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ABSTRACT
The European Defence Industry is undergoing profound changes. 
Industrial activity is now operating on a quintuple helix innovation 
model with the deep involvement of universities and governments 
in innovation. In addition, military innovations are being transferred 
to civil society, with increasing attention paid to the environment. 
In the first stage, we report on the state-of-the-art of existing 
research using PRISMA protocol. The PRISMA technique is widely 
accepted by the academic community for its ability to discover 
concepts, ideas, and debates about the defence industry. In 
the second stage, we present a case study involving the 
Portuguese Defence Industry, for which multiple data collection 
sources were used to ensure triangulation and corroboration. The 
results show that, in the light of the quintuple helix innovation 
model, it was possible to bring applications from theoretical dis-
cussion to real life. Moreover, within the scope of the triple helix, it 
was possible to develop, produce and test military products, allow-
ing to improve the military capacity of ground forces. In the future, 
ecological concerns will likely increase, so we suggest a greater 
focus on this area of research.
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Introduction

Open Innovation (OI) is currently at the centre of academic debate. This phenomenon 
is identified by several scholars, who argue that it is not uncommon to find articles 
referring to OI and its ability to integrate internal and external knowledge in compa-
nies´ value chain (Rogo et al. 2014; Brunswicker and Vanhaverbeke 2015). In this 
regard, Chesbrough (2003) mentioned that OI started when organisations realised they 
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could not solely rely on their own research and development capacities. This situation 
triggered the adoption of a new innovation approach focused on the collaboration with 
external stakeholders to share knowledge, resources, and technologies (Randhawa et al. 
2016).

The scarcity of published articles on OI in the defence industry is well evidenced in the 
largest databases of peer-reviewed literature. To support our argument, on May 9th, 2021, 
we conducted a quick search on Scopus (Elsevier), which resulted in six documents with 
the search terms “open innovation” AND “defence industry” in the title-abstract- 
keywords. Thus, very few studies similar to this one have been identified. Worthy of 
note is the Triple Helix (TH) approach (Etzkowitz and Leydesdorff 1995, 2000) used by 
the Brazilian Army (Fernandes et al. 2020), which stimulated innovation between the 
Army, the defence industry, and the academy. Similar research was conducted in 
Portugal with a paper that analyses the relationship (i.e. TH) within the defence industry 
to determine how the university-government-industry relationship works (Simões et al. 
2020). The few existing studies analyse the adoption of the TH model and OI by the 
defence industry, but none have studied other recent typologies. For example, the 
Quadruple Helix incorporates the TH (university-industry-government) while adding 
the “public based on media and culture” and “civil society” (Carayannis and Campbell 
2009, 2012). Moreover, the Quintuple Helix (QH) innovation model is more holistic and 
incorporates the “natural environments of society” (Carayannis and Campbell 2010). 
Our paper addresses this gap, specifically understand if the defence industry and OI allow 
the establishment of innovative dynamics in the light of the QH; Within the defence 
industry, we focus on the Army, given the increasing military capabilities of ground 
forces (Fernandes et al. 2020).

To fill that gap in the literature, the objective of this research is twofold. Our first 
objective was to understand a phenomenon that has been little studied and for which 
little is known (Yin 2018); to do so, we used a Systematic Literature Review (SLR) to 
collect and analyse the most relevant data. The second objective was to describe the 
phenomenon in its natural setting; to do so, we conducted a case study research to 
corroborate the results from the literature and find novel insights. That said, we devel-
oped two research questions (RQ), as follows:

RQ1: How is OI improving the defence industry and increasing military capabilities?
RQ2: How is the QH innovation model dynamising the military capabilities of ground 

forces?
The first research question is central, as this study focuses on open innovation in 

defence industries. Furthermore, we identified the need to define a second research 
question to discuss a more focused topic and deepen the research, analysing, in that 
regard, the military land resources in the light of the quintuple helix. For a better 
understanding, we also divided this article into five sections. We started with an intro-
duction to the topic, and in the next section, we discuss the most relevant concepts, which 
will be helpful for the results and discussion section. The third section presents the 
research design and is subdivided into two parts: the first focuses on explaining the SLR; 
the second focuses on the case study research. The fourth section reports the results and 
discussion of this research. Finally, we present the conclusions, which focus on the 
contributions to literature and management practice, the limitations, and perspectives 
for future research.
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Conceptual background

This section addresses relevant concepts, whereas the theoretical framework will be 
discussed in-depth in the results section.

European Union (EU) defence industry

The priority of European Defence lies in the level of evolutionary ambition through the 
Common Security and Defence Policy (CSDP) and at the revolutionary impulse through 
European Defence Funds (EDF). The CSDP enables the European Union (EU) to meet its 
crisis management responsibilities and act as a global security actor, taking a leading role 
in peacekeeping operations and conflict prevention operations (EEAS 2021a). While, the 
European External Action Service (EEAS) is the EU´s diplomatic service that manages 
the EU´s relations with other countries outside the bloc and conducts EU foreign and 
security policy (EEAS 2021b). Moreover, in the EU, the Directorate-General for Defence 
Industry and Space (DG DEFIS) leads the activities of the European Commission in the 
defence industry and space sector, being in charge of upholding the competitiveness and 
innovation of the European defence industry (DEFIS 2021). Some key actions and 
priorities of the DG DEFIS are: 1) to implement and oversight the European Defence 
Fund (EDF), which is one of the European Commission’s main initiatives supporting 
research and the development of defence capabilities (for 2021–2027) (EU Space Policy); 
and 2) to build an open and competitive European defence equipment market and 
enforcing EU procurement rules on defence.

Regarding the EU defence industry, a relevant episode may be identified in mid-2004, 
as a defence structure was created under a Joint Action of the EU Council of Ministers, 
called European Defence Agency (EDA) (EDA 2021a). This agency promotes, supports, 
and integrates the EU member states in improving the European defence capabilities 
within the EU´s CSDP. In 2016, the European Commission proposed the European 
Defence Action Plan (EDAP), intended to increase the research and development 
capabilities of the EU defence industry and promoting the investment in the EUs´ 
Defence Technological and Industrial Base (EDTIB) (DGNDR 2021a). One year later, 
in 2017, the 25 EU Member States ratified the intention of launching a Permanent 
Structured Cooperation (PESCO) and, in the same year, the first research grant agree-
ment, directly funded by the EU is signed. Moreover, the EDA and the EEAS together 
form the Secretariat of the PESCO, which serves as a platform and where PESCO 
participating Member States nations can “identify, assess and consolidate” projects to 
make sure they respond to the Capability Development Plan (CDP) (EDA 2021b). The 
CDP is produced by EDA (in cooperation with the EU Military Committee (EUMC) and 
the European Union Military Staff (EUMS)) to address long-term security and defence 
challenges, making recommendations about the EU military capabilities over time, 
including future scenarios (EDA 2021c). The CDP is of particular importance, as it 
served as a baseline for the implementation of major EU defence initiatives launched 
following the 2016 EU Global Strategy – as the CARD (Coordinated Annual Review on 
Defence), the PESCO, and the EDF. The most tangible output of the 2018 CDP revision is 
the eleven new EU Capability Development Priorities in fields such as cyber response 
operations, ground combat capabilities, air mobility, among others (EDA 2021c).

DEFENCE STUDIES 3



If in one hand, it is a symbol of the EU´s commitment in trying to create a solid and 
integrated Pan-European defence industry (European Parliament 2020); on the other 
hand, efforts to integrate the EDTIB also take risks, as the EU can be seen as protectionist, 
which can lead other significant arms suppliers, such as the United States of America 
(USA), to pay back in the same coin (Reis 2021).

EU ground combat forces

One of the main priorities of the 2018 CDP Revision is the development of Ground 
Combat Forces Capabilities. The 46 PESCO undergoing projects cover 1) training areas, 
as well as the 2) terrestrial, 3) maritime, 4) air and 5) cyber environments, and 6) joint 
enablers (PESCO 2020). Of these projects, 1/5 has more than seven members, of which 
France, Italy, Spain, and Germany are the most involved ones, while almost half have 
only three or fewer participants (Nádudvari et al. 2020). Despite the high involvement of 
the EU Member States in the areas of PESCO capacity, the EU ambition and the revised 
CRP for 2018 are more comprehensive. Concerning the EU Ground Combat Forces, it is 
anticipated that they will operate in environments of high threat intensity and face 
technically advanced adversaries. To that end, the CRP defined as priority areas for 
land combat a wide range of resources, as identified in Table 1.

Some criticisms are also worth noticing as the vast majority of EU Level of Ambition 
(LoA) shortfall areas are currently not covered by PESCO projects (Billon-Galland and 
Efstathiou 2019). According to Billon-Galland and Efstahiou (2019), PESCO has the 
potential to become relevant if EU Member States show a willingness to go beyond 
political and industrial obstacles. It is in this respect that the QH is suitable since PESCO 
alone should not have a significant impact on the fulfilment of the entire EU CSDP.

We have not identified any PESCO project in one of the CRP areas of Ground Combat 
Forces (i.e. individual equipment). However, we noted that some EU member states have 
been conducting research and development (R&D) activities independently, in collabora-
tion with various national entities. In this context, Portugal can be a relevant player, as it 
has been carrying out R&D in this area of activity in the light of the QH Innovation 
Model. In turn, this indicates that eventually this country may be preparing to lead 
actions in this field of research, particularly in the context of PESCO, in partnership with 
other European states.

Table 1. CRP priority in land combat and corresponding PESCO Project (adapted from CDP 2019, 11; 
PESCO 2020).

CRP Priority in Land Combat Current PESCO Project

1. Current and future armoured land platforms (e.g. Infantry 
fighting vehicles and armoured personnel carriers)

Armoured Infantry Fighting Vehicle/Amphibious Assault 
Vehicle/Light Armoured Vehicle (AIFV/AAV/LAV)

2. Next generation of ground-based precision strike 
capabilities (e.g. indirect fire support and anti-tank 
weapons)

Indirect Fire Support Capability (EuroArtillery)

3. Unmanned ground combat capabilities to Integrated Unmanned Ground System (UGS)
improve force protection in the domains of Counter 

Improved Explosive Devices (C-IED), Chemical, Biological, 
Radiological, Nuclear, and Explosives (CBRNE) capabilities, 
and Personnel Recovery techniques

Deployable Military Disaster Relief Capability Package 
(DM-DRCP)

4. Individual soldier equipment No project associated with this CRP Priority has been 
identified
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Open innovation and the quintuple helix innovation model

Since the mid-2000s, innovation ecosystems have been gaining relevance in emer-
ging industries (Arenal et al. 2020). The literature has evolved into several models 
of N-helix, gravitating around stakeholders, internationalisation, specialisation and 
ecological conservation (Lew and Park 2020), which offers several opportunities to 
study these models in the light of various industrial sectors. As previously men-
tioned, the QH innovation model is based on the Triple and Quadruple Helix 
models, adding the “natural environment” to the fifth helix (Figure 1). The QH 
model combines knowledge, know-how, and the natural environment system in an 
“interdisciplinary” and “transdisciplinary” structure, as it involves an analytical 
understanding of the five helices and requires the continuous involvement of the 
entire disciplinary spectrum as a coherent whole (Choi and Pak 2006; Carayannis 
and Campbell 2010).

Wars are so intense that they have the potential to alter the biosphere. Therefore, it is 
acceptable to argue that contemporary military activity can change the function of 
ecosystems with highly adverse effects. These effects cause dramatic changes in habitat 
through environmental pollution, population declines, and losses of biodiversity due to 
acute and chronic effects on both terrestrial and aquatic systems (Lawrence et al. 2015). 
Examples of these negative changes are associated with contaminants, nuclear radiation, 
effects of low-precision weapons, etc. However, according to Lawrence et al. (2015), in 
specific war situations, such as “exclusion zones,” it can generate beneficial conditions, 
protecting the fauna and flora.

Figure 1. Triple-, Quadruple-, and quintuple-helix innovation models and their subsystems (Adapted 
from Carayannis and Campbell 2012).
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Regarding the QH’s natural environment, it is quite normal for critics to question 
ecological conservation in the military context. This argument is supported by the 
perception that environmental harm during a war is generally accepted as an inevitable 
form of collateral damage (Marler 2013). In contrast, civil society is unwilling to accept 
environmental damage resulting from military operations (Marler and Moore 2011). 
Therefore, advancing the ecology of war is a scientific and moral obligation (Machlis and 
Hanson 2011). Thus, there is a need to counterbalance the intensity of the destructive 
impacts of war and the reduction of ecosystem and human life degradation.

Methodology

This research is qualitative, exploratory, and multimethod. Its multimethod nature is 
explained by the combination of several methods of data gathering and data analysis 
from two methodological traditions (Seawright 2016, 2). In other words, multimethod 
studies assume the use of qualitative or quantitative techniques in the same research 
(Mills et al. 2010), with the intention of understanding and describe a phenomenon for 
which little is known (Yin 2018). Thus, this article includes two qualitative research 
strategies, namely a systematic literature review (Torgerson 2003; Petticrew and Roberts 
2008) and a single case study research (Yin 2018). Both strategies have the intention of 
complementing each other (Reis et al. 2020), as the SLR provides the conceptual basis 
from a “replicable, scientific and transparent” process (Tranfield et al. 2003, 209), and the 
case study aims to support, explore and explain a reality (Gerring 2006).

Systematic literature review

The SLR was performed according to Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) by Moher et al. (2009). As shown in Table 2, in the 
identification phase, we analysed the entire scope of the research using appropriate 
keywords. Then, the screening phase filtered documents according to quality (journals) 
and comprehension (language) criteria. Next, the eligibility is related to accessibility and 
inclusion of relevant documents not previously identified in the Scopus database.

The search was carried out on March 9th, 2021. The use of Scopus is justified by its 
broad coverage of peer-reviewed literature, multidisciplinarity, ability to apply filters, and 
the easy retrieval of bibliometric data. The coverage selection took into account the 
analysis and pre-test of a series of databases, such as the Web of Science, B-On, and 

Table 2. Four phases of PRISMA protocol.
Elsevier´s Scopus® Database n

Identification
“Defence Industry” AND “Innovation” (All) 25,909
Screening
Title, abstract, and keywords (Title-Abs-Key) 198
Journal (Articles) 99
Language (English) 80
Eligibility
Repeated articles removed 79
Included
Included studies (+1 article) 80
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EBSCO. Academic search engines, such as Google Scholar, were initially excluded 
because they include non-peer-reviewed literature and have a limited scope for applying 
filters. In addition, Scopus also emphasises the human and social sciences compared to 
similar databases (Martín-Martín et al. 2021), and has been used in similar research (Reis 
2021).

We started the SLR with the identification criteria, using the terms “defence industry” 
AND “innovation” in all search fields. The search fields were then filtered by “title, 
abstract and keywords.” The screening criteria also included articles from Journals, as 
they are generally of better quality, although we know that some relevant articles may 
have been excluded. To increase comprehension, we selected documents in English; 
otherwise, we could have interpretation bias. We decided not to include any time 
restrictions so as to have a broader understanding of the literature. The process con-
tinued until the duplicate articles were excluded (due to a database error). Finally, we 
have included an article about the defence industry within the scope of the triple helix in 
Portugal. After applying the PRISMA protocol, the final result was 80 peer-reviewed 
articles.

Case design

This research has the Portuguese defence industry (idD – Portugal Defence) as a unit of 
analysis. Its centrality is justified by the geographical position of Portugal as the most 
western country of Europe, enhancing the trans-Atlantic relations of the EU and their 
American allies. As a founding member of the North Atlantic Treaty Organization 
(NATO), member of the EU, and member of the Eurozone, Portugal is a relevant entry 
point to the centre of Europe. Moreover, Portugal is also a key player in the Community 
of Portuguese Speaking Countries (CPLP), bridging South America (Brazil), Africa 
(Angola, Mozambique, Cape Verde, São Tomé and Príncipe, Guinea-Bissau and 
Guinea Equatorial), and Southeast Asia (Democratic Republic of Timor-Leste).

The idD carries out the sectorial defence policy by consolidating a public business 
decision centre (idD 2021). IdD intends to leverage financial instruments, both national 
and European, to create value within the framework of the European defence policy. 
Thus, it promotes, develops, and supports the organisations that integrate the Portuguese 
Defence Technological and Industrial Base (DTIB) in coordination with the Directorate- 
General for National Defence Resources (DGNDR). The latter State agency (DGNDR) 
develops and coordinates the national defence policies for human resources, materials, 
and infrastructures (DGNDR 2021b). In turn, the DTIB is composed of public or private 
organisations operating in the defence and security sectors. These organisations are 
mainly composed of SMEs (Small and Medium-size Enterprises) organised by clusters 
(Table 3).

Overall, DTIB brings together more than 380 public and private SMEs active in 
Research and Technological Development (RTD). Despite their arrangement in clusters, 
it is typical for organisations belonging to different clusters to cooperate with each other, 
seeking synergies, which is seen as an advantage.

To achieve the proposed objectives and adequately answer the research questions, 
this case study collects data from several sources, namely in-depth semi-structured 
interviews, participant observation (i.e. webinars,1 seminars,2 workshops1, and focus 
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groups3), and official documents. The semi-structured interviews incorporated open 
questions to enable participants to narrate their experiences (Galletta 2013). However, 
the focus of the questions was deliberately and carefully linked to the research theme 
through a protocol designed for this purpose (Castillo-Montoya 2016). The interviews 
were conducted by video call via Colibri/Zoom, allowing the research to develop the 
conversation. After the meeting, the recording was transcribed verbatim and sent to the 
participants for validation. In cases where the answers were not so clear, we returned to 
respondents to collect more data, resorting for that purpose to a digital whiteboard tool 
(Miro´s online Mind Map). Miro whiteboard enabled brainstorming and allowed to 
map processes online until a deeper comprehension of the phenomenon was achieved. 
The respondents were selected using convenience and snowball sampling (Merriam 
and Tisfell 2015). Although guidelines for determining non-probabilistic sample sizes 
are practically non-existent (Guest et al. 2006), we stopped collecting data when we 

Table 3. Portuguese defence technological and industrial base (adapted from BTID 2019).
Cluster Number of Companies

1. Aeronautic 30                   

2. Communications and Information Systems 57

3. Construction and Engineering 31

4. Cybersecurity 8

5. Energies 12

6. Environment 13

7. Footwear 6

8. Goods and Catering 6

9. Health 7

10. Land 5

11. Naval 19

12. Organizations 18

13. Research 26

14. Robotics and Automation 8

15. Security 29

16. Services 26

17. Technological Materials 37

18.Textile 24

19. Transports 12

20. Unmanned Aerial Vehicles (UAV)–Unmanned Underwater Vehicles 
(UUV)–Unmanned Ground Vehicles (UVG)

8
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reached theoretical saturation. That is, the interviews were carried out to “the point 
where no more could be added” (Costley and Fulton 2018, 178). Overall, we conducted 
17 in-depth interviews. This number is within the range typically suggested in the 
literature, which generally points to 15–25 interviews to obtain a rich understanding of 
the phenomenon under study (Hennink et al. 2017; Marshall et al. 2013; Saunders and 
Townsend 2016).

Regarding participant observation, the researchers assumed an active role within the 
event (Mills et al. 2010). Therefore, the researchers were directly involved in webinars 
and seminars; through networking, focus groups were also carried out. Although parti-
cipant observation did not offer direct data on the broader context of those being 
observed (Berg 2004; Lune and Berg 2017), it allowed establishing purposeful interac-
tions to collect data for corroboration and triangulation purposes. After the workshops 
were held, we brought together a relatively small group of participants to enable brain-
storming and allow everyone to get involved in the discussion. The focus groups proved 
to be very relevant, as they made it possible to gather groups of experts who participated 
in the workshops and who were highly involved in the idD – Portugal Defence.

This article also includes a third source of data collection, consisting of organisational 
documents (Given 2008) retrieved from the official websites of the idD – Portugal 
Defence, the Portuguese Defence Technological and Industrial Base (DTIB), and the 
Directorate-General for National Defence Resources (DGNDR). Regarding the ethical 
guidelines, a document was presented to the participants with relevant and detailed 
information about the research. Moreover, a signed and informed consent form (includ-
ing consent for audio recording) was obtained and documented in the light of the 
Declaration of Helsinki (2013).

The data were analysed using thematic analysis techniques (Sundler et al. 2019) and 
content analysis (Vaismoradi et al. 2013; Krippendorff 2018), with the aid of computer- 
assisted data analysis software (CAQDAS) called NVIVO – QSR International (Version 
11) (Neuendorf and Kumar 2015; Woolf and Silver 2017). We started by classifying the 
most relevant phrases and ideas, followed by the coding process and text interpretation 
(Gibbs 2018). As coding requires substantial effort, creativity and self-reflection (Drisko 
and Maschi 2016), we opted for two coding approaches – deductive and inductive. In the 
thematic analysis, a deductive approach was used to generate a list of codes from the 
literature, whereas we used an inductive approach in the content analysis. The inductive 
approach is typically suited to situations where the researchers have minimal knowledge 
about the research problem, which was the case with the relationship between open 
innovation, the defence industry, and the increase in military capabilities. Once the 

Table 4. Summary of the methodological approach.
Methodological process Approach used

Research nature: Qualitative Research
Research type: Multimethod Research
Research strategy: Systematic Literature Review Case Study Research
Sources of data collection: Scopus database Semi-structured interviews 

Participant observation 
Official documents

Data analysis techniques: Thematic analysis Content analysis
Coding approach: Deductive Inductive
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patterns were found in the codes, it was possible to identify the most relevant categories 
and topics (Tracy 2019), generating an overview of the data. Overall, the data analysis 
techniques were helpful to code and analyse a large volume of data (i.e. this study yielded 
784 pages). Table 4 presents a summary of what we have been discussing.

Reliability demonstrates that the operations of a study can be repeated with the same 
results (Yin 2018). In that regard, we administered the same protocol to all respondents 
so that the interview process was consistent. The interview transcriptions were also sent 
to respondents to see if the researchers understood what the interviewee really meant. To 
ensure validity, this research used triangulation and member checks. That is, we use 
multiple sources of data collection to confirm the emerging findings and co-authors 
expertise to verify the entire data analysis process for inconsistencies. The connection 
between reliability and validity rests on the assumption that a study is more valid if 
repeated observations or replication of the entire study produce the same results 
(Merriam and Tisfell 2015). Merriam and Tisfell (2015) also argue that the logic depends 
on the repetition of events to establish the truth, though several people who experience 
the same phenomenon do not make the observations more reliable because they can 
observe it differently.

Results and discussion

This section is organised into two sub-sections. First, we describe the state-of-the-art 
of the defence industry and open innovation, along with the existing conceptual 
frameworks in the light of the Portuguese defence industry. This section also 
includes the results of the analysis of the case study, showing the contributions of 
the various sources of data collection so as to provide a holistic and integrated view 
of the phenomenon.

Figure 2. Documents by year (retrieved from Scopus database).
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Findings from the SLR

From a timeline perspective, scientific research in defence innovation is far from being 
straightforward. The most relevant moments are the peak in 2014 and the growing 
number of scientific research since 2018 (Figure 2). The peak in 2014 may be due to 
several factors, such as: 1) the liberalisation of defence firms and the erosion of America´s 
defence innovation; 2) the contribution of defence innovation to the People´s Republic of 
China´s (PRC) economic growth; and 3) the environmental footprint reduction of the 
European Defence sector.

Writing about the US defence innovation, Steinbock (2014) argues that, despite its 
resilience and superiority, the defence industry shows structural erosion and relative 
decline. The decline in the US industrial base is related to short-term policies, erosion of 
domestic defence innovation, and high production costs for limited budgets. In the 
absence of significant change, the US will tend to lose power to other actors, such as 
the EU and PRC. On the other hand, Blom et al. (2014) suggest that EU defence 
companies are becoming more efficient and less dependent on public procurement 
and, therefore, are more likely to share knowledge and collaborate. Thus, it is likely 
that the dynamics among companies will lead to an increase in the export propensity of 
the industry and to a less concentrated export market. The argument by Blom et al. 
(2014) is visible in this case study, as it is possible to notice that EDTIB increasingly 
establishes a dynamic between companies, although with some support from the State. In 
comparison, the Chinese defence industry is very limited in knowledge production, since 
the demand for technology comes mainly from civilian areas (Yuan et al. 2016). That is, 
the defence industry must be integrated into the civilian sector (dual-use) in order to 
contribute to economic growth more efficiently. In that regard, Reis (2021) also argues 
that it seems evident that the greater the integration between the defence industry and 
civil society, the greater the propensity for stability.

The third most relevant milestone in 2014 is related to the climate and renewable 
energy objectives of the EU in its efforts for sustainability, environmental protection, and 
energy efficiency in the various European defence sectors (Fiott 2014). Fiott (2014) argues 
that the defence sector is one of the biggest consumers of energy (European Defence 
Agency 2012), so it is natural that it becomes more environmentally friendly. The reality 
is that the European defence industry is far from being a “green player,” although there is 
a strong desire to become more environmentally friendly. In this regard, cost- 
effectiveness and public opinion seem to be the most relevant incentives for military 
engagement with green practices. Finally, Fiott (2014, 274) also mention that ecological 
efforts in the European defence sector can be divided by actors: – by the military, such as 
environmental audits during and after military operations; – by defence companies, in 
technological innovation to increase military capabilities, as well as in logistics and 
production processes; – by governments, through European and national regulatory 
and legislative measures. In this article, we will focus on the second action, that is, on 
military innovation, logistics, and increase of military capabilities of ground forces.

The topics responsible for the growing number of publications since 2018 are mainly 
related to defence innovation and technology transfer of the Spanish defence industry 
(Briones-Peñalver et al. 2020; Oliva et al. 2019; Callado-Muñoz et al. 2020), the expansion 
of the Chinese Defence industry (Béraud-Sudreau and Nouwens 2021; Dominese 2020), 
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and the Brazilian R&D projects (Bernat and Karabag 2018; Silva and Olavo-Quandt 2019; 
Fernandes et al. 2020). The most notable investment in research refers to the Spanish 
defence industry, which is also shown in Figure 3 (top 3 countries). The manuscripts 
from Spain show that strategic alliances favour knowledge and innovation management. 
In other words, the cooperation agreements favour the process of absorption and 
diffusion of innovation, facilitating not only learning, but also the transmission of 
knowledge. This analysis aligns with the case study described in the next sub-section, 
where the strategic alliance between EDTIB companies allowed better dissemination of 
knowledge and commercialisation of innovative military products.

The highest number of articles refer to defence industry innovation in the USA, 
United Kingdom (UK), and the EU (Figure 3). Reis (2021) observed that the referred 
countries have been announcing public measures to support their defence industries. 
PRC is in 7th place as it still needs to reach a stage of radical or disruptive innovation, for 
which it still lacks resources and R&D personnel, together with investment in financial 
resources and willingness to take risks (Béraud-Sudreau and Nouwens 2021). The 

Figure 3. Documents by country and territory (up to 15 countries/territories) (retrieved from Scopus 
database).

Figure 4. Documents by subject area.
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previous argument is also justified by Béraud-Sudreau and Nouwens (2021), who stated 
that although there are international classifications of Chinese’s global defence compa-
nies, PRC maintains secrecy of information, resulting in the exclusion of State defence 
companies from databases.

Regarding the research areas (Figure 4), we were expecting to find the Business, 
Management, and Accounting, as well as Engineering, as the strongest areas in terms 
of defence innovation. However, the social sciences is the area that stands out, and there 
are some explanations for why this happens. If we take a closer look, we realise that social 
sciences have a relevant role in maximising the social returns of technological and 
industrial innovation developed by the defence. In that regard, Yuan et al. (2016) claim 
that defence innovation has a spill-over effect on the sectors of civil society, and gives 
some examples of sectors that have benefited from the transfer of defence technological 
innovation to civil society, as is the case of: 1) the development of the atomic bomb (i.e. 
Manhattan Project) that created the current nuclear industry; 2) the development of 
computer hardware and software (applications) that was extended to civil society, 
resulting in a profound social change; or 3) the United States Defence Advanced 
Research Projects Agency (DARPA), which developed the ARPNET network, the pre-
decessor to the Internet. Considering that a large part of the developments comes from 
the USA, with the end of the cold war, we started to observe a globalised integration of 
civil-military innovation, which has benefited governments, military institutions, defence 
companies, and civil society.

Figure 5. Pre-test of the bulletproof vest (Adapted from Alexis Vilaça 2021): (a) military conducting the 
pre-test; (b) target impacts; (c) effects on target.
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Findings from the case research

Open innovation is not simply an outsourcing of research, development, and innovation 
(R&D&I) activity, but an integration of internal and external competencies (Buganza and 
Verganti 2009). While the innovative and high-tech industries demand a high investment 
in R&D&I, idD soon realised that it could not act in isolation. Therefore, idD sought to 
work closely with universities and the armed forces. This synergy benefited all stake-
holders, particularly the armed forces, which saw their military capabilities increased due 
to the development of better individual equipment. According to Chesbrough (2003), 
a firm´s relationship with external stokeholds may take place in three different stages: the 
fuzzy front-end, while accessing to new knowledge; the development, buying or selling 
solutions; and, commercialisation, buying and selling end products or components. In 
this case study, this has been achieved through outside-in collaboration with universities 
and inside-out by collaborative relations with the armed forces, which carried out pre- 
tests and field tests (Army tested) to improve the defence products (Figure 5).

As presented in Table 3, the Portuguese Defence Industry has a high segmentation, 
with a total of 380 public and private companies, operating in 20 distinct segments. For 
that reason, the Portuguese Ministry of National Defence (MND) decided to promote 
a consortium entitled “AuxDefence.” That partnership brought together the Portuguese 
Armed Forces (Army and Air Force), national (University of Minho) and international 
universities (Hong Kong Polytechnic University and British Plymouth University), and 
several Portuguese Defence Companies (Latino Group – textile; LMA – textile; 
Fibrauto – technological materials; IDT Consulting – services; Sciencentris – technolo-
gical materials). The materials developed resulted from the scientific research and 
technological development in areas such as, for example, advanced materials, which 
were designed to build more resistant and lighter equipment, i.e. (a) helmet, (b) bullet-
proof vest, (c) knee and elbow pads (Figure 6).

As the AuxDefence project uses knowledge generated by universities, the consortium 
enabled the development of advanced composite materials, i.e. auxetic textile structures. 
The auxetic phenomenon is associated with materials with a negative Poisson´s ratio that 
will expand transversally upon the application of tensile forces and vice versa (Lolaki 
et al. 2020, 1). The auxetic fibrous structures allowed the reinforcement of polymeric 
matrices and the manufacture of fibre in military equipment garments and components. 
Despite the abundance of studies on the theory of auxetic materials, few studies have 
been successful in the transition to practice and production on the desired commercial 
scale, at least with regard to military equipment (Underhill 2014). Thus, the ultimate 
objective of AuxDefence is twofold: to develop innovative defence products and protect 
ground military forces in the most diverse theatre of operations. In sum, the AuxDefence 
intends to create innovative products to be used by ground military forces, which are 
based on advanced auxetic structures with high performance in terms of mechanical 
protection, i.e. technologies capable of absorbing impact and with high capabilities to 
resist cutting and perforation. Concerning the RQ1, open innovation is improving the 
defence industry to the extent that it has allowed to combine the contribution of 
universities (fuzzy front-end), companies (development and commercialisation), and 
the Armed Forces (Army tested and acquisition). As for the ground forces, they are 
also primary beneficiaries since their survivable capabilities on the battlefield increase.
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In the context of the quintuple helix, it is foreseen the commercialisation of new 
military products to external military markets. While the project falls under level 7 of the 
Technology Readiness Level scale, it has in view the eventual industrial and commercial 
application (Figure 7). It is expected that the transfer of knowledge to companies 
involved in the project/consortium allows to industrialise and guarantee its commercia-
lisation in the civilian market. The interest is associated with sectors of activity where the 
needs for energy absorption, resistance to impact, hardness, and toughness are essential 
(Evans and Alderson 2000; Wang and Hu 2014). For instance, auxetic composite 

Figure 6. Self-defence equipment for ground combat forces (Adapted from Alexis Vilaça 2021): (a) 
helmet; (b) bulletproof vest; (c) knee and elbow pads.
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materials present great potential applications where energy absorption is a crucial factor 
in protection, such as sports activities (Steffens et al. 2021), aerospace (Wang et al. 2016), 
among others.

In addition to cooperation between military entities and the business community, the 
production of knowledge in universities opens doors to other innovation and technolo-
gical development (I&DT) projects, scientific production (Fangueiro and Rana 2019, 
2020), and the development of patents (Ayerbe et al. 2014). The argument above aligns 
with Simões et al. (2020) article, who analysed 145 projects of the Portuguese Ministry of 
Defence and found that academia represented more than 90% of the projects, 40% of 
those have a dual-use application. The defence industry also has some specificities when 
compared to the civil industrial sector, mainly regarding strategic alliances. As argued by 
Langlois et al. (2020), previous research opposed secrecy to open innovation. However, 
the development of advanced military technologies can likely be carried out on the basis 
of trust and mutual respect between organisations, as noted in this case. In situations 
where the bond of trust is broken, legal mechanisms allow organisations to be excluded 
from these and future projects.

Regarding the RQ2, the developed products (i.e. helmet, bulletproof vest, knee and 
elbow pads) also had an environmental concern (Figure 7); they reduced the use of 
materials and their weight by about 20% (without losing the expected performance) when 
compared to the previous equipment in use by the Portuguese armed forces. Through the 
use of fibrous materials, such as high-performance polyethylene fibre, it was also possible 
to improve the Portuguese military materials’ comfort and ergonomic component. In this 
regard, anthropometric studies were carried out to adapt the uniform to the soldiers’ 
ergonomics. The reduced weight and better ergonomics of the new uniform allow for 

Figure 7. Self-defence equipment of Portuguese ground combat forces.
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increased speed and mobility on the battlefield. For instance, AuxDefence’s new devel-
opments enabled the modular helmet to resist impacts of 9 mm firearm projectiles, while 
the ballistic vest can withstand 7.62 mm automatic rifle projectiles. This resistance is 
partially due to carbon nanotubes, which, in practice, are carbon sheets wrapped in 
a cylinder that increase the mechanical capabilities of the product when compared to 
traditional materials (i.e. steel).

The innovative materials were also tested in an operational environment. In that 
regard, the Portuguese military personnel, deployed in Besmayah – Iraq, whose mission 
was to train the Federal Police of the Iraqi Security Forces, tested all the developed 
equipment. We had the opportunity to verify that the military uniforms and tactical 
equipment were subjected to severe thermal (<45°C) and abrasion conditions. Thus, the 
integration of textile technologies in the military arena has been instrumental due to its 
vast, diverse, and complex performance. Some examples aim at: 1) visual protection 
(camouflage); 2) mechanical protection (ballistic, thermal, etc.); 3) chemical, biological 
and radiological protection (anti-bacteria, anti-viruses, etc.); and 4) ecological protection, 
paying due regard to ecosystems and the environment. These are just a few examples that 
illustrate the relevance of certain military technologies and how they can protect military 
forces in the light of the quintuple helix innovation model. Although this article presents 
only one exploratory case, it shows the academic community the relevance of open 
innovation in building military technologies to protect EU forces in their peace support 
missions, as well as the need to transfer these technologies to the civilian community.

Conclusions

The conclusions are divided into four parts. The first and second parts focus on 
contributions to theory and practice. Then, we present the limitations of both research 
strategies (i.e. the systematic review and the case study). Finally, we offer some sugges-
tions for future research so that other researchers can follow this study.

Contributions to theory

This article builds upon the existing theory (Simões et al. 2020), seeking to explore the 
defence industry in what is known as the quintuple helix innovation model. Thus, this 
article goes beyond the recent findings of Reis (2021) that suggest a possible existence of 
quadruple helix within the scope of the defence industry.

The key arguments that support our results can be summarised in three parts. First, it 
may be helpful in highly segmented industries to create an entity to manage the defence 
projects (such as AuxDefence). Second, relevant theoretical studies have not been 
successful in the transition to practice and the desired commercial scale. In that regard, 
the defence projects have enabled the development of practical applications of particular 
academic works, as is the case of polymeric auxetic materials, who are posing new and 
exciting opportunities in the field of defence applications. Thus, it was possible to give life 
to new textile products based on advanced technologies for the benefit of the end-user. 
After being tested and produced on a large scale for the armed forces, the identified self- 
defence equipment is in condition to be adapted and commercialised to the civilian 
market (e.g. aerospace, aeronautics, etc.). Finally, it was possible to ascertain that there is 
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a growing concern for the natural environment. Although ecological sustainability was 
not the primary aim, when combined with military needs and expectations, the project 
has enabled the development of products with greater durability (e.g. abrasion resistance) 
and consequently less waste.

Managerial contributions

Regarding the managerial contributions, it was possible to verify that the triple helix 
innovation model is not an end point, but an intermediate framework that can be 
extended to the society and the natural environment dimensions. It is recommended 
that DTIB managers continue their efforts to transition from technological developments 
in defence to possible commercialisation in civil society. Concerns about protecting the 
natural environment are increasingly common (Camilleri 2020; Dzwigol et al. 2020), and 
the defence industry is not immune to such matters. Therefore, managers working in the 
defence industry must consider analysing the natural environment in their proposals, 
despite the incidence of scientific studies being extremely low compared to other sectors 
of activity. Finally, there are some relevant opportunities about the R&D&I under PESCO 
that could be used to develop innovative products for ground military forces. These 
opportunities can be seized by managers who wish to boost their companies in the 
military field through EU financial resources.

Research limitations

This article is not free of limitations. While the systematic review provides a snapshot of 
a given reality, this research does not cover the entire body of knowledge. However, this 
limitation is mitigated by the case study, which provides new and complementary out-
comes. Moreover, Scopus is constantly being updated with recent and relevant articles, 
and some of them will likely be left out. Thus, it is necessary to continue investigating the 
topic to keep the scientific community updated with the most current knowledge. 
Recognising the limitations above, we believe that the systematic review still brings 
added value, as it contributes to a more robust conceptual framework that would not 
otherwise be possible.

Regarding the case research, one of the limitations stems from the lack of confidence 
in the credibility of research procedures. This limitation is partly explained by the 
assumption that quantitative data is more robust when compared to qualitative data 
since the latter consists of non-numerical information. We believe that the systematic 
and careful use of the case study can overcome the presented limitation. For instance, to 
mitigate the limitation above, we used triangulation of several sources of data collection 
to confirm the findings and interpretations.

Another snag refers to the inability to generalise the results of a case study to a broader 
level. In fact, we will refer this challenge to future studies, as we do not know whether the 
quintuple helix innovation model applies to other military contexts and realities.
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Recommendations for future research

The Portuguese defence industry is starting to have concerns about the natural environ-
ment, as it has developed and produced military equipment with fewer components, 
lighter and highly durable. However, as (Machlis and Hanson 2011) advocated, more 
research is needed for warfare ecology, notably with regard to the use of ecological 
models to integrate various impacts of war at the ecosystem level (Machlis and Hanson 
2011). In other words, there is still a lack of articles published about the quintuple helix 
innovation model in relation to the defence industry. Future research can also address the 
issue of generalisation by extending this research to countries outside the European 
context, as they may operate differently from Portugal.

Notes

1. Webinars and workshops were organized by the: a) idD – Portugal Defence; b) 
AuxDefense – Advanced Materials for Defence Seminars; c) Portuguese Military Academy.

2. Seminars were organized by the: a) Portuguese Presidency of the Council of the European 
Union; b) AuxDefense – Advanced Materials for Defence Seminars; c) Portuguese Military 
Academy.

3. Focus groups were organized following the seminars and workshops with the experts in the 
field.
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