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Abstract

Metal Additive Manufacturing (MAM) is considered a disruptive technology that presents advantages
for the industries that are implementing this production method. Having in mind that a global interest
exists, some indicators suggest the adoption of this technology in the Portuguese manufacturing context.

Relying on the economic performance of some sectors, national companies can attain expertise in a
more efficient way. As a result, a strategy can be built. For the completion of this work, a technology
roadmap was developed taking into account the panorama of MAM in Portugal.

Describing the necessary steps for the correct performance of a roadmap allows stakeholders to
understand the needs that this technology requires. For that, the current situation of the country is per-
formed as well as possible future outcomes that can impact metal AM adoption. Furthermore, taking into
account the framework chosen, future value is achieved, and the current state is defined. Adjusted to the
Portuguese context, the roadmap built addresses fundamental issues present in the national business
structure.

This work demonstrates some aspects that have to be monitored and developed for higher technolog-
ical growth. The gaps that exist concerning the implementation of MAM in the national companies are
still considered doubtful. While some enterprises are at a more advanced stage, others still are reliant on
developments. Moreover, material utilization, process and equipment understanding as well as personnel
qualification have to be understood as critical requirements. These aspects, if appropriately addressed,
and accordingly to the defined key time frames, could pave the way to a more sustained adoption of this
technology.
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1. Introduction

Additive Manufacturing (AM) is the process that
combines the use of software to transform a digi-
tal model, usually a Computer Aided Design (CAD)
file, into a 3D printed part. It can be described as
the deposition of successive layers, given a spe-
cific material, to achieve a net-shaped product.

In additive production, the materials used are
considered the differentiated aspect in each prod-
uct produced. Plastic and plastic compounds are
at the forefront of materials used by Additive Man-
ufacturing. Its cost and ease of handling, combined
with its properties, gave plastic parts an edge over
other materials that can be used such as metal,
ceramics, thermoplastics or composites.

However, plastic products are associated with
prototyping, rather than functional components. As
a result, the use of metal and metal derivatives
starts to be studied and implemented as a manner
to achieve finished part production. Currently, met-
als adopted for Additive Manufacturing are steel
(tool and stainless), titanium, aluminum, nickel,
and cobalt-based alloys or even silver and gold (Ju-
rrens, 2013).

Metal Additive Manufacturing (MAM) can have
many applications, and its potential is enormous,
not only because of the advantages of direct part
fabrication but also the capability to process intri-
cate geometries, a key characteristic in additive
fabrication.

Perceiving the advantages of metal AM in their

1



activities, the interest demonstrated by big com-
panies as well as governments in this technology
is increasing. Huge developments are happening,
not only in the technology itself but also in the ca-
pabilities of countries adopting MAM. This is an in-
dicator that a wager on this technology is required
once, in the future, it can give a competitive edge
over other countries. While some are pushing the
technology forward, others are waiting for develop-
ments to happen. Being Portugal subjected to a
lot of volatility and uncertainty, and having in mind
investments already made, it is expected that it
will be a country that needs to buy the technology,
rather than being the provider.

Consequently, this work emerges from the ne-
cessities that are nowadays visible regarding the
national panorama, responding to the needs of
stakeholders and the need for increased aware-
ness of the advantages of this technology. Re-
lying on a benchmarking strategy, good practices
of world applications are studied within different in-
dustries. This study is performed so as to provide
a ground basis for the definition of critical aspects
that have to be monitored for the incursion of the
technology in the national context.

The fundamental goal of this work is to set out
the current scenario of potential applications re-
garding metal AM and propose a roadmap for the
Portuguese industry to catch up the process of
technology development based on this production
method.

A roadmap is a strategic plan that can branch
out to different areas. As a result, a clear and con-
cise delimitation of priorities and goals needs to
happen in order to attain a meaningful and precise
roadmap (van der Hoeven, 2016).

Serving as a means to an end, the roadmap is
then able to help in the definition of key issues
and present the consequent objectives to over-
come them. It allows a better understanding of the
timeframes and milestones that are needed in the
long run for the correct implementation and sus-
tainability of the technology in Portugal.

2. Background

Additive Manufacturing has the ability to revolu-
tionize a number of industries, being considered a
disruptive technology for some time now. Given its
numerous advantages, like the processing of intri-
cate geometries and its time-saving characteristic,
AM is suited to perform all kinds of designs that the
manufacturer desires (Koff and Gustafson, 2012).
In spite of this, there are still some issues that need
to be addressed. Mass production, as well as ma-
terial utilization, are yet to be resolved. Not only
that, but the consistency of production and certi-
fication of parts are critical limitations that under-

mine the implementation of AM.
Concerning metal Additive Manufacturing, and

accordingly to Harris (2011), the main characteris-
tics to take into account, when processing a metal
AM part, is the material and the energy used. Dif-
ferent processes can be adopted using metallic
materials, being powder-bed processes and pow-
der feed systems the ones with more representa-
tion.

Powder-bed processes use an energy source to
join the powders together in order to produce given
layers, consequently achieving a final product. As
the powder is spread at the bottom of the build
chamber, a focused tool is applied to bind the ma-
terial deposited. After this, another coating of pow-
der is spread through the work area, being the pro-
cess repeated until the part is completed (Frazier,
2014). Selective Laser Melting, Selective Laser
Sintering, and Electron Beam Melting are some
of the processes implemented nowadays regard-
ing this method.

Powder Feed Systems are also used for han-
dling metal materials. This system achieves the
3D behavior by melting the powder as it leaves the
nozzle, where the energy source is also located.
By delivering the powder through the use of a gas
jet, usually coaxially with the laser beam, the ma-
terial is integrated into the moving weld pool, con-
sequently achieving a layer (Santos et al., 2006).
Laser Engineered Net-Shaping (LENS) is one of
the processes used for metal fabrication.

2.1. Industrial applications

The benefits for certain sectors are tremendous,
since, in some cases, a metal AM product achieves
better properties than one processed with tradi-
tional manufacturing.

In the aerospace sector, there is a massive de-
mand for additive production, since the advantages
concerning weight reduction are critical. Another
aspect to take into consideration is the achieved
cost reduction. The ratio between the mass of the
material acquired and the mass of the part that is
produced, or buy-to-fly ratio, presents a lower value
compared to subtractive methods (Horn and Har-
rysson, 2012). Since metal AM requires the exact
amount of material to process a finished product,
there is no waste of material that, in this industry,
has a high cost associated. The main applications
in aerospace are for engine related components
(Jurrens, 2013). The first to implement a metal ad-
ditive product into its operations was Airbus, which
produced a titanium bracket for their commercial
aircraft and applied it in their production line after
the bracket went through a series of test flights.
Other applications fall into repair and maintenance
of parts as well as spare parts supply.
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As for the automotive sector, the main character-
istics that metal AM can provide to this sector are
the capability to achieve custom production and
the reduction of production time (Campbell et al.,
2012). Once again, applications and developments
are happening in engine components area. How-
ever, in the future, customization could impact this
sector, paving the way for the appearance of new
business models.

The medical sector has an advantage in work-
ing with additive production. Resorting to imag-
ing techniques, like Magnetic Resonance Imaging
(MRI), customized components can be processed
since the data is collected for a specific patient. An-
other advantage of using this production method
is the capability of creating a highly porous part.
This allows bone and tissue in-growth, reducing
bone rejection rates. Customized production is
then an advantage, being used in prosthetics and,
also within the dental area, for implants.

Other applications are beginning to appear in dif-
ferent areas. The ability to perform intricate ge-
ometries allows the manufacturing of inner and
complicated designs used for the oil and gas in-
dustry and the application of molds.

(a) Wing bracket.
Source: (Koff and
Gustafson, 2012)

(b) Acetabular cups. Source:
European Powder Metallurgy
Association

Figure 1: MAM applications

2.2. Global panorama

MAM worldwide has been developing, present-
ing nowadays a very interesting growth rate. Ac-
cordingly to (Wohlers, 2016), in 2015, 808 metal
machines were sold. Moreover, the revenue for
metal materials reached an estimation of 88.1 mil-
lion dollars, compared to 48.7 million dollars from
the previous year. Metal is accounted for 11.5 %
of the material market segment, being only be-
hind photopolymers and thermoplastics, once this
material was implemented several years later. All
these factors allowed several companies to wager
on the capabilities of metal Additive Manufacturing.
The market is controlled by companies that have
been at the forefront of the development of this
technology, being Stratasys and 3D Systems the
ones with more representation. Others start to ap-

pear like EoS, Renishaw or Trumpf, demonstrating
that this market has the potential for development.

Realizing this shift of mentality, and due to the
policies and investments made, public and private
partnerships began to appear in the United States.
This interest resulted in an uprising of power by this
country concerning AM. Currently, North America
is number one in industrial systems implemented
(39.7%), compared to all the other major regions
of the world (Wohlers, 2016).

Not only in the United States of America but
also all over the world, investments and studies are
happening for the development of MAM. Australia,
back in 2011, implemented a roadmap for the de-
velopment of metal-based Additive Manufacturing,
being currently developing new processes regard-
ing powder-bed fusion methods.

China’s significant investment has been in the
development of metal AM for the use of aerospace
and defense industries. This was done by the
implementation of the National Additive Manu-
facturing Industry Promotion Plan back in 2015
(Wohlers, 2016).

European countries have been attempting to
promote more their national competences in AM
and metal AM, therefore maintaining leadership in
activities regarding this topic. The United Kingdom
(UK) is an example of a country that has been at
the forefront of knowledge and development of AM.
In fact, it is stated that by 2020, AM market in the
UK can reach 5.7 billion pounds. However, gaps
and market failures were identified, which were ad-
dressed in AM Steering Group (2015). What was
proposed was the development of a national strat-
egy that required the engagement of the govern-
ment so as to develop a ”rapid, high value industri-
alisation of AM” (AM Steering Group, 2015).

3. Methodology

The methodology carried out in this work had
the main objective of presenting a technological
roadmap. Relying on the input of stakeholders, in-
terviews were performed, and a workshop was at-
tended for data to be achieved.

While workshops are an efficient tool for discus-
sion among stakeholders, interviews allow a more
focused approach, being majorly acknowledged as
a primary data collection method (Dicicco-bloom
and Crabtree, 2006). Semi-structured interviewing
was used in this work since it is possible to obtain
more in-depth information. Furthermore, it shows
an adaptive nature, where the questions asked can
be adjusted from the responses given by intervie-
wees, paving the way for a more informal process.

From a total of 30 individuals identified, 12 in-
terviews were performed. Moreover, further data
was collected taking into consideration the analy-
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sis to critical sectors of the Portuguese industry.
Aerospace, automotive and medical sectors have,
outside the country, tremendous importance in the
adoption of this technology. As a result, an un-
derstanding of the requirements of these sectors
within the national context had to be made. As for
the molds and metallurgical industries, these have
a significant impact on the economic performance
of the country and are directly influenced by the
adoption of this technology.

3.1. Roadmap model

Building the roadmap requires a set of neces-
sary steps for the efficient adoption of the strat-
egy formulated. The definition of sound baseline
data gives a perception of the current situation of
the technology. Identifying stakeholders, the in-
vestment that has to be made, the level of devel-
opment that this technology demonstrates as well
as the market where it is positioned in, allows an
understanding of the parameters that may influ-
ence the adoption of MAM. Furthermore, and be-
ing a roadmap a strategy for the future adoption of
a given technology, an awareness of the possible
futures that may influence the technology have to
be monitored. Figure 2 demonstrates the frame-
work chosen for the implementation of the national
roadmap.

Topic: Team: Date:

Step 1 Define future value 
opportunity scenario

Market
Trends & 
drivers?
Regulation? 
Standards? 
Policy?
Competing 
firms 
& technologies?
Customers?

Application
Business 
strategy?
Products?  
Services?

Sales & 
marketing?
Support for 
customers?
Distribution 
and 
logistics?

Capabilities
Technology? 
Design?
Production?
Business 
processes?
Supply?
Finance? 
Skills?
Other
resources?

Quantify
$

Application
functionality,
performance
and format

Sub-system
performance
requirements

► What?

► Why?

► How ?

Step 2
Clarify current state

Now

Market
Trends & 
drivers?
Regulation? 
Standards? 
Policy?
Competing 
firms 
& technologies?
Customers?

Application
Business 
strategy?
Products?  
Services?

Sales & 
marketing?
Support for 
customers?
Distribution 
and 
logistics?

Capabilities
Technology? 
Design?
Production?
Business 
processes?
Supply?
Finance? 
Skills?
Other
resources?

Value context?
Early / niche 
opportunities?

Value capture?
Business models?

Sub-systems?
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IP?  Funding?
Partnerships?
Functionality? 
Performance?
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Step 3b
Map market, business and commercial drivers, opportunities and 
context

Step 3c 
Map technology, finance, resource and partnering requirements, 
opportunities and context

Short term Medium term Long term

Stepping stones / Demonstrators / Decision points
What?   To whom?    When?    How?    Where?    Why?

Step 4 
Consider alternative 
paths / options

► When?

► Who?
► Where?

Step 3a 
Establish core 
path to value

Step 5 
Elaborate:
a) Assumptions, Uncertainties, 

Risks, Knowledge gaps,
Enablers & Barriers

b) Strategic sub-themes / layers
(‘unpack’ core path for Step 3; 
cluster / organise for Step 4)

c) Quantify nodes $$$ (ranges)
Estimate confidence levels

© Robert Phaal, 10 March 2017 – Roadmapping template for strategic technology and innovation management. This template must not be modified without the permission of its originators. This template may be used for non-commercial purposes. The originator/s bear no responsibility for applications of this template and expressly disclaim any liability from its use. Feedback is welcome – for research, collaboration and training, please contact Rob Phaal: rp108@cam.ac.uk cambridgeroadmapping.net

Figure 2: Roadmap framework. Source: (Phaal et al., 2015)

The decision was based on the perceived data
that could be obtained. Displaying concrete steps
and guidelines for the completion of the roadmap
allows structured thinking, but one that is not re-
stricted in any way (Phaal et al., 2015).

The roadmapping process has the ability to ad-
just to the reality it is inserted at (Phaal et al.,
2015). While the framework chosen would allow
a general comprehension of the context of MAM in
Portugal, the necessities that stakeholders demon-
strated wouldn’t be fully grasped. As a result, ad-
justments had to be made to represent the national
context of metal Additive Manufacturing efficiently.

In the framework used, from the steps that are
required to meet, only the definition of the future
value and clarification of the current state were re-
spected. The performance of the critical path was
adapted to comprise the different sectors that were
studied in this work, while the rest of the roadmap
was based on other examples like Tempelman and
Geraedts (2014).

4. National context

The national context shows opposing situations
that created some doubts related to MAM. Portugal
had the first contact with this technology back in
1997, where, through the consortium called Rede
Nacional de Prototipagem Rápida (RNPR), the
purchase of a Direct Metal Laser Sintering (DMLS)
machine was achieved. However, due to the high
costs of obtaining material and the high-level of ex-
pertise required that, at the time, Portugal didn’t
have, this technology was left behind. This under-
mined the use of this technology since the amount
of knowledge required to handle metal AM systems
was, and still is, considerable.

The financial crisis had a major impact in Portu-
gal, where funding policies and research projects
were limited or nonexistent. Following this trend,
from 2006 to 2012, activities for the development
of this technology decreased. This led to a sub-
sequent abandonment that is still felt nowadays,
where companies continue to have a wrong idea
of technology itself.

Although some developments happened, they
took too long to appear and were not well man-
aged. Through the Center for Rapid and Sustain-
able Production Development (CDRSP), in 2012,
a metal AM machine was acquired, that unfortu-
nately broke down two years after its acquisition
and shortly after the warranty had expired. In 2014,
one partnership between CDRSP in collaboration
with the Universidade de Coimbra (UC) and Cen-
tro Tecnológico da Indústria de Moldes Ferramen-
tas Especiais e Plásticos (CENTIMFE) allowed the
creation of the Portuguese Additive Manufacturing
Initiative (PAMI). This initiative has the goal to de-
velop skilled labor in order to improve competitive-
ness and innovation in Portugal. However, results
seem not to appear.

In recent years, the panorama of MAM in Portu-
gal has been improving, and research projects are
emerging. National companies are starting to un-
derstand the validity of this technology in their op-
erations, through projects related with Industry 4.0
concept, or inserted in Portugal2020 strategy.

4.1. Current Situation

Portugal is a country considered stable, not only
politically, but also socially and economically. Con-
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cerning the political framework, the political risk
index reflects this factor, where Portugal is posi-
tioned within the 27 countries with better index
(71). The economic scenario of Portugal has been
turning around, presenting, nowadays, an increase
in the order of 2.7%. Despite its volatile charac-
teristic, the Portuguese economy has been stable,
paving the way for more policies and developments
in this country.

Taking into consideration the technological
framework, Portugal can be characterized as a
technology follower. This reflects in the digital in-
dex of the country, where Portugal places 21st from
33 countries. Related to this work, Metal Additive
Manufacturing presents some advantages as well
as some critical aspects. Despite its disruptive na-
ture, Portuguese companies seem to be somewhat
reluctant in its adoption.

The data collected throughout this process al-
lows comprehending better the advantages that
this technology can bring to Portugal. The ability
to process intricate geometries and the capability
to reduce steps and therefore time are considered
relevant for the adoption of this technology. Pro-
duction of custom parts, increase in material effi-
ciency and reduction of cost are considered other
strengths associated with this technology.

Despite that, some limitations are correlated with
the use of MAM. The cost associated with con-
sumables and equipment plays a major role in the
weaknesses of this technology. Critical aspects
such as material utilization, volume of production
and the printing quality currently achieved come as
secondary aspects that harm technology.

Having in mind the strengths and weaknesses,
opportunities and threats can influence the adop-
tion of this technology in the long run. The weight
of metal industry in Portugal and the recent drop of
patents can ease a sustained adoption of MAM. As
for threats, the lack of specialized personnel and
the panorama of certification and standardization
of MAM can sabotage its acceptance.

As mentioned before, the cost practiced by sup-
pliers is still a problem, considering the reality of
metal AM nowadays. Seen as a high investment,
this technology has several characteristics that can
increase the investment made. Machine purchase
is regarded as one of the significant aspects of this
technology, concerning price. Currently, a machine
capable of processing metal easily reaches 500
thousand euros. Another element that is impor-
tant to consider is the price of consumables or raw
material. Powder materials still have a high cost
associated. For the procurement of a particular
type of stainless steel, 300e could be the price of
a kilogram of that material. Other elements come
into play like the labor rate or the necessity for ad-

ditional steps, therefore increasing the investment
required.

Taking into consideration the technological de-
velopment in the sectors studied, conclusions can
be attained regarding the overall panorama of tech-
nology in Portugal.

Sector TRL

Aerospace 4-5
Automotive 2-3
Medical 1-2
Molds 6-8
Metallurgical 1-3
Portugal 5-6

Table 1: Technology Readiness Levels for the different sectors

Currently, two realities are present in the national
market: certain companies are at a stage of re-
search and certification of the output of MAM tech-
nology. These are mostly positioned within the
molds and aerospace sector. Despite that, some
companies are reliant on the developments that
could happen in the future, while others still don’t
have the perception of the advantages of using this
technology. All in all, the Portuguese context still
presents some challenges. Capabilities are being
monitored and future adoption is a reality. On the
other hand, fundamental application is still a few
steps of being a reality. Therefore, the level of tech-
nological development in the Portuguese reality is
at a stage where there could happen an abandon-
ment or consequential follow up. Economic sup-
port and fundamental baseline research has to be
analyzed thoroughly for the sustainable adoption of
MAM in Portugal.

The sectors that may be responsible for this to
happen are molds and metallurgical. These have
a considerable representation in the exports of the
country. Molds sector, in 2017, represented an ex-
port value in the order of 675 million euros. As for
the metallurgical industry, in February of 2018, it
was registered an increase of exportation of 18.3%
compared to the same period the year before,
translated in a value of 1.487 million euros. In Fig-
ure 3, a representation of these sectors dispersed
geographically through Portugal.

Despite that, the business structure of Portu-
gal has to rely on the financial instruments ap-
plied by the Portuguese government. Currently,
the entrepreneurial context of Portugal is some-
what small. Institutions and companies that are
pushing the technology in the national context are
limited.

4.2. Future Situation

Influenced by a number of factors, the future out-
comes of this technology can’t be controlled and
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Figure 3: Geographic dispersion of molds and metallurgical
sector

are subject to a lot of uncertainty. However, the
existing trends and subliminal aspects of the Por-
tuguese context can provide some understanding
of the future possibilities.

Currently, markets are becoming increasingly
global, and these are not limited in the activities
performed within the countries. On the other hand,
demographic changes can impact the future of the
country, since trends like emigration, indicators of
birth and death and the increasingly aging popula-
tion will be factors to take into account.

As for MAM, the aspects that may impact pos-
itively its adoption are: the recent investment in
Industry 4.0 technologies, the early adoption of
molds and the interest that it has for the metallic
sector as well as the increasing academic research
that is being made.

Taking all into consideration, key uncertainties
surrounding the future of this technology can be
defined. They were identified as: evolution of the
economic and financial context and the technolog-
ical development. Having in mind that four con-
figurations can be achieved, the one contemplated
for this work is the high technological development
and the stable evolution of the economic context.

5. Roadmap

This chapter is divided so as to give a concise
explanation of the steps that were made in order to
build a concise roadmap.

5.1. Future value

The scenario of high technological development
and stable economic context contemplates a time

span of 10 years. In these 10 years, critical devel-
opments need to happen.

For the completion of the future value, three seg-
ments have to be respected: market, applications,
and capabilities. Fulfilling them will allow a bet-
ter understanding of the future that may be con-
sidered.

Indicators from the market segment are adjusted
with the trends that are beginning to happen such
as the shift for customizable production or the in-
creasingly global industry. Not only that but also
following the work performed, a growth in metal
AM market seems feasible. Patent fall may pave
the way for the increase in the number of ma-
chines and materials sold as well as the appear-
ance of niche markets. Metal AM will be attractive
to the Portuguese reality as a result of the growth
achieved by the molds and metal sectors in the fu-
ture.

In terms of outputs produced, a consensus starts
to appear in the developments that materials and
machines will achieve. A reduction of cost prac-
ticed by suppliers will happen, and other processes
concerning metal AM will appear. Another impor-
tant aspect is the increase in the dimension of
Portuguese companies due to supply chain opti-
mization. Through product and process differen-
tiation, Portugal can also become a more com-
petitive country, displaying process development
leadership. All in all, products will begin to ap-
pear in the Portuguese reality related with auxiliary
component fabrication, production of refrigeration
channels and critical in-flight components.

For the desired capabilities, the influence of the
government is critical, being its responsibility the
reduction of burocratization and the implementa-
tion of funding policies. However, technological
advancements also have to be assured by com-
panies, implementing co promotion projects and
newer solutions for production. In doing so, inter-
nationalization could be achieved. Consensus re-
garding the advantages of the technology will ap-
pear and higher levels of scientific research will be
achieved.

5.2. Current state

Whilst the future outcome of metal Additive Man-
ufacturing in Portugal was already contemplated,
the current state needs to be clarified.

There is a perception of the existence of a global
market where significant developments and appli-
cations are happening, but also a national one
where market leaders and a stable context favor
metal AM. Not only that but also within the molds
sector, clients are already specifically requesting
the adoption of this technology in the products pro-
duced. Tools like Portugal2020 and projects re-
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lated to the Industry 4.0 concept help in the as-
sessment of this technology. However, the fact that
funding policies aren’t well implemented can in-
fluence the future adoption of MAM. Furthermore,
there is a need for scale-up of companies that are
positioned in this market since nowadays their di-
mension is still below the expected, having in mind
the investment that is still required.

As for the products implemented, currently, there
are issues related to the cost of materials and ma-
chines and lack of investment solutions. Moreover,
there is few market for parts produced in Portugal,
being one of the factors the small batch produc-
tion that is implemented nowadays. Despite that,
the existence of clients is assured. This is done
through the adoption of components for the molds
sector in Portugal and the relationship of this sec-
tor with exportation. Other companies are currently
looking at this technology since developments are
happening in terms of materials and machines.
Selling machines and consumables is the current
implemented business model. However, and due
to the relationship between existing software, like
Topology Optimization (TO), other models could be
followed.

Finally, several capabilities assure a reliable in-
vestment in this technology, like the ability to per-
form intricate geometries as well as time and cost
reduction. Not only that, but the accessibility to Eu-
ropean funding and the ease to achieve funding
applying for an Industry 4.0 project, assure eco-
nomic support for MAM activities. Despite that,
there is a need for better understanding and cer-
tification of processes. Technology itself needs to
be developed to the point where the realization of
all the advantages of this technology is achieved.
This may be done by the internal know how that is
currently present in the companies or by certifying
the process associated with MAM production.

5.3. Critical requirements

The definition of critical requirements provides
the overall framework for the roadmap developed.
In doing so, three aspects are considered critical
for the development of MAM technology.

Materials

Material standardization can be described as the
capability of materials to demonstrate the same
properties throughout the supplied material. Enor-
mous doubts arise about the quality of the powders
and whether or not they change the characteristics
of the parts produced. The influence of the size,
shape and density of a powder has to be under-
stood in order to achieve efficient final part produc-
tion. Providing specifications within the powders
supplied can help reduce the risk of part default.

Furthermore, adopting a material database allows
the manufacturer to understand which material is
best for the process selected and what are the out-
comes of using a different powder in different pro-
cesses.

Nowadays, metal additive production is associ-
ated with the use of materials that have already
several properties studied. However, the range of
materials that are processed compared to tradi-
tional manufacturing is still below expected. The
use of bio compatible or lightweight materials are
examples that need to be studied and implemented
in the medical and aerospace sector, respectively.
Furthermore, the use of Functionally Graded Ma-
terials (FGM’s) can achieve in the future higher im-
portance due to their properties.

Apart from material adoption and understand-
ing, there has to be an acceptance of energy ef-
ficient methods as well as replenishing methods.
Since the use of metal AM is still related to public
health issues, like the possible inhalation of metal-
lic powders, better feeding systems should be im-
plemented and developed.

Finally, there has to be a cost reduction con-
cerning the supply and procurement of materials.
Nowadays, the technology is still only accessible
to high economic groups. As a result, democrati-
zation of prices has to happen, being suppliers re-
sponsible for achieving new markets and new ways
of making business.

Machines

Metal AM processes still demonstrate some is-
sues. One of the most critical aspects is the vol-
ume of production, where the build envelope cur-
rently implemented is too small for efficient pro-
duction. Not only that, but despite already achiev-
ing reductions in time, the vision is that additive
production can achieve higher speeds. Moreover,
large part production could be a reality, since, in
the Portuguese reality, developments are already
happening.

Compared with traditional manufacturing, metal
additive production still falls below in terms of re-
peatability and reproducibility. Currently, there is
still no process control or output standardization.
The process needs to surpass a phase of un-
derstanding and then certification, where all the
stages are modulated and understood. Further-
more, several problems are associated with the
definition of metrics and parameters. As a result,
for higher machine capability, process engineering
has to be developed.

Another aspect that is critical for the develop-
ment of MAM is the reduction of machine cost
since it is is still considered a high investment. In
doing so, the appearance of low cost machines and
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the reduction of pre and post processing steps may
allow a decrease in this aspect.

There is an additional need for in process moni-
toring capabilities. Even though developments are
already happening in this field, process variations
have to be understood and controlled so that prod-
uct output can be as efficient as possible.

Personnel

One of the aspects that prevented further devel-
opment in the past was the lack of expertise in the
national context. Currently, the situation remains
the same. As a result, a critical requirement for
the future is supplier and personnel certification.
Despite the existence of expertise within the com-
panies, the majority of professionals don’t have the
necessary knowledge to handle metal machines or
materials. On the other hand, Portuguese suppli-
ers still employ processes that don’t correspond to
the Additive Manufacturing manner. A shift of men-
tality and process needs to happen for that corre-
spondence to appear.

Another aspect to take into consideration is the
lack of educational resources regarding this topic.
Educational institutions don’t solve concrete prob-
lems that are presented in industrial context, and
within the companies, few personnel is specialized
in MAM. For that reason, necessities of the market
have to be answered by research centers and uni-
versities. There is a need to educate people not
only outside but also within companies.

Taking into consideration the business structure
in Portugal, two distinct conditions are shown. As
mentioned previously, despite market leadership
from molds and metal sectors, not only in the na-
tional context but also internationally, the context of
companies positioned in other areas is quite differ-
ent. The dimension of the Portuguese companies
in the metal AM market is considered small, com-
pared to other companies worldwide. Therefore,
growth in terms of activities and market needs to
happen for them to be more competitive. Funding
capabilities can help companies reduce the risk in-
volved in this technology and help them develop
even further.

5.4. Discussion

The roadmap achieved is represented in Figure
4. Up until now, the requirements for an effective
future value were presented, and the current na-
tional panorama was understood. Therefore, and
having in mind the critical requirements defined, it
is possible to discuss the timelines chosen for the
construction of the roadmap.

For the correct implementation of the technology
in the different sectors studied, different timelines
are considered.

Industrial implementation

Relying on the interviews performed, it is pos-
sible to understand that the sector that has a
shorter time span for developments to happen is
aerospace. Since companies positioned in this
sector are dependent on innovative solutions, and
lightweight components have a huge impact, it is
expected that developments and consequent total
adoption could happen in one to three years at crit-
ical in-flight components.

As for the automotive sector, here, national com-
panies are too much dependent on the develop-
ments made by the groups that they are inserted.
As a result, the adoption of this technology will fol-
low what is made outside the companies, resulting
in a high time span for a maximum of 10 years. This
technology could have an impact in this sector for
the production of auxiliary components.

The medical sector follows the time span that is
predicted for the automotive. However, the require-
ments are entirely different. Reliant on the accep-
tance of the medical staff positioned in hospitals,
adoption could happen in specific and customiz-
able solutions for pathological issues.

Despite the high impact of the molds sector and
the current implementation of MAM technology,
several developments still need to happen for the
technology to be fully adopted. In five to 10 years,
it may be possible to see machine and material im-
provement that ease further integration of refriger-
ation channels in the molds produced.

As for metal, this sector is at an opposing stage,
where some companies are already realize the ad-
vantages of working with this technology, while oth-
ers are still unaware of the developments that are
happening. In doing so, five to 10 years seems to
be an appropriate time span for the adoption of this
technology in auxiliary components that present
better mechanical properties than the ones cur-
rently achieved.

Timelines

From the definition of the critical requirements,
key aspects have to be developed in 5 years for
the adoption of this technology in Portugal.

Build volume improvement, material standard-
ization, speed of production, reproducibility and re-
peatability, surface quality improvement, process
understanding and certification, suppliers certifica-
tion, engineering development, awareness of the
technology, professional training and supply chain
optimization are the characteristics that have to be
addressed in the first stage of development of the
technology.

After that, definition can happen of the require-
ments that take longer to develop and that are
correlated with other aspects. Cost reduction of
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Figure 4: Roadmap developed

materials is an important step in the adoption of
MAM. While in the first years this reduction is lim-
ited by the interests of suppliers and the influence
of patents, within two years, a reduction of costs
can begin.

Once material standardization and surface qual-
ity improvement are achieved, there could be an
adoption of newer and more materials. Since other
materials are already studied and implemented,
this adoption will come faster, taking a maximum
of three years, following supply chain optimization.
After that, the use of FGM’s can be accomplished,
being this considered an additional step.

In terms of efficient production, within 10 years,
it may be possible to achieve batch production in
small runs. Developments are already happening,
but they will take some time to be implemented
correctly, since this may lead to mass production.
On the other hand, large part production is already
contemplated in the strategy of some companies,
but additional understanding has to be made be-
cause, nowadays, there are issues related with this
production method. As for finished part production,
developments in this area are limited by the level
of growth that can be obtained from reproducibility
and repeatability of parts as well as process engi-
neering.

Once again, the evolution that repeatability and
reproducibility can achieve will influence the adop-
tion of hybrid processes. In the end, this will
also be correlated with the communication accom-

plished between materials and machines. The re-
duction of pre and post processing steps is influ-
enced by the level of improvement of engineering
as well as process understanding and certification.

Material and machine communication can be
processed once developments regarding materials
and processes are achieved. The interests of sup-
pliers will influence its adoption, being required a
higher time span for total adoption. As for building
sensors, improvements will start to appear in the
same time period as material and machine com-
munication.

Related with education and funding capabilities,
these characteristics take longer to develop since
the responsibility relies on various stakeholders.
Pilot projects for education will progress after pro-
cess engineering and understanding. Further-
more, companies will have to continue to imple-
ment co promotion projects for the development of
this technology, as it already happens.

The last aspects that have to be processed and
take longer to achieve are the ones that involve
more research and responsibility from public enti-
ties. R&D for technological development is a re-
sponsibility of research centers and companies.
However, there will be a point in time that devel-
opments begin to decrease, being more difficult to
obtain innovations regarding MAM. Educational re-
sources have to be continuously implemented so
that expertise can be achieved throughout this pro-
cess.
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Finally, funding policies will also have to be ap-
plied through this whole process as a manner to
mitigate risk and demonstrate support in develop-
ing this technology. In the end, the relationship with
research centers has to be improved for companies
to attain more knowledge and research centers to
apply more practical solutions that may impact in-
dustries.

6. Conclusion

Metal Additive Manufacturing demonstrates
tremendous advantages, allowing companies to
implement this technology all over the world. Con-
sidered a new manufacturing solution, its adoption
can bring a competitive edge to the business struc-
ture of Portugal.

As a result, the roadmap performed contem-
plates a series of recommendations for the Por-
tuguese industry to catch up the process of tech-
nological development.

Improvements in terms of materials, machines
and human resources are necessary for MAM to
achieve higher levels of growth. Since the short
term future may have more impact on the adoption
of this technology, the key aspects to develop in
five years are defined. Related to the current is-
sues of MAM in Portugal, these factors have to be
resolved first for effective solutions to be accom-
plished. Material standardization, increase the vol-
ume of production, solutions for repeatability and
reproducibility, process certification and technol-
ogy awareness are some of the examples.

Correlated with these, secondary aspects are
considered in order to happen a higher develop-
ment of this technology. The reduction of cost is an
aspect that needs to be assured for a more democ-
ratized approach. Furthermore, in-process moni-
toring capabilities, adoption of a wider range of ma-
terials or new solutions for production have to be
carefully though in a more distant future. Funding
capabilities as well as personnel training will have
to be a continuous process in order to happen a
sustainable growth of MAM.

The roadmap achieved allows stakeholders to
perceive the steps and milestones that are needed
for a correct adoption of this technology. In do-
ing so, what is essential to attain, its not the times
themselves, but the relationships of the factors that
were contemplated as critical.

The focus of the work performed was the imple-
mentation of a strategy for the adoption of metal
Additive Manufacturing in the operations of na-
tional companies. As a result, the validity of the
results obtained was not contemplated. Research
and discussion from stakeholders has to happen
for the validation of the roadmap.
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