
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A new industry that uses computer controlled tools and 
processes to transform digital designs directly into useful 
physical products.  
 
Development of well matched combinations of advanced 
new material deposition tools, processes and materials 
emerged as a key success factor for Digital Fabrication. 

Digital Fabrication definition 
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Digital Fabrication technologies 

 2D digital printing & patterning 
 3D printing / Additive Manufacturing 
 Additive instead of substractive technologies 

 
‘Printing’ in this context:  
a digital material deposition  
technology 
 

A versatile manufacturing  
technology 
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Objectives 
 
Determine current status, 
assess and promote the 
potential of Digital Fabrication 
 
Impact on: 

 
• Manufacturing 
• Materials 

 
Deliver a Digital Fabrication 
roadmap 

 
• clarify potential contribution 

to a sustainable European 
manufacturing industry 

 
 

 

Diginova: Coordination & support action 

[Introduction/ 
Summary] 

Society  for Imaging Science 
and  Technology 

Diginova  
partnership 

Grant agreement  
nr.  290559 

theme NMP.2011.2.3-3 
 

20 parties  
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As the digital age advances, industries & society need 
to adapt 

 

 Digital technology has impacted whole industries, consumer 
behaviour & supply chains 
 Music industry 
 Photography 
 Printing 
 Communication 
 …. 
 

 Impact on Manufacturing & Materials? 
 

Vision and ideas that led to Diginova 
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 We have had an industrial revolution … 
                                                                     
 
  We have had a digital revolution … 

 
                      
  Now is the time for a digital industrial revolution 
    

Vision and ideas that led to Diginova 
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Paradigm shift in manufacturing:  
 
design, manufacturing, materials, supply & demand, … 
  
 
Because of the following DF characteristics: 
 
short runs, on-demand, customized, personalized, 
zero-waste, no stock, decentralized, fast turnaround, 
distribute & manufacture (instead of manufacture & 
distribute), clean & green, ease of use, user-centric 
design, … 
 
 

 Impact and characteristics of Digital 
Fabrication 
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Mass production                      (intercontinental)                     Local distribution                               Local production sites 
                                                       transport                                  centres  

Mass manufacturing                                                             Digital fabrication 

 

Distribution centres                 Huge shopping malls                                     Webshops                      Local production sites 

                                                 

Push model                                                               Production on demand 

Paradigm shift in manufacturing 
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Intermezzo 1 
Concept of Digital Fabrication … a peek into the future 
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Digital Fabrication: the promise 

 Matching manufacturing technology and key new materials 
 On-demand manufacturing for customized products with 

potential for short production series (down to ‘series-of-one’) 
 Shortening change-over times to accommodate flexible 

production 
 Using additive manufacturing methods to enable production of 

products comprising of more than one material using minimal 
resources with no waste 

 Exploiting the inherent freedom of design in both geometry 
and material composition to produce products optimized for 
functional performance and not hampered by limitations 
imposed by manufacturing processes   
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Examples of ‘Freedom of Design’ 

 
 
 
From Design for Manufacturing  
 
to 
 
Manufacturing for Design 
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Through coordinating actions: 

 
• Clarify economic & societal relevance of ‘Digital 

Fabrication’ for Europe 
• Pointed out ways towards sustainable economic 

growth 
• Emphasized both business value and technology 

 
Through networking actions: 

 
• Engaged with different stakeholder communities 
• Input for EU programs, research agendas, 

roadmaps 
• Initiated creation of innovation networks 

What we have done 
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 Identified most promising opportunities / 

applications 
 

 Identified Key Technology Challenges & barriers 
 

 Created the first roadmap for Digital Fabrication 
 
 

 
 

 

What we have done 

The Diginova Roadmap for Digital Fabrication will be 
available for download from http://www.diginova-eu.org/ 
within the 2 weeks 

http://www.diginova-eu.org/�
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Will our story be heard? 
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“Print me a Stradivarius” 

 
 
 

How a new manufacturing technology will change 
the world  
 
 
 
 
 
 
 
 
 
 
 
 
        

      
 

 

Coverstory , February 2011 
http://www.economist.com/node/18114327 

“The printed world” 

http://www.economist.com/node/18114327�
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“Print me a phone” 
 

 New techniques to 
embed electronics into 
products 

 Convergence of printed 
electronics & 3D printing 

 
 
 
 
July 28th, 2012 
http://www.economist.com/node/21559593  

 

http://www.economist.com/node/21553017�
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“The digitisation of manufacturing will transform the way 
goods are made—and change the politics of jobs too” 

     Coverstory, April 2012   
      http://www.economist.com/node/21553017 

“The third Industrial Revolution” 

http://www.economist.com/node/21553017�
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Digital Fabrication: raising the bar in the US 
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Original visual illustrating ‘starting vision’ of Diginova project 
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We identified the 
most promising  
applications 
 

As well as key 
challenges .... 
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Many opportunities for Digital Fabrication… 
 
Including meaningful ones…  
 

Intermezzo 2:  
  food for thought … 
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This? 
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Or ..,  
 
this? 
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 “Printing a 3D jaw and successfully 
implanting it, is like putting the first 

man on the moon..” 
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http://boingboing.net/features/3d/RTR3EN8X.jpg�
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We cannot predict the future, but we can invent it… We cannot predict the future .. but we can 
invent it ! 
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Most promising opportunities/applications for DF 
and stakeholder views 
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Most promising opportunities 

Step 1 

Exploring 
Opportunities 

80 20 

Prioritising 
Opportunities 

10 

Ranking Top 
Opportunities  

Step 2 Step 3 

1. Scoping & 
context 

2. Develop long list 
3. Assessment 

criteria 

Assessment 
using  defined 

evaluation 
criteria  

Systematic 
ranking to 
select top 
priorities  
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Step 1 
//Exploring of Opportunities 

Identification of top opportunities for DF 
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Identifying assessment criteria 
Guiding criteria for the selection of top opportunities 

Contextualizing future trends of EU manufacturing 
Economic, industrial, technological and policy related trends 

Step 1:  Exploring opportunities  

Agreeing on the definition & scope of Digital Fabrication  

New Materials 
Market 

Potential 

Developmental 
Compatibility 

Feasibility Viability 
Human 

Betterment 

Fit with Digital 
Fabrication 
Paradigm 

Sustainability 
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Step 1:  Exploring opportunities  

Digital 
Printing 

26 15 

3D printing 

19 

Printed 
Electronics  

18 

Human 
Applications 

Categorization of explored opportunities in 
application domains 
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Step 2 
//Prioritizing Opportunities 

Identification of top opportunities for DF 
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Utilization of the assessment criteria as a guiding 
resource to select 20 opportunities 

Step 2:  Prioritizing opportunities  

New 
Materials 

Market 
Potential 

Developmental 
Compatibility Feasibility Viability Human 

Betterment 

Fit with 
Digital 

Fabrication 
Paradigm 

Sustainability 
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Step 3 
//Selecting Top Opportunities 

Top ranked opportunities for DF 
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TOP 10 Opportunities 
in roadmap 

Digital 
Graphical 
Printing 

Digital 
Textiles 

Functional 
end-use parts 

& Products 

AM Objects 
with 

Embedded 
Printed 

Intelligence 

OLED lighting 
& Displays 

Smart 
Windows 

Printed 
Sensors 

Personalized 
Diagnostics & 
Drug Delivery 

Medical 
Microfactories 

Mega-scale 
Digital 

Fabrication 

Lifespan 
 
     Challenges 

Desciption of 
opportunity 
 

 

       Fit with  
   Digital 
Fabrication 
   paradigm 

Potential 
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Stakeholder engagement activities of Diginova allowed 
for a two-way dialogue between the consortium and 
relevant stakeholders. Both parties learned from 
eachothers experience and knowledge 

Bridging Events Stakeholder Survey 

Access to Stakeholders  
&  

Exchange of view points 

Survey Time to Market of  20 
Opportunities  

&  
Systematic understanding of 

expectations and needs 
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Orchestrating 
Bridging Events 

Stakeholder Engagement Activities  

To enhance awareness on the 
possibilities of Digital Fabrication 
 
To enable serious interaction on 
basis of substance  
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In total over 4000 potential stakeholders were reached. Key point 
was to create open and safe spaces for interaction. Such spaces 
then opened up the opportunity to receive stakeholder feedback.  

Smart Lighting 
May 2013 
Germany 

300 

LOPE-C 
June 2013 
Germany 

1800 

ISFOE 
July 2013 

Greece 

2000 

Digital Fabrication 
conference 

September 2013 
USA 

500 

Scientific & Industrial  
Community 

User 
Community 



GA 290559                            43 
 

Summary of discussions during 3 bridging events 
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from the round table discussion 

Vision of 
Digital 

Fabrication 

Critical problems & barriers to mass adoption 
 

High Material Costs 
Creation of Digital Files (costs of scanners & software) 
 
 
 

Opportunities 

 
The move towards using digital technologies for printing 
was acknowledged by the stakeholders. This move is 
stimulated by the market dynamics which points towards 
mass customization. 
 
 

Sustainability 

 
While new design opportunities, and production under 
ambient conditions can have significant positive impact, 
there is still little understanding on impact on TCO and 
energy usage. Hence, expectation management!!  
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Survey Design 
Stakeholder Survey 

General Information Vision of DF 

Innovation Commercialization 

Survey 
Questions 

Data Collection 
Between July – November 2013  



GA 290559                            46 
 

World wide stakeholder participation  
in Diginova survey from 26 countries 

USA 
27% 

Germany 
15% 

United Kingdom 
16% 

The Netherlands 
8% 

Japan 
6% 

AUSTRIA 

BELGIUM 

BRAZIL 

CANADA 

CHINA 

CROATIA 

DENMARK 

FINLAND 

FRANCE 

GERMANY 

GREECE 

INDIA 

IRELAND 

ITALY 

JAPAN 

KOREA 

NETHERLANDS 

NORWAY 

PORTUGAL 

ROMANIA 

SLOVAKIA 

SPAIN 

SWEDEN 

SWITZERLAND 

UK 

USA 
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Strikingly, when stakeholders were asked to position Digital Fabrication 
on the Gartner technology life cycle, responses covered the entire 
spectrum. This supports the need for anticipatory coordination activities, 
including development of research agendas and industry roadmaps. 

The first explicit attempt to pursue 
anticipatory coordination for Digital 
Fabrication was facilitated through 

the EU funded Diginova project. 
 

This must continue… 
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Despite uncertainties, a striking finding is strong consensus of 
stakeholders when asked to specify expectations around a first set of 
applications and time frames in which these would enter the market. 

 

Smart Textiles 

Durable Goods 

Personalized 
Diagnostics & Drug 
Delivery 

Sensing 

Integrated Electronics 

Smart Windows 

Energy Storage 

 

Decoration of 
Products & Surfaces  

Digitalization of 
Traditional Printing  

Textile Printing  

Packaging  

Display Graphics  

OLED Lighting & 
Displays 

Printed Sensors 

 

Treatment Planning 
Tools 

Power Generation & 
Transmission 

Tissue Engineering 
Scaffolds 

Medical  
Microfactories 

Digitally  
Fabricated  
Garments 

 

TOP 5 product domains to be ready for market in 
the next 5 years: 
  
1. Decoration of Products & Surfaces  (78%)  
2.  Digitalization of Traditional Printing  (76%) 
3.  Textile Printing     (75%) 
4.  Packaging      (71%)  
5.  Display Graphics     (66%) 
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Digital Fabrication: technology-linked relationships among 
actors dominate. B2B relationships are explored & new 
combinations are formed across traditional value chains.  

Value Chain Dynamics 
Businesses are still in search of users, and are 

exploring new business models to reach these users 
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Finally, stakeholder perceptions in relation to required 
business enhancing developments as well as support 
actions are in line with key technology barriers identified 
within Diginova 

Stakeholders: Broad consent on future barriers 
 
1) Wider choice of materials    (89%) 
2) Improved material properties  (88%) 
3) Greater accuracy     (83%) 
4) Broadening of the product range   (83%) 
5) Greater Repeatability    (82%) 
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Key Technology Challenges & Business Drivers 
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Sequence of steps to identify key 
technology challenges and business drivers 

Four-step approach 

Establishing baseline 
industry position and 

business drivers 

Identify barriers and 
technology challenges 

Recommen-
dations for 

research 
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Current state of Digital Fabrication Technology 

 Data provided by Diginova consortium and established 
stakeholders base 

 State of 2D and 3D digital fabrication technology: 
 2D: Identified 37 commercial systems and 14 developmental systems 
 3D: Identified 45 commercial systems and 11 developmental systems 

 Identified technology classes: 
 • Piezoelectric inkjet 

• Electrostatic inkjet 
• Thermal inkjet 
• Laser inkjet 
• Indirect inkjet 
• Continuous inkjet 
• Electrophotography 
• Aerosoljet 
• Laser ablation technology 

 

• Powder bed fusion 
• Directed energy deposition 
• Material jetting 
• Binder jetting 
• Material extrusion 
• Vat photopolymerisation 
• Sheet lamination 

 

2D 3D 
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 Collected wealth of data on which technologies are used for 
which applications 

 Most data was entered in large tables 
 Example: 3D printing technologies vs. applications 
 
 

 
 

For which applications is Digital Fabrication 
currently used? 
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Current state of technology usage: main results 

1. Data suggests that 2D digital fabrication is less widely 
adopted across applications than 3D digital fabrication 
 “Horses for courses” 
 Possibly earlier stage on the technology diffusion curve for some 

technologies 
 

 
 

2. Some technologies span different application 
families/domains 
 Piezoelectric jetting 
 Aerosol jetting 
 Powder bed fusion systems 

 3D technology variants appear to typically span more applications 
than 2D technologies 

Note that these data are not a reflection of impact or economic 
value  it is a reflection of diversity in applications 
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Which business drivers are behind current DF  
technology usage? 
 Various types of business drivers considered over the 

product life cycle: 

• Design freedom 
• Accuracy 
• Materials 
• Prod. economics 
• Energy & water 
• Lead time 
• IP protection 

• Raw material 
• Raw material 

waste 
 

• Short supply 
chains 

• Decentralisation 

• Customisation 
• (Multi)-

functionality 
• High 

performance 
• Graded 

materials 

• Recyclability 
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 Repeating methodology for technology usage, collected a wealth 
of data on which business drivers relate to which applications 

 Entered in large tables, applications X-axis, drivers on Y-axis 
 Example: 2D printing applications vs. drivers 
 
 

 
 

Data on business drivers 
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Main observations for the business drivers of 
Digital Fabrication 

 “Fragmented” business drivers for 2D digital 
fabrication 
 

 More uniform relevance of business drivers in 
application domains for 3D digital fabrication 
 

 Independence of economies of scale is reported as 
a highly relevant business driver for both 2D and 
3D 
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Main observations for the business drivers of 
Digital Fabrication 

 Other business drivers reported as important: 
 Supply chain consolidation and decentralisation 
 Design freedom and customisation 
 Light weighting and optimisation 

 

 Business drivers of smaller importance 
 Raw material / substrate related 
 End-of-life and recyclability 
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Identification of Key Technology Challenges 

Identified barriers to technology diffusion 
 

 2D 3D 

• Relative process economics 
• Productivity, capacity 
• Reliability and quality 
• Machine concept, openness of 

process architecture 
• Ownership, liability, I.P., and 

standardisation 
• Finance & skills base 
• Design, tools and methods 
• Acceptance in industry and 

society 
 
 
 

• Relative process economics 
• Core system compatibility (incl. 

printhead-material) 
• Reliability, quality, robustness 
• Process architecture, openness 
• Jetting-head characteristics 
• Inter-system compatibility, 

modularity 
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Identification of Key Technology Challenges 

 Identified KTC’s on the basis of barriers 
 By pairing up the causes and possible solutions to each 

technology barrier 
 

 Analyzed the relative urgency barriers across 20 
important application fields in 4 ‘domains’: 
 Digital Printing 
 Additive Manufacturing 
 Printed Electronics 
 Human Applications 
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Identified Key Technology Challenges & relative urgency 
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Areas of technology challenges & technology convergence 
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Recommendations for research 

 Addressing each Key Technology Challenge, 
a comprehensive list of research 
recommendations was created 
 

 Separate recommendations for research for 
2D and 3D Digital Fabrication technologies 
 

 Extensively reported in deliverable D4.3 
“Report on sector based strategy for addressing 
challenges facing manufacturing” 

 
 Summarized in the Diginova roadmap 
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Summary: challenges & research recommendations 

 Recommendations for research available to feed into 
European research agenda 
 Also identifying gaps in EU industrial capability, i.e. technology integration 

 
 Analysis of KTC’s enables a prioritisation of research activities 

 
 Areas of high priority include: 

 Process reliability, repeatability, material waste 
 Process fundamentals and core system components 
 Material performance and material range 
 Data handling and quality control methods 
 Commercialisation agenda, education and legal framework 
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Summary: challenges & research recommendations 

 Currently observing convergence of 2D digital printing and 
Additive Manufacturing 
 Formation of a new field in manufacturing 
 Diginova outputs have real novelty & added value 

 
 Numerous Key Technology Challenges must be addressed 

across all Technology Readiness Levels 
 

 Europe well positioned to reclaim its manufacturing 
heritage  
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Recommendation 
 

 Diginova roadmap: growth opportunities 
for sustainable manufacturing in Europe 
 

 Should be embedded in larger European 
program 
 

 Link to Factories of the Future  
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Thank You! 
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