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Definition of 3D printing

o 3D

printing
(also
known
as
additive
manufacturing) refers to a set of technologies that
allow the creation of volumetric objects based on
digital models.

There are seven categories of additive manufacturing
processes:
Material extrusion: material extrusion or fused deposition modelling is probably
the best-known additive manufacturing process. Whenever we think of a 3D
printer, we imagine a dispenser releasing filaments of hot plastic material in
different layers that solidify to create an object; this is material extrusion. It uses a
wide range of thermoplastics and filaments filled with metal or wood. As it features
a poorer finish, it is only used for prototypes.

VAT photopolymerisation: the process of VAT photopolymerisation differs from
other additive manufacturing processes in that it starts off with the use of liquid
instead of powder or filament. Other additive processes vary, although they all use
photopolymer resins. It is an excellent process to produce highly-detailed parts and
smooth surfaces; thus, it is best suited for jewellery, medical applications and
injection moulds.

Binder jetting: it is a process similar to material jetting, although it uses powdered
material and a fixing agent. The dispensers deposit small drops of fixing material
on an ultrathin layer of powdered metal, ceramics or glass. This results in multiple
layers, when the powdered material bed falls, as each layer is created. Ideal for
aesthetic applications, such as architecture and furniture design. Due to product
fragility, it does not have generic applications.

o Manufacturing is carried out with so-called "3D

printers", which deposit the material, usually in
layers, and consolidate it with different
technologies in order to obtain the end part.
Material jetting: this additive manufacturing process uses drop-on-demand
technology. In the same way as a 2D printer, small dispensers release photopolymer
wax droplets in a layered fashion. With UV light, the created layer solidifies before the
next one is created. It is an ideal method to create prototypes with great detail and
high-precision finishes, and allows you to use different colours and materials in a
single print.
Powder bed fusion: PBF uses powdered material, melted to a certain degree, which
allows the fusion of particles. The particles are melted during different PBF
processes. The plastic or powdered metal melts with thermal energy in the form of
laser, electron bars or heated printing. An ultrathin layer of material is spread with a
foil over the preceding layer. The material is deposited in a nearby reservoir, which
releases it as the layers are created. Thanks to its rigidity and great finish, it is a
process that can be applied in all areas.
Sheet lamination: it is a lamination process, where ultrathin material layers attach to
each other, while alternating adhesive layers. This manufacturing process (called
laminated object manufacturing) allows you to use different types of materials, such
as paper or metal layers. Once the different layers have been assembled, the created
material is cut with a laser, a metal knife or a tungsten blade in order to give it the
definitive 3D shape. It is recommended for non-functional objects, given its rapidity
and low manufacturing costs.
Directed energy deposition: also called metal deposition, uses highly focused
thermal energy through laser, electron bar or plasma arc to melt and fuse projected
material into a heated chamber based on powdered metal or filament. The additive
process uses metal, although some DED systems use powdered ceramics or
polymers. The system usually works via four or five axes. It is one of the few additive
manufacturing processes that can be used to repair tools and components in the
aerospace, defence and automotive industries.

Source: EIC (DGI-ACCIÓ) based on 3D Hubs, GE Additive and Roland
Berger.

3D printing in Catalonia | Technological report

October 2019 |

6

Importance of 3D printing to industry
It is an application technology in many
industrial sectors, either in the field of
production (which is still limited due to
production costs and the availability of
materials) or for manufacturing
prototypes and tooling,

Transversality

Reducing the
time to market
It allows us to streamline the
product design and development
process, as well as its
manufacture. It is a very
interesting process for industrial
sectors wishing to innovate their
products continuously.

Flexibility and
customisation

Importance of 3D
printing to industry
More added
value

Local
manufacture

both in terms of series size and the materials
used, or even as to the possibility of adjusting
the manufacturing orders to deal with design
changes. It allows us to respond to the global
trend of customising products.

This technology makes it possible to
manufacture complex three-dimensional
geometries that cannot be manufactured with
other technologies, as well as reduce the
number of parts in one set. It also allows you
to manufacture lightweight structures or use
special materials. Therefore, it is very
important for an industry that wishes to
manufacture more added-value parts.

The possibility of manufacturing short product series that are
highly adapted to users allows to compete in terms of quality,
innovation and flexibility. If the "price” criterion decreases its
relative importance, local manufacture makes sense.

Source: EIC (DGI-ACCIÓ).
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Evolution of the 3D printing market

o The

additive manufacturing technology was born in the
eighties and, at the outset, it was used solely for
manufacturing fast prototypes.

Evolution of sales of major world companies in the
3D printing sector

related
services
has
increased
the
additive
manufacturing market volume. According to industry
estimates, the sales volume of major global companies in
the sector (including industrial printing companies, services
and 3D materials) is estimated to exceed 2.7 billion US
dollars by the end of 2019 and more than 3 billion US
dollars by 2020.

o The

reason for this exponential growth of additive
manufacturing is due to its ability to print a wide range of
materials and volumes. 3D printing has positioned itself as
one of the key elements in Industry 4.0, which has led many
companies to incorporate it into their industrial processes
beyond prototyping.

o While it is true that this technology greatly exaggerated its
prospective growth and that it has evolved at a slower pace,
it is getting more relevant and will play a leading role in the
so-called "Fourth Industrial Revolution."

Market volume (in millions of USD)

o In recent years, the demand for 3D printing systems and

Source: Deloitte (2019): “Technology, Media and Telecommunications Predictions 2019.”

Source: EIC (DGI-ACCIÓ) based on Deloitte.
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3D printing patents

Source: EIC (DGI-ACCIO) a partir de Lens.org
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3. Relevant hubs, players and investors in 3D
printing worldwide
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Main hubs for the development of 3D
printing worldwide
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Central Europe

Catalonia

United
States

Asia-Pacific

Source: EIC (DGI-ACCIÓ) based on Envision Intelligence,
Investing News, Aniwaa and the European Commission website.
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Main players in the 3D printing market
HP boasts its world 3D printing development centre in Catalonia.
Although it is not a company that is strictly dedicated to 3D
printing, it seems that it could become a market leader with its
Multi Jet Fusion technology, developed in Sant Cugat del Vallès.
It offers 3D printing systems for plastic and metal, and is
currently the market leader. It also offers consultancy and
training services to companies that incorporate their
technologies.
It offers 3D printing systems exclusively for metal, for the
orthopaedic implants and aerospace sector. In addition to
machines, it also offers its customers auxiliary equipment,
powders, software and training services. It boasts a portfolio
of 200 patents.
It offers 3D printing systems exclusively for metal, for
the medical and dental sector, aerospace,
manufacture of tools and utensils, automotive and
jewellery as well as watchmaking. Its machines can
work with different types of special metals.
In spite of not specialising solely on 3D printing, the
company features a product range of laser additive
manufacturing. The machines are applicable to different
sectors, but they have specialised in jewellery.
At its inception, it worked in the field of threedimensional measurement, but it features a rapid
prototyping line with additive manufacturing of metals.

It offers printers and materials. It is one of the companies
with the largest number of patents in the field of 3D printing
and which operates mainly in the fields of medical
technology, automotive and educational products.

It provides products (printers and printing materials) and services
(part design and manufacturing). It is present in different industries
(such as medical technologies, manufacturing and design) and has
recently announced its expansion to other sectors (dentistry,
jewellery), both for plastic and metal manufacturing.
Software and services company related to 3D printing, with
an important focus on the medical technology sector, but
present as well in the automotive and aeronautics sectors,
among others. It offers software for decision making on 3D
printing processes.
It offers printers and printing services with a proprietary
technology, developed at MIT, to manufacture complex
parts with materials for industrial use, such as metals,
sand and ceramics.
A 3D printing services company specialising in the
manufacture of prototypes and small series and in the
design of parts. It boasts eight locations on three
continents and has been awarded the 2016 Frost &
Sullivan Manufacturing Leadership Award.

Source: EIC (DGI-ACCIO).
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Main investors in the 3D printing market
Main companies and funds that invest in
3D printing

Source: CB Insights.

Main countries that invest in 3D
printing

Source: International Data Corporation.
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Main applications of 3D printing technology (I)
Future applications

Current applications
HEALTH

Dental implants

Prosthesis

Bioprinting

Pre-surgical models

Aeronautical
components

Robotics

MANUFACTURE

Prototypes
FOOD

Chocolate

Confectionery

Automotive
components

Printing dishes
from fresh food
Printing ice cream
Source: EIC (DGI-ACCIO).
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Main applications of 3D printing technology (II)
Future applications

Current applications
Prefabricated
infrastructures

CONSTRUCTION

Ceramic parts of
complex
geometries

Prefabricated
houses

Precast concrete
Custom-made
glasses

FASHION

Customised
footwear

Bags
HOME AND
GIFTS

Decoration

Dresses
Customised products

Lighting

Jewellery
Source: EIC (DGI-ACCIO).
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4D printing

o 4D printing uses 3D printers to create three-dimensional objects without cables or circuits. It does so by
using smart materials, which can be programmed to change shape, colour or size, when they receive an
external stimulus. This is the case with hydrogel resins, active polymers or, even, living tissues. They are
printed in 3D with a specific design that, over time and when in contact with humidity, light, pressure or
temperature, among other factors, evolve until reaching the expected finish. 4D printing makes it
possible for an object to bend, repair, assemble or even disintegrate itself, for example. It reacts with the
environment and acquires a new form or functionality by itself. Thanks to the capabilities offered by this
new additive manufacturing model, you can save time, costs and space in future applications.

o Some of the multiple applications of 4D printing will be in the following sectors:
- Medicine and surgery: stents or other 4D parts that react to body heat and expand to adapt to the
patient shall be printed in the future. At present, the use of 4D printing in ultrasounds allows, for
example, to know more accurately the structural and functional development of the foetus's nervous
system.
- Clothing and footwear: 4D printed shoes and clothing shall be adapted to movement, impact,
temperature and atmospheric pressure. In the US, for example, uniforms are being tested that adapt to
the environment and modulate their colour depending on the latter.
- Aeronautics and automotive: thanks to 4D printing, smart security cushions capable of anticipating any
impact and reducing the risk of injuries to the driver and passengers shall be manufactured in the future.
In aeronautics, NASA has developed smart 4D printed metal fabrics that adapt to temperatures and can
be used to protect spacecraft from the impacts of meteorites. With materials that react to heat, Airbus
aims to cool the engines of their aircraft.

Source: EIC (DGI-ACCIÓ) based on Investigación y
Ciencia and the MIT.
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3D bioprinting

o 3D bioprinting is an additive manufacturing technique that consists in producing organic tissues in 3D.

These tissues are made based on bioink, a plasma solution and living cells that are deposited mainly in
layers with the technique of material extrusion. This allows the production of tissues that are very similar to
those of the human body, which can be used for regenerative medicine, transplants or the development
and testing of new drugs. More recently, bioprinting has been introducing another technique or way of
printing tissues beyond the deposition of layers. By means of a set of cells scaffolds or containers made
with biodegradable materials that cannot be rejected by the human body, these supports shall be deposited
and repopulated with cells that will be forming the tissue. Once the cells are generated and inserted into
the body, the biodegradable support or container disintegrates.

o The 3D bioprinting process consists of three stages:
- The first stage is preparation (pre-bioprinting), where the 3D design or image will be created the printer
will have to follow, by means of scanners or CAT. At this stage, the cells will also be chosen and the bioink
will be prepared.
- At a second stage (bioprinting), the bioink is loaded into the printer cartridge and the head (or heads) is
selected as well as the most suitable technique for printing the desired tissue.
- At a third stage (post-bioprinting), the cells generated by ion solution or UV light are interlinked. The
composition of cell construction will help you choose the method.

o 3D bioprinting can be very useful for "artificially" creating organs, so that donors' demand for transplants
can be met, improve regenerative medicine and promote research on new techniques for the development
of new drugs.

Source: EIC (DGI-ACCIÓ) based on Cellink, Wyss Institute,
3Dfabprint and Intechopen.
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3D printing and the
Climate action
Reuse of printable materials.
Reduction of CO2 thanks to the new materials
and the production and transportation savings.
Responsible production and
consumption
Decreased production, logistics and
storage expenses. Minimising
production waste.
Production and consumption of
additive manufacturing with
sustainable materials.
Sustainable cities and
communities
New more sustainable building
models with additive
manufacturing.
3D printing for replacing and
repairing objects in home
environments.
Reduction of inequalities
Greater accessibility of
developing countries to the
model of additive manufacturing,
with a lower logistical and
infrastructural cost.
Industry, innovation and infrastructure
3D printers applied in construction and industry.
New manufacturing and production models based on
3D printing.
Innovation in production and products manufactured
through additive manufacturing.
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(II)
End of poverty
Printing of all types of materials and food for
humanitarian aid and development cooperation
missions.
Printing of water supply pipes in resource-poor
areas.

Zero hunger
3D food printing.
Impression of new foods (vegetable
proteins, insect flour, etc.).
Production of food in arid and hostile areas
with easily transportable food cartridges.

Health
Printing of medical prostheses.
3D bioprinting of cartilage and tissue.
Printing of prototypes and pre-surgical models.
Printing of dental implants.

Quality education
3D printers applied to education.
New teaching and pedagogical methods through 3D
printing.

Source: EIC (DGI-ACCIÓ) based on United Nations, Cellink, Wyss Institute,
Investigación y Ciencia and Reset.
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Main mapping conclusions
118 companies*.

M€325 turnover directly
linked to 3D printing.

3D printing
in Catalonia

95.76 % of the
companies are SMEs.

35.59 % of the companies
are less than ten years old.
1,321 workers linked to 3D
printing.
6.78% of companies have
branches abroad.

Type of business:
-

makers fablab and business model (16.95%);
service providers (17.8%);
Manufacturers of 3D parts (22.88%);
engineering and consulting (13.56%);
manufacturers of 3D printers (9.32%);
materials (8.47%);
3D part finishing (5.08 %);
software (4.24%) and
certification (1.69%).

34.75% of companies are
exporters.
26.27% of companies invoice
more than one million euros.

Source: own compilation based on 2018 data collected from
Orbis, ACCIÓ and Barcelona & Catalonia Startup Hub
directories. For the turnover information and employees of
some companies, estimates have been made based on the
companies’ business lines.
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Value chain segmentation

Service providers

Technology
providers

Within the additive manufacturing market, we can identify the following types of companies in the value chain:

Software

Materials

Companies that develop
software to run on 3D
printers.

Companies that develop
materials for 3D printing
(resins, polymers, etc.).

Players
Technology and research
centres, universities,
associations and public
administrations.

Manufacturing of 3D
printers
3D printer manufacturers.

Makers fablab and
business models
Companies that combine
additive manufacturing with
other business models.

Manufacturing of 3D
parts
Companies engaged in
additive manufacturing on
demand. Also included are
companies dealing with
design and prototyping.

Engineering,
consulting and
certification
Companies that know
additive manufacturing and
offer their consulting and
certification services to third
parties.

3D part finishing
Companies that offer
finishing and polishing
services of 3D parts or tools
and materials for this
purpose.

Distribution services
Supplier companies around
3D printing (distribution of
3D printers, provision of
parts and components,
etc.).

Source: EIC (DGI-ACCIÓ).
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3D printing ecosystem companies in Catalonia
Materials

Manufacturing of
3D printers

Manufacturing of 3D
parts

Partially illustrative

3D part finishing

Technology providers

Software

Main
application
s

Home and gifts

Manufacture

Food

Service providers

Makers fablab and business models

Engineering, consulting and
certification

23

Distribution services
Construction

Education

Health

Fashion

Source: EIC (DGI-ACCIÓ).
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3D printing ecosystem agents in Catalonia
Technology
and research
centres

Universities and training
centres

Smart labs

Trade associations and
fairs

Institutions and public
administration

Source: EIC (DGI-ACCIÓ).
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Passeig de Gràcia, 129
08008 Barcelona
www.accio.gencat.cat
www.catalonia.com
@accio_cat
@catalonia_ti
Check the full report here:
www.accio.gencat.cat/web/.content/bancconeixement/documents/
pindoles/Pindola_3D_Printing.pdf

More information about the sector, news and opportunities:
www.accio.gencat.cat/ca/sectors/industria-40/

