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sectors' competition, which will presumably suffer from increased rivalry tensions. 

© 2022 The Authors. Published by ELSEVIER B.V. This is an open access article under the CC BY-NC-ND license 
(https://creativecommons.org/licenses/by-nc-nd/4.0)
Peer-review under responsibility of the scientific committee of the 4th International Conference on Industry 4.0 and Smart 
Manufacturing
Keywords: Additive Manufacturing; Porter’s Five Forces model; Case study research.

* Corresponding author. 
E-mail address: sns.dias@campus.fct.unl.pt; p.espadinha@fct.unl.pt; Florinda.Matos@iscte-iul.pt

Available online at www.sciencedirect.com

ScienceDirect
Procedia Computer Science 00 (2022) 000–000

www.elsevier.com/locate/procedia

1877-0509 © 2022 The Authors. Published by ELSEVIER B.V. This is an open access article under the CC BY-NC-ND license 
(https://creativecommons.org/licenses/by-nc-nd/4.0)
Peer-review under responsibility of the scientific committee of the 4th International Conference on Industry 4.0 and Smart Manufacturing

4th International Conference on Industry 4.0 and Smart Manufacturing

A Porter’s Five Forces Model Proposal for Additive Manufacturing 
Technology: A Case Study in Portuguese industry

Soraya Diasa, Pedro Espadinha-Cruzb, Florinda Matosc

aNOVA School of Science and Technology, Universidade NOVA de Lisboa, Caparica Portugal
bUNIDEMI, Departamento de Engenharia Mecânica e Industrial, NOVA School of Science and Technology, Universidade NOVA da Lisboa, 

Caparica, Portugal
cLisbon University Institute – ISCTE – DINÂMIA’CET-IUL – Centre for Socioeconomic Change and Territorial Studies, Lisbon, Portugal

Abstract

Industry 4.0 constituted a trigger to a new phase in the Industrial Revolution, heavily focused on the interconnectivity of the 
systems, bringing disruptive technologies such as Additive Manufacturing (AM). On top of that, in the past few decades AM has 
been gaining visibility due to technological evolution and due to the need to increase differentiating factors to overtake competitors.
Coupled with this, phenomenon such as increased firms’ competitivity and rivalry, increased customer demand and diversity and 
the shift from an industrial economy to a knowledge-based economy are leading to the emergence of new business models.
However, despite of AM’s business possibilities, in literature it is missing a model to analyse the impact of AM in business strategy. 
Accordingly, the present research focuses on understanding how AM impacts firms’ business strategy. To achieve that objective, 
is proposed an adaptation of Porter’s Five Forces Model to aid in positioning firms’ strategy when using AM. The model was 
applied to 13 organisations operating with AM in Portugal. It was possible to conclude that all the participating firms, except one, 
fit in the incremental stream of development as regards to AM technology, where AM technologies appear as a complementing 
technology. Also, the participating firms seem to experience the low capability to capture specialized workforce for AM, high 
capital requirements to enter the market and low IPR regulation. AM brings an opportunity for higher bargaining power to arise
due to 'prosumerism', yet it does not add value as a tool for the standard products industry. Moreover, suppliers strongly influence 
sectors' competition, which will presumably suffer from increased rivalry tensions. 

© 2022 The Authors. Published by ELSEVIER B.V. This is an open access article under the CC BY-NC-ND license 
(https://creativecommons.org/licenses/by-nc-nd/4.0)
Peer-review under responsibility of the scientific committee of the 4th International Conference on Industry 4.0 and Smart 
Manufacturing
Keywords: Additive Manufacturing; Porter’s Five Forces model; Case study research.

* Corresponding author. 
E-mail address: sns.dias@campus.fct.unl.pt; p.espadinha@fct.unl.pt; Florinda.Matos@iscte-iul.pt

http://crossmark.crossref.org/dialog/?doi=10.1016/j.procs.2022.12.212&domain=pdf


166 Soraya Dias  et al. / Procedia Computer Science 217 (2023) 165–1762 Author name / Procedia Computer Science 00 (2022) 000–000

1. Introduction

Global markets have had to increase their pace to keep up with the constant technological evolution [1]. New 
disruptive technologies are creating space for the emergence of new types of business and production models that 
arise in response to digital transformation, requiring high levels of efficiency and flexibility [2]. As a consequence, 
organizations have to be diligent and look for ways to strengthen their market position and gain competitive advantage 
[3]. Additive Manufacturing (AM) stands out as an emerging technology with the potential to disrupt classical business 
models. Being a disruptive technology with innovative and complex products, the implementation of AM requires 
good process management as the dynamics of new business models are not yet known [1]. As a result, companies are 
facing several challenges as the traditional ways of doing business are being changed. Thus, organizations are being 
forced to rethink their business models (BMs) [4].

The importance of developing and employing an appropriate business model that is aligned with the companies' 
value proposition stems from the fact that simply using good technology is not enough [5]. R. Godina et al. (2020) [6]
argues that since this topic is an emerging research area, tangible or case-based evidence is still scarce and knowledge 
and evaluation models are crucial. In this sense, the present research intends to fill this gap by aiming to investigate 
the impact of AM on business strategy. In previous research, a model based on Porter's Five Forces [7] adapted to MA 
was developed. In a first phase, the development of the model consisted in identifying constructs that fit the 
perspectives of MA in Porter's forces. The present article reports on the second phase of the research, where the results 
of the application of the model developed in 13 Portuguese companies using AM are presented.

The article is structured as follows: in section 2, is presented the state-of-the-art in AM business models and 
strategy; in section 3, is presented the proposed the adapted Porter’s Five Forces Model and the survey method; in 
section 4 are presented the results of the survey; section 5 provides the discussion on the results; last, in section 6, are 
presented the main conclusions for this research.

2. Literature review

2.1. Industry 4.0 as propulsor of Additive Manufacturing

Industry 4.0, also known as the Fourth Industrial Revolution, has been a turning point for a new era in 
manufacturing, leading to the digitization of business models, environment, production systems and machines, among 
others [8]. Artificial Intelligence (AI), Internet of Things (IoT), Big Data, Cloud Computing, Additive Manufacturing 
(AM), Augmented Reality (AR) and Machine Learning are technologies that form the basis of Industry 4.0 that have 
revolutionized manufacturing systems and everyday life [9]. 

Additive Manufacturing (AM) stands out as a technology that mimics biological processes by additively building 
parts in layers. In the context of Industry 4.0, AM emerges as a key technology for this digitized and smart era, 
enabling rapid product development through an additive process rather than the usual subtractive or molding forms of 
traditional manufacturing [6]. In general, the current stages of AM implementation in the production process can be 
summarized into three main parts [10]: model creation/reverse engineering; printing; and finishing process.

The relevance of AM lies in the fact that the manufacturing paradigm is likely to shift from mass production to 
mass customization as a consequence of consumers taking a more active voice in the production process, either as 
agents of co-innovation or of choosing predetermined options to compose the final product as best satisfies them [11]. 
Another phenomenon in focus is the emergence of smart factories. Due to their modular nature, these types of factories 
have the ability to change and reconfigure flexibly in order to respond quickly to customer needs and, consequently, 
product changes [12]. 

2.2. Factors affecting firms’ strategy

The advances in AM lead to the emergence of new business models [4], and, as consequence, companies are force 
to rethink their positioning. To address the strategic impact of AM, in prior research (see [13]) was suggested to track 
the influence of AM in firms’ strategy using the Porter’s Five Forces Model [7]. Hence, we address literature findings 
on the perspective of each force.
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Threat of new entrants
Extended Producer Responsibility, introduced by [14], has made it mandatory for producers to accept returned 

products and waste that remains after those products have been used. This implies that producers need to have 
resources to deal with the product at the end of the life cycle, either as labor capacity, space and/or financial funds 
[15]. This can appear as a barrier to small producers who may want to enter but do not already have the infrastructure 
to do so.

From a knowledge perspective, early adopters of AM gain an advantage over later adopters. In addition to this fact, 
attracting skilled labor is vital [16], [17].  

Intellectual Property Rights (IPR) will also play an important role when it comes to the threat of new entry. The 
lack of IPR protection or the expiration of patents could give an advantage to other organizations or consumers who 
take advantage of this unregulated knowledge [18]. The dichotomy around IPR is that, depending on the perspective, 
it can be an opportunity or a challenge for new entrants [17].

Bargaining power of customers
In this strength is the introduction of Extended Consumer Liability legislation, Democratization of manufacturing, 

Globalization and information sharing. The introduction of Extended User Responsibility has given consumers the 
right to repair their own products, something that may be enhanced by "prosumerism" [24]. The latter has been made 
possible because AM is increasingly accessible to the consumer - democratization of manufacturing. 

In addition, the growth of information technology also allows the consumer to have access to more information 
and to shop online, not only locally but also globally [3].

Threat of substitutes
There are two main threats of substitutes using AM technology. On the one hand, the modularity facet of this type 

of product empowers the emergence of "swap 'n' go" suppliers. A swap 'n' go vendor is a qualified manufacturer that 
is certified to make updates or repairs to the product design, allowing individuals to not throw away or replace their 
products [15]. On the other hand, AM cannot compete entirely with conventional manufacturing in the field of mass 
production, for example, standard products that pose a high threat depending on the industry in which the organization 
operates [19].

Bargaining power of suppliers
One of the most popular consequences of AM, is the decentralization of supply chains, and consequently its 

shortening. AM is digitizing supply chains (SCs) both by empowering the shift from physical to digital inventory 
since [20], [21]. The decentralization of SCs is threating suppliers’ power as “glocalization” is placing manufacture 
closer to the final customer. 

Also, as “Bargaining power of suppliers” is the flip side of “bargaining power of customers”, the democratization 
of manufacturing will also affect this force. Thus, “prosumers” will similarly to other suppliers on industry constitute 
a threat [20]. Nevertheless, AM turns feasible the adoption of vertical integration by suppliers which allows them to 
take advantage of both decentralized nature of new SCs and resources already detained [22].

Rivalry among the existing competitors
Bearing in mind that MA is an expanding technology that is more flexible than traditional methods, it becomes 

possible that each company can serve different markets simultaneously, with rivalry emerging as a new sector [20].
The environmental awareness of various players, as well as emerging environmental regulations, has tended to 

increase the demand for value-added products with long life cycles [15]. This phenomenon may press this strength 
due to the phenomenon of globalization, as organizations compete globally. 

It should also be noted that the progress made in IT and the emergence of disruptive technologies are giving 
organizations more access to information and knowledge, which allows them to be more competitive [23].

Finally, the increasing availability of 3D printing services will potentially empower prosumers with equipment, 
knowledge, and information (e.g., through FabLabs) that enables them to produce their own products. Along with this 
comes the issue regarding IPR, as there is no regulatory system to control [17].



168 Soraya Dias  et al. / Procedia Computer Science 217 (2023) 165–1764 Author name / Procedia Computer Science 00 (2022) 000–000

3. Proposed method

To study the impact that AM has in firms’ business strategy, this research proposes an adaptation of Porter’s Five 
Forces Model. Prior research consisted in developing a conceptual model that systematizes the AM influence in 
strategy according to the Porter’s five forces (see Figure 1). Details on the model development and theoretical 
validation can be consulted in [13]. For each force in the model were identified the main AM drivers that enable or 
constrain firms’ strategical positioning. 

Figure 1. Porter’s five forces model applied to Additive Manufacturing [13].

This article focuses on the application of the proposed model in industry. The methodology adopted to apply this 
model followed the guidelines proposed by (Porter, 2008):

1) Identify the relevant industry and boundaries
2) Assess the influencing factors for each force
3) Determine overall industry structure
4) Understand the dynamics of the industry
Regarding the first point, the industry in analysis is Additive Manufacturing, and the boundaries set for this study 

are only firms using this technology in their productive process.
Case study research is the methodology chosen to conduct this study. As this research intent is to explore an area 

of research where tangible and case-based evidence are still scarce, this method appears the most suitable for that 
purpose. The decision to conduct an exploratory case study research, qualitative in nature, is based on three reasons. 
Firstly, the nature of the problem under investigation requires an in-depth exploration of the phenomena [24, p. 1]
since it encompasses a disruptive technology and its impact on organizational structures. Secondly, a case study not 
only allows to observe, explain and explore a phenomenon, but it also provides a methodical way to look at events, 
collecting data, analyzing evidence and report the results [25].  As such, this is a reasonable method to assess the 
impact of AM technology on firms' business strategy by looking at a reduced dataset. Lastly, as this work focuses on 
contemporary events, where the investigator has no control over behavioral events, and intents to understand the 
participant's thoughts regarding the impact of AM on their organization [26].

The questionnaire is the research instrument chosen to respond to the three latter points of Porter's guidelines. The 
selection of the questionnaire method was based on the advantages it presents such as reduced cost, reduced time 
needed to distribute, improved access to sample elements (makes possible to overcome spatial and temporal 
constraints) and increased convenience (as respondents can complete it at any time and any-where) [27]. The 
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questionnaire consists of a questionnaire addressing the key AM constructs associated with each force as represented
in Figure 1 and explained in section 2.2.

The questionnaire was developed in a web platform and disseminated by email, where a brief description of the 
research held was given as well as the URL link to access to it. Later, answers were cross-checked with the inquired 
firms by online meetings.

4. Results

4.1. Sample characterization

The firms were selected to participate in the study based on their usage of AM on the firm's productive process. 
The universe of respondents is composed by thirteen firms operating in Portugal. The method adopted to select the 
elements of the sample was expert sampling which is a non-probabilistic procedure [28]. The respondents from the 
firms occupy positions at top/mid-level management. The most frequent positions in this sample are Project Manager, 
Engineering and Innovation Director, R&D Director, and Quality Director with 15% which corresponds to two 
persons performing each of these roles. Then with 8%, Production Manager, General Director, Technical Director, 
Manager partner and Owner, which corresponds to one person for each position.

Regarding experience within the firm, most of the respondents have worked there for at least three years. As most 
of them have contact with AM technology, plus their experience and role within the firm, this sample seems to gather 
the characteristics needed for this study.   

4.2. Threat of new entrants 

In table 1 are presented the results regarding Threat of New Entrants force.

Table 1. Questionnaire results regarding “Threat of new entrants” force
Key Factor Factor Results

Extended Producer 
Responsibility (EPR)

Product traceability 23% firms track entire product life cycle

31% do not track the product at all

Knowledge and 
Experience

Nr. of employees in AM

Education

Difficulty to recruit AM 
talent

Sources of knowledge

84% have 3 employees or less working in AM

The maximum of employees is 10

69% Bachelors

31% MSc

77% find difficult to recruit AM workers

47% autonomous learning

32% third party learning 

31% collaboration with academia

Capital Requirements

Intellectual Property 
Rights (IPR)

Investment in AM

Knowledge protection

31% firms invest less than € 1,000

31% invest between € 1,000 and € 10,000

15% invest between € 10,000 and € 50,000

15% invest more than € 50,000

8% did not respond

77% of firms don’t protect IPR

23% use utility models, confidentiality agreements and patents

Regarding EPR, the objective is to test the feasibility and time required to introduce EPR. For that the participating 
firms were asked about the level of traceability of their products/services. Most of the firms, except 31% that 
corresponds to four firms, can track their products/services. However, from those who can track their products, only 



170 Soraya Dias  et al. / Procedia Computer Science 217 (2023) 165–1766 Author name / Procedia Computer Science 00 (2022) 000–000

three firms (23%) can follow their products throughout the entire lifecycle. These firms are the ones who work with 
the automobile sector. This means they can accept returned products and residues that remain after usage and give 
them proper treatment, especially in this case where the firms in question are large enterprises. 

Firms that work in sectors like the automotive are already prepared to implement the EPR law since it is already 
possible to know the origin of the products through the serial numbers on it. Figure 2 shows the existing possibilities 
for tracking and frequency of each.

Figure 2. Product/service traceability.

Concerning Knowledge and Experience, the focus is to identify how many employees work with AM technologies, 
their education, whether there is difficulty in recruiting qualified personnel to work with AM technologies and how 
firms acquire knowledge about those technologies. Even though the firms in study are mostly medium-sized/large 
enterprises, the number of employees allocated to additive production is a maximum of 10, given that they mostly use 
AM to support rather than to produce. For these same workers, the most advanced level of education is, in general, 
bachelor's degree (69%). The absence of professionals with a PhD level of education may be due to fact that AM 
technology opportunities have only been noticed in the last decade. Besides, many firms only use it to support rather 
than to produce, hence this does not constitute an attractive situation for professionals with that academic background. 

About whether there is difficulty in recruiting qualified personnel to operate with AM technologies, most of the 
firms (77%) agree that it is difficult. Of those who agree, the most frequent justification is the lack of personnel with 
adequate training, or that those who have the knowledge are makers who have other areas as their training and 
profession, working on it only as a complement or hobby, not being available to enter the labor market purely in this 
area.

As regard to capital requirements firms were asked about investments made on AM technologies in the last year, 
concerning software, equipment, and specialized workforce, either as training or employment. This is a topic of 
interest as one of the premises of the proposed model is that the use of AM will reduce upfront investments due its 
free forming nature. 

Figure 3. Weight of production using AM on the business.
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Figure 4. AM usage purpose.

Most of the firms (62%) spent less than 10 000€ in the last year, which is in line with the weight of production 
using AM on the business and the purposes of use showed in Figure 3 and 4. Two firms, corresponding to 15%, 
invested more than 100 000€ in the last year. Among those two firms is one of the participating firms that uses AM
technologies the most, namely fused deposition modelling, selective laser sintering or stereolitography, which using 
industrial systems can cost more than 10 000€ each. The other firm is the one who uses Laser cladding for producing 
the final product, which has expensive set-up costs. Both firms employ 1 to 3 workers for additive production.

Lastly regarding the Intellectual Property Rights, firms were asked about how they protect the knowledge held 
concerning AM technology. As should be expected, most of the firms (77%) do not use any method available to 
protect the knowledge regarding AM technologies. However, there are two firms that utilize patents (15%), where one 
also uses trade secrets plus confidentiality agreements while the other combines patents with utility models. Both 
firms carry out research activities.

Out of the four firms that produce final products with AM technologies, only one uses methods for knowledge 
protection, in particular trade secrets plus confidentiality agreements.  

4.3. Bargaining power of customers

Results regarding the Bargaining power of customers are presented in table 2.

Table 2. Questionnaire results regarding “Bargaining power of customers” force
Key Factor Factor Results

Extended User 
Responsibility (EUR)

After-sales services offered 54% offer support

46% have customer service

Democratization of 
Manufacturing

Globalization and 
Information

Consumers’ participation in 
manufacturing process

Prosumerism – Consumers as 
producers (new competitors)

Product information 
dissemination

38% repair customer products

69% participate in product design

46% participate in ideas generation

38% contributes to testing and detecting product failures

38% disagree or totally disagree

31% agree

31% no opinion

77% have a product website

62% provide product information through business activities

Regarding EUR the objective is to understand the feasibility regarding the introduction of the EUR legislation, the 
participating firms were asked about the after-sales services offered. As it is intended to know if firms provide 
customers with the necessary information and support so that they have autonomy to repair their product if they wish 
so.
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Many of the participating firms offer support and assistance (54%) and customer service (46%). This happens as 
the law requires it. In other cases, it may be referent to supply contracts that de-liver after-sales services. Although 
there are thirteen participating firms, only five (38%) offer repair services. Therefore, if customers could be able to 
repair their products with-out breaking warranties this could represent an opportunity for those firms that do not offer 
repair services but also for those that do. The reason why is that this could bring closer the producer and consumer, 
both benefiting from co-creation. On one hand, because customer would not need to depend on a manufacturer and 
on the other, the producer could beneficiate from customers’ feedback.  

As for the democratization of manufacturing the intent is to comprehend customers’ role in manufacturing either 
as producer or simply as collaborator. For that firms were asked about their customers’ contribution to product/service 
development. The top 3 areas where most of the firms confirm customers’ contribution are design (69%), ideas 
generation (46%) and product testing (38%). To conclude this topic of the democratization of manufacturing, firms 
were also asked to give their opinion regarding customers entering the market as producers – which is termed as 
“prosumerism”. There is no consensus about the fact that the easy access to production with AM technologies allows 
customers to enter the market as competitors. The reason why is considered that the access to AM production could 
be easy is because nowadays anyone who wants can easily have a 3D printer at home, as happened with the 
conventional printers.

Lastly concerning globalization and information, these two factors are analyzed together because the availability 
of information through non-face-to-face ways allows customers to buy globally. Most of the participating firms share 
information regarding their products on websites (77%). This suggests that although these firms are in Portugal, 
customers buy from any part of the world, as their products’ information is available for anyone who searches for it. 
Another mean that is also frequently used among these firms is business activity (62%).

4.4. Threat of new substitutes

Results regarding the Threat of Substitutes are presented in table 3.

Table 3. Questionnaire results regarding “Threat of new substitutes” force
Key Factor Results

General Aspects 54% disagree that their products are easily replaced by substitutes from other sectors

85% feel the pressure for cheaper substitutes 

Swap ‘n’ go Providers

Conventional 
Manufacturing

77% don’t believe that AM substitutes have better price/performance

54% don’t feel threatened by other firms’ after-sales services

62% don’t believe AM is a good method to produce standard products

To understand how these factors influence this force, firms were asked to give their opinion about some statements. 
The statements given explored topics such as substitute products, after-sales services, and conventional manufacturing 
vs additive manufacturing. From the information depicted in Table 2 is possible to conclude that the opinion of most 
of the participating firms is that there are no products in other sectors able to satisfy the needs that theirs meet. This 
aspect is important as potential profit can be threatened. Also, this can show up as an opportunity for firms from other 
sectors, especially if the firms being threatened have no information about it. 

As for pressure of cheap substitutes, most of the participating firms show unanimity in their opinion. Still, most of 
the firms disagree that exist substitute products with better price-performance. Regarding after-sales services most of 
the participating firms disagree that customers find it easier to resort to other firms for repairs or upgrades instead of 
theirs.    

Concerning AM technology as a direct way of manufacturing, most of the firms (62%) agree that AM does not add 
value for the firm, while 31% of the firms disagree. Of those 31%, which corresponds to four firms, one pro-duces 
final products with AM technologies, specifically Laser cladding. This opinion is reasonable as Laser cladding offers 
lower heat distortion, reduced dilation and low porosity levels in comparison with other methods [29].
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4.5. Bargaining power of suppliers

In table 4 are presented the results regarding the Bargaining power of Suppliers force.

Table 4. Questionnaire results regarding “Bargaining power of suppliers” force
Key Factor Factor Results

Supply Chain 
Decentralization

Shortening of 
Supply Chains

Supplier’s integration

in firms’ operations

31% reactive and 38% ad-hoc communication

8% sharing data and repositories

8% fully integrated information systems

Vertical 
Integration

General Aspects

Organisational 
alignment

62% find it easy to align production process with suppliers

62% disagree that suppliers have easiness in changing prices

77% agree that a small number of suppliers supply a large proportion of raw materials 
sector

85% agree that competition is affected by the bargaining power of suppliers

69% agree that firms in this sector can easily change suppliers

Regarding decentralization and shortening of supply chains, these two factors are analysed together as one 
influence the other, i.e., only if the firm has taken efforts to supply chain decentralization occur can feel effects on 
supply chain length. For that, firms were asked about to what extent are their suppliers integrated in the processes of 
the organisation. The only firm that acknowledges to be fully integrated with the suppliers, reports that benefits from 
supply chain simplification as result of AM technology usage. This makes sense because it allows the firm to 
decentralize decisions to their suppliers, instead of having resources exclusively allocated for that. Most of the 
participating firms (69%) has reactive communication or only shares data when asked for.

Concerning vertical integration, the intent is to test the feasibility of vertical integration. For that firms were asked 
to express an opinion about the ability of the suppliers to align themselves with their productive process. As depicted 
in Table 3, most of the participating firms agree that for their suppliers would be easy to align with their production 
process.

Lastly, to evaluate the bargaining power of the suppliers, in general, firms were asked to express an opinion 
regarding suppliers regarding some statements about suppliers’ capacity to raise prices, market concentration, 
influence over competition and supplier change procedure. 

Most of the participating firms disagree that is easy for their suppliers to raise prices or reduce product quality. 
However, most of the firms agree that there is a small number of suppliers to respond to the needs of raw materials of 
their sector. As for competition, the participating firms agree that suppliers’ bargaining power strongly influences it.
Although there is a consensus regarding a small group of suppliers providing the sector needs, most of the firms also 
agree that it does not constrain them when it comes to change suppliers.

4.6. Rivalry among the existing competitors

Table 5 presents the results for Rivalry among the existing competitor’s force. To understand how these factors 
influence this force, firms were asked to give their opinion about some statements. The intent is to understand how 
competition works between firms using AM, the role of IPR in competition and if AM users benefit or not from 
technological advances. 

Table 5. Questionnaire results regarding “Rivalry among the existing competitors” force
Key Factor Results

Rivalry as a new sector 54% agree that competitiveness of AM firms is intense

54% agree that there is a wide variety of competitors that use AM

77% agree that the use of AM allows firms to serve different markets
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Globalization

Intellectual Property Rights (IPR)

More access to information and knowledge

62% agree that changes in own strategy affect others

69% agree that the lack of IPR regulations is an opportunity for firms

92% disagree that technological advancement allows better access to knowledge 
about AM

Most of the participating firms agree that competition between AM users is intense. This can be due to the rising 
rates that the adoption of AM technologies has undergone in the last few decades. These conclusions are also true for 
the existence of a wide variety of competitors using AM, as both are consequence of the same, plus the advances and 
improvements achieved in recent years.

As regard to the ability of serving different markets, most of the participating firms agree that the use of AM 
technology facilitates firms to serve multiple sectors. Thus, this allows to assert that the use of AM technology is 
taking rivalry to a different degree of intensity, as firms do not compete only with firms within the same sector, but 
with all the ones who serve the same markets.

It is also possible to conclude from Table 4 that most of the participating firms act in sectors where changes in their 
strategy affect the competing firms. Three firms disagree with this statement. Among those, two act in sector G, 
corresponding to Wholesale and Retail Trade: Cars and Motorcycles vehicle repair. The other firm, even though it 
acts in sector C, corresponding to Manufacturing Industries – as most of the ones who agree – has less than 5% of 
market share.  

Considering IPR, most firms agree that the lack of a regulatory system for copyright represents as an opportunity 
for firms. Lastly all the firms, except one that does not express an opinion, agree that technological advances provide 
firms better access to knowledge about AM technologies.      

5. Conclusions

AM as a new form of production will directly impact the existent manufacturing models as well as enhance new 
types of business. Hereupon it is important not only to study the economic aspects of this technology, such as the 
economic viability of the production, but also to focus on the changes that businesses will suffer. As AM offers a 
range of possibilities, it is crucial that organizations recognize that their strategy plan of action is as influencing as the
inherent shaping forces of their industry. The fact that AM is still in maturing phase requires more research to fully 
understand the impacts this technology will have on business models, which is the main goal of this work.

In the perspective of the “Threat of new entrants”, firms are characterized for having low capability to capture AM 
talent and knowledge, being vulnerable to competitors who possess highly skilled workforce and valuable knowledge 
assets. Knowledge is still a barrier to implement AM. Firms capitalize on extant knowledge in a small number of 
workers and recruiting AM professionals is difficult. AM implementation also requires high capital investments.
Though, only 30% of the inquired firms spent above 10,000 euros in AM, which can be explained by firms finding 
difficult to capitalize on the investment when compared with conventional manufacturing. Regarding EPR, only 23% 
of the firms track the entire product life cycle, being mostly from automotive sector. This constitutes a barrier for EPR 
implementation. Lastly, 77% of the inquired firms don’t use any kind of IPR protection, which is an opportunity for 
more competitors in the sector. In future, IPR regulation and digital tracking (e.g. using Blockchain) may be crucial 
to ensure IPR protection.

Regarding the "Bargaining power of customers”, since few firms have some kind of after-sales service (in table 2
the maximum value for this key factor is 54%), there is opportunity for customers have higher bargaining power, 
being able to repair their own products in the future. Regarding the threat of “prosumerism” as a competing force, 
there is no consensus. 31% of firms agreed with the idea, but 38% disagreed. The rest don’t have an opinion in the 
matter.

In the perspective of the "Threat of substitutes" force, nearly more than half the companies do not believe that their 
products are easily replaced. Though, 85 % feel pressured to develop cheaper alternatives. On the perspective of swap 
‘n’ go providers, firms don’t consider this a threat. Moreover, it is noteworthy that most companies do not consider 
AM a good method to produce standard products, which reveals that this technology is still in maturing process but 
far from becoming an option to compete with conventional manufacturing.
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Concerning "Bargaining power of suppliers" force, the major incidence of agreement falls on factors such as 
vertical integration by suppliers as a reality, the existence of a small group of suppliers providing the sectors' needs 
and that those suppliers strongly influence sectors competition. That contrasts, however, with the key factors “SC
decentralization” and “shortening of SCs”. Results show that few companies have decentralized tasks, based on the 
use of AM. Only 1 company in a total of 13 was able to allocate tasks to partners in the SC.

Lastly as regard to "Rivalry among the existing competitors", 54% of the firms agree that competition of AM is 
intense, and that there is a wide variety of competitors using AM. That may be explained by the crescent evolution of 
AM and also that early adopters of AM are now starting to capitalize their knowledge. However, technological 
evolution solely is not guarantee that firms are able to apply AM. On this regard, 92% of the firms revealed difficulties 
in accessing AM knowledge. 

In summary, despite the many developments in AM, there are still barriers to overcome to successfully implement
AM. Knowledge in AM, specifically in the form of well-trained and skilled employees is lacking in Portuguese 
industry. Also, although there are several maturity models and roadmaps for Industry 4.0, there aren’t any knowledge 
models to deploy AM technology. Regarding capital investments, there is still low investment because successful 
business models are still scarce. IPR protection it is also an issue. While in industry there is regulation (e.g. patents, 
agreements, etc.), with the ease to exchange digital over the internet, contents may require IPR protection for 
consumers (specifically for “prosumers”). Initiatives like EUR and the manufacturing democratization may shape the 
future of AM, where consumers play a part in the production process.

With the application of the adapted Five Forces Model for AM it was possible to identify key aspects that firms 
need to overcome to obtain a successful implementation and capitalization of AM. The method allowed successfully
to identify the advantages and shortcomings in each model perspective. This approach is unique in AM literature and, 
in future, further research will concentrate in developing the model as a tool for companies to self-asses.

Acknowledgements

Authors gratefully acknowledge the funding of Project KM3D (PTDC/EME-SIS/32232/2017), supported through 
Fundação para a Ciência e Tecnologia, Portugal.

References.

[1] N. Gwangwava, A. U. Ude, E. Ogunmuyiwa, and R. Addo-Tenkorang, “Cloud Based 3D Printing Business Modeling in the Digital Economy,” 
International Journal of E-Entrepreneurship and Innovation (IJEEI), Jul. 01, 2018. www.igi-global.com/article/cloud-based-3d-printing-
business-modeling-in-the-digital-economy/211138 (accessed Dec. 22, 2020).

[2] M. Bogers, R. Hadar, and A. Bilberg, “Additive manufacturing for consumer-centric business models: Implications for supply chains in 
consumer goods manufacturing,” Technological Forecasting and Social Change, vol. 102, pp. 225–239, Jan. 2016, doi: 
10.1016/j.techfore.2015.07.024.

[3] M. Ramezan, “Intellectual capital and organizational organic structure in knowledge society: How are these concepts related?,” Feb. 2011, vol. 
31, no. 1, pp. 88–95. doi: 10.1016/j.ijinfomgt.2010.10.004.

[4] D. Ibarra, J. Ganzarain, and J. I. Igartua, “Business model innovation through Industry 4.0: A review,” in Procedia Manufacturing, Romania, 
2018, vol. 22, pp. 4–10. doi: https://doi.org/10.1016/j.promfg.2018.03.002.

[5] H. Chesbrough, “Business Model Innovation: Opportunities and Barriers,” Long Range Planning, vol. 43, no. 2–3, pp. 354–363, abril 2010, 
doi: 10.1016/j.lrp.2009.07.010.

[6] R. Godina, I. Ribeiro, F. Matos, B. T. Ferreira, H. Carvalho, and P. Peças, “Impact Assessment of Additive Manufacturing on Sustainable 
Business Models in Industry 4.0 Context,” Sustainability, vol. 12, no. 17, Art. no. 17, Jan. 2020, doi: 10.3390/su12177066.

[7] M. E. Porter, Competitive advantage : creating and sustaining superior performance. New York: Free Press, 1985.
[8] V. Alcácer and V. Cruz-Machado, “Scanning the Industry 4.0: A Literature Review on Technologies for Manufacturing Systems,” Engineering 

Science and Technology, an International Journal, vol. 22, no. 3, pp. 899–919, Jun. 2019, doi: 10.1016/j.jestch.2019.01.006.
[9] F. Yu and T. Schweisfurth, “Industry 4.0 technology implementation in SMEs – A survey in the Danish-German border region,” International 

Journal of Innovation Studies, vol. 4, no. 3, pp. 76–84, Sep. 2020, doi: 10.1016/j.ijis.2020.05.001.
[10] K. V. Wong and A. Hernandez, “A Review of Additive Manufacturing,” ISRN Mechanical Engineering, Aug. 16, 2012. 

https://www.hindawi.com/journals/isrn/2012/208760/ (accessed Dec. 22, 2020).
[11] H. K. Chan, J. Griffin, J. J. Lim, F. Zeng, and A. S. F. Chiu, “The impact of 3D Printing Technology on the supply chain: Manufacturing and 

legal perspectives,” International Journal of Production Economics, vol. 205, pp. 156–162, Nov. 2018, doi: 10.1016/j.ijpe.2018.09.009.



176 Soraya Dias  et al. / Procedia Computer Science 217 (2023) 165–176
12 Author name / Procedia Computer Science 00 (2022) 000–000

[12] A. Napoleone, M. Macchi, and A. Pozzetti, “A review on the characteristics of cyber-physical systems for the future smart factories,” Journal 
of Manufacturing Systems, vol. 54, pp. 305–335, Jan. 2020, doi: 10.1016/j.jmsy.2020.01.007.

[13] S. Dias, P. Espadinha-Cruz, and F. Matos, “Understanding how Additive Manufacturing influences organizations ’ strategy in knowledge 
economy,” in Procedia Computer Science, November 17-19, 2021, Linz, Austria, 2022, vol. 200, no. 2022, pp. 1318–1327. doi: 
https://doi.org/10.1016/j.procs.2022.01.333.

[14] European Parliament and of the Concil of the European Union, Directive 2008/98/EC on waste and repealing certain directives. 2008.
[15] J. Loy and J. I. Novak, “Additive manufacturing for a dematerialized economy,” in Sustainable Manufacturing and Design, Elsevier, 2021, pp. 

19–45. doi: 10.1016/b978-0-12-822124-2.00002-0.
[16] T. Birtchnell, T. Böhme, and R. Gorkin, “3D printing and the third mission: The university in the materialization of intellectual capital,” 

Technological Forecasting and Social Change, vol. 123, pp. 240–249, Oct. 2017, doi: 10.1016/j.techfore.2016.03.014.
[17] B. Naghshineh, A. Ribeiro, C. Jacinto, and H. Carvalho, “Social impacts of additive manufacturing: A stakeholder-driven framework,” 

Technological Forecasting and Social Change, vol. 164, pp. 120368–120368, Mar. 2021, doi: 10.1016/j.techfore.2020.120368.
[18] K. Stevenson, “The Challenge And Opportunity of 3D Printing Patent 684116B2,” Mar. 2020, [Online]. Available: 

https://www.fabbaloo.com/blog/2020/3/2/the-challenge-and-opportunity-of-3d-printing-patent-684116b2
[19] T. Pereira, J. V. Kennedy, and J. Potgieter, “A comparison of traditional manufacturing vs additive manufacturing, the best method for the 

job,” Jan. 2019, vol. 30, pp. 11–18. doi: 10.1016/j.promfg.2019.02.003.
[20] B. Naghshineh and H. Carvalho, “The Impact of Additive Manufacturing on Supply Chain Resilience,” Jul. 2020, vol. 577, pp. 214–221. doi: 

10.1007/978-3-030-45124-0_20.
[21] V. Verboeket and H. Krikke, “The disruptive impact of additive manufacturing on supply chains: A literature study, conceptual framework 

and research agenda,” Computers in Industry, vol. 111, pp. 91–107, Oct. 2019, doi: 10.1016/j.compind.2019.07.003.
[22] J. Butt, “Exploring the interrelationship between additive manufacturing and industry 4.0,” Designs, vol. 4, no. 2, pp. 1–33, Jun. 2020, doi: 

10.3390/designs4020013.
[23] F. Dälken, “Are Porter’s Five Competitive Forces still Applicable? A Critical Examination concerning the Relevance for Today’s Business,” 

2014.
[24] Y. Rashid, A. Rashid, M. A. Warraich, S. S. Sabir, and A. Waseem, “Case Study Method: A Step-by-Step Guide for Business Researchers,” 

International Journal of Qualitative Methods, vol. 18, pp. 1–13, Jul. 2019, doi: https://doi.org/10.1177/1609406919862424.
[25] J. M. Verner and L. M. Abdullah, “Exploratory case study research: Outsourced project failure,” Information and Software Technology, vol. 

54, no. 8, pp. 866–886, agosto 2012, doi: 10.1016/j.infsof.2011.11.001.
[26] R. Yin, Case Study Research: Design and Methods, Third ed., vol. 5. Thousand Oaks, California: SAGE Publishing, 2003.
[27] L. Cohen, L. Manion, and K. Morrison, Research Methods in Education, 8th ed. Routledge, 2017. [Online]. Available: 

https://doi.org/10.4324/9781315456539
[28] J. V. Oliveira, Marketing Research, 1a., vol. 1. Lisboa: Edições Sílabo, Lda, 2012.
[29] J. Hao, Q. Meng, C. Li, Z. Li, and D. Wu, “Effects of tilt angle between laser nozzle and substrate on bead morphology in multi-axis laser 

cladding,” Journal of Manufacturing Processes, vol. 43, pp. 311–322, Jul. 2019, doi: 10.1016/j.jmapro.2019.04.025.


