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This article focuses on Ireland's potential as a space actor and the role that the space sector can play in
contributing to Ireland's future development. By embracing the metaphor of ‘standing on the shoulders
of giants’ and by reconciling an institutional perspective of entrepreneurship with the triple/quadruple
helix model, the article describes the journey of the Irish space sector that has capitalised on the
experience of the major space players already established in the space arena in order to successfully
carve its own niche.
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1. Introduction

Despite its economic and political importance, academically the
space industry has been relatively overlooked by entrepreneurship
scholars. This research examines how entrepreneurship in the space
industry is shaped by institutions. We investigate this question in
relation to the Irish space context. Empirical explorations of the role
of the interrelationships among universityeindustryegovernment-
society in regional entrepreneurial activities are rather rare. To
address this gap, this article focuses on the Irish space sector by
coupling an institutional perspective of entrepreneurship with the
triple and quadruple helixmodels that have beenwidely adopted by
regional studies. Accordingly, this article seeks to provide cohe-
siveness to an array of international business topics such as inno-
vation and international competitiveness that traditionally would
have been dealt by the literature in isolation.

Countries invest in space capabilities to fulfil national strategic
objectives, including military considerations and defense strategy,
leadership and prestige, development and resource management,
economic growth and diversification. Economic growth and
diversification are increasingly important as drivers of government
space activity. Capturing a larger share of the global space economy
is a desirable goal for several reasons. Space is a reliable growth
industry that has proven resilient in the face of economic
a.vecchi@unife.it (A. Vecchi).
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downturns, while space-enabled services boost productivity in
other adjacent sectors of the national economy.

However, beside the strategic economic and political impor-
tance of the space sector, addressing the question of how entre-
preneurship is shaped by institution is rather crucial for a variety of
reasons that are linked to some of the peculiar features of the in-
dustry. First, the range of actors participating in space related ac-
tivity has expanded considerably since the days of the original
space race of the 1960s involving only the Soviet Union and the US.
As well as now involving a growing number of private sector actors,
today over seventy countries have space programmes with China
emerging fast as a space power and potentially rivalling the pre-
eminence of the US in space in the future. Today's space state ac-
tors are not only the large economies such as the US, Russia, China,
Japan, and India, they also include some smaller economies. Ireland
is among those smaller economies with national aspirations to
being a player in the space sector and a driver of its economic
growth in the future.

Second, the space industry is perceived as very innovative,
leading us to expect to find this industry flourishing in an envi-
ronment that is conducive to entrepreneurship. Yet, the space in-
dustry is highly regulated by institutions [1]. There is little research
examining how institutions impact on entrepreneurship at an in-
dustry level [2]. However, there is awell-established consensus that
institutions tend to shape the rules of the innovation game [3].
Focusing on entrepreneurship in the context of the space industry
offers the opportunity to deepen our understanding of industry-
specific conditions that shape the rules of the game for
e under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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innovation e not only how the game is played, but also the size of
the playing field [4].

Third, Ireland is a particularly interesting setting. Ireland's space
industry is relatively young, with its inception in the mid to late
1970's. Ireland's neutrality duringWWII and in the succeeding Cold
War discouraged national investment in space era, effectively
excluding it from the first generation of global space activity in the
1950s and 1960s [5]. In contrast, Ireland's modern space industry
boasts over 70 companies nationwide whose combined turnover
was forecast atV500mn in 2020. Enabled by Ireland's membership
of the European Space Agency (ESA), Ireland's ambition in space is
directed towards the peaceful application of space technologies to
the benefit of its economy and society [6].

In the light of the abovementioned reasons, this article focuses
on Ireland's potential as a space actor and the role that the space
sector can play in contributing to Ireland's future development. By
relying on themetaphor of ‘standing on the shoulders of giants’, the
article describes the journey of the Irish space sector that has
capitalised on its collaboration experiencewithmajor space players
already established in the space arena in order to successfully carve
its own niche.

The article considers Ireland's history in space up to the present.
It assesses the country's competitive strengths and weaknesses and
the extent to which it can position itself to competitive advantage
within the global space sector. The assessment is performed at
three inter-related levels e macro (i.e., international), meso (i.e.,
national) and micro (i.e., enterprise) levels. At macro level, Ireland's
relationships with international space actors particularly ESA are
assessed. At meso level, the government's national space strategy
produced in 2019 is critically evaluated as is the role of state in-
stitutions principally the national enterprise agency e Enterprise
Ireland. At micro level, the resources, capabilities and strategies of
firms are critically examined. The link-in and link-out collaboration
strategies of firms are described and illustrated with concrete ex-
amples. Their potential for driving growth in the sector is assessed.
Drawing on the triple/quadruple helix model [7,8], it emerges that a
very strong collaboration ethos permeates all three levels of anal-
ysis considered thus distinctively characterising the industrial
fabric of the space sector across all its layers. The article contributes
to several areas of enquiry such as entrepreneurship, innovation
and international business by bridging them together within the
overarching institutional perspective, thus delivering a more
cohesive body of knowledge to a range of topics that otherwise
would have been rather sparce.

The paper consists of five sections. The next section introduces
the relevant theoretical foundations that have informed the article.
The third section outlines the methodology adopted. The fourth
section describes the case study and provides a discussion of the
findings. The final section outlines the original contribution of the
work, the implications stemming from the findings, their limita-
tions along with directions for future research.

2. Theoretical foundations

2.1. An institutional perspective of entrepreneurship

In the literature, there is a long-standing discourse on the role of
institutions in national and regional economic development
[9e13]. Despite the ambiguity about the role and nature of in-
stitutions, there seems to be a consensus that institutions matter
for regional development because they shape the institutional
context of regional and national economies and condition pro-
cesses related to economic growth such as innovation and entre-
preneurship [10,14].
2

The concept of institutions offers a concrete, tangible way to
capture the structures that form the industrial context in which
firms operate. North [15,16] showed how regulations, law and the
like can be understood as formal institutions. In contrast, cultures,
values and practices can be seen as informal institutions. Together,
formal and informal institutions offer a structural map of the space
industry territory, the context that firms encounter and negotiate,
as well as the policies, rules and norms that influence the ways in
which they behave.

Institutions encompass notions of culture, legal environment,
tradition and history and economic incentives, which frame social
interaction by hindering and enabling activities and decisions [17].
Within this context, political freedom, corruption and education
would have all a significant impact either enabling or hindering
entrepreneurship. The main premise of the institutional embedd-
edness of entrepreneurial activities is that prevailing values, rules,
expectations and infrastructure in countries often shape entre-
preneurial activities [18]. Institutional theory applied to entrepre-
neurship suggests that entrepreneurs must conform to existing
institutions in order to gain endorsement, legitimacy and resources
from the relevant stakeholders [19]. Entrepreneurs aim to gather
the necessary human and financial resources by convincing the
relevant stakeholders of the legitimacy, appropriateness and
desirability of their proposed activities in relation to the prevailing
socially constructed system of evaluation [20].

Common institutional factors that shape entrepreneurial activ-
ities are market conditions and property rights [21], family struc-
ture [22], formal policy [23] and the availability of capital [24].
Urbano and Alvarez [25] for instance demonstrate that a favourable
regulative dimension (fewer procedures to start a business),
normative dimension (higher media attention for new business)
and cultural-cognitive dimension (better entrepreneurial skills, less
fear of business failure and better knowing of entrepreneurs) in-
crease the probability of being an entrepreneur. Conversely, inad-
equate institutional development can hinder new venture
development [26] while a more developed institutional environ-
ment with overly restrictive regulation can hamper entrepreneurial
activities [27].

Research has found that informal relationships may help to fill
in the ‘institutional voids’ resulting from an inadequate develop-
ment of formal institutional infrastructure [28]. Accordingly, a focus
on institutionally embedded entrepreneurial action allows scholars
to appreciate the relationships between entrepreneurship and the
institutional settings in which it comes about [29].

2.2. The triple helix model

Potential determinants of entrepreneurship that have been
presented in the literature include population (e.g., size), income,
number and type of R&D, employees, educational degrees, uni-
versity R&D, creativity, foreign population, political structure, land
costs, taxes, natural amenities and others [30]. As far as factors
influencing entrepreneurship, the triple helix model of uni-
versityeindustryegovernment relationships has been developed to
study the knowledge infrastructure in networks of bonds among
the institutional constituents of a regional innovation system
[31,32]. Specifically, the model provides important insights into
understanding innovation in the context of themutually supportive
relationships among universityeindustryegovernment players [8].

In recent years, several authors [7,33,34] have been using the
triple or quadruple helixmodel to explain innovation and economic
development in many countries or regions.

The triple helixmodel was created by Etzkowitz and Leydesdorff
[8] to explain the relationships between university, government
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and industry. Etzkowitz et al. [31] states that the triple helix is
increasingly responsible for innovation. Although this is not a linear
model, it is based on the relationships between these three groups
of stakeholders. Industry acts as a source of production, while
government provides regulations, stability and rules, and univer-
sities provide technology and new knowledge. According to some
authors [35], the long-term growth of innovation and the impor-
tance of integrating the citizens' perspective based on media and
culture has led to the development of the quadruple helix model,
adding one more helix to the original one. Thus, some authors
[7,36] argue that the structure of an economy is divided into four
helixes consisting of universities, industry, government and civil
society, in which their relationships generate innovation and eco-
nomic development.

However, despite their valuable contributions to understanding
entrepreneurship, comprehensive empirical explorations of the
role of the triple and quadruple helix models and the in-
terrelationships among universityeindustryegovernment-society
in regional entrepreneurial activities are rather rare. To address this
lacuna, by relying on an institutional perspective of entrepreneur-
ship we investigate the determinants of entrepreneurial activity
using the triple/quadruple helix model to assess the impact of in-
stitutions on entrepreneurship within the peculiarities of the Irish
space sector. The article embraces the view that coupling an insti-
tutional perspective of entrepreneurship with the triple and
quadruple helix models that have been widely adopted in regional
studies is instrumental to providing cohesiveness to an array of
international business topics such as innovation and international
competitiveness that traditionally would have been compartmen-
talised as if they were silos. Such cohesiveness allows for a finer
grained picture of the more specific institutional dynamics that
enable the space industry to flourish.

3. Methods

Wewant to understand how entrepreneurship in the Irish space
industry is enabled and constrained by institutions. Our deductive,
interpretative and qualitative approach aimed to broaden under-
standing of this industrial context and the impact its institutional
environment has on entrepreneurial practices [37]. Our qualitative
approach generated a grounded understanding about how this
industry, and interactions within and outside it, works with and
against new business creation and entrepreneurship. Qualitative
case study methodology enables researchers to conduct an in-
depth exploration of intricate phenomena within some specific
context [38]. Case study research consists of a detailed investiga-
tion, often with empirical material collected over a period of time
from a well-defined case to provide an analysis of the context and
processes involved in the phenomenon. The phenomenon is not
isolated from its context but rather is of interest precisely because
of its relation with the context.

Given the nature of the research and limited body of knowledge
of how entrepreneurship in the Irish space industry is shaped by
institutions, the case study approach is the most suitable meth-
odology for the empirical investigation. The case study is appro-
priate when investigating a poorly researched phenomenon and
where data required for formulating hypotheses have not yet been
obtained [39,40]. Exploratory case studies typically address how
and why questions [40] concerning the dynamics present within a
particularly contextual setting to develop initial understandings
[39,40]. Specifically, the single case study is appropriate if the case
under scrutiny is critical, extreme, unique and revelatory [41]. The
single case study allows for analytic generalisation of the results
that could inform the development of theoretical propositions
which can be tested in future studies [40].
3

As for the case selection, we consider the case of the Irish space
sector as a revelatory case study [41] for several reasons. First,
Ireland has a long-established history of astronomy and space
research. In recent years, Ireland has developed a thriving space
industry and research community, facilitated primarily through
Ireland's membership of the European Space Agency (ESA). Second,
Ireland is a relatively small country, both in terms of size and
population. Third, differently from most countries, Ireland's polit-
ical stance of neutrality has significantly shaped its industrial fabric.
More precisely, given that stance, Ireland did not experience the
evolution of any indigenous defence industry to encompass outer
space and pushed its emergent space sector to capitalise on the
benefits mainly presented by the emerging commercial landscape
in space [42]. Fourth, Ireland enjoys a competitive position in the
fields of material science, nanotechnology, software development,
software engineering, pharmaceuticals, and med-tech. These sec-
tors provide a very fertile ground on which the space sector can
flourish. Finally, Ireland ranks high on third-level education
amongst the OECD countries, the number of young people in
Ireland attending third-level education is significantly above the
OECD average [43]. As such, due to these peculiarities that make the
Irish space sector rather unique, it was deemed as a potentially very
fruitful setting in which seeking to understand the determinants of
entrepreneurial activity in the space industry are enabled and
constrained by the institutional dynamics.

As for the data collection, we preliminarily relied on desk
research by assembling a very vast array of secondary data (65) as
depicted in Table A1 in the Appendix. Various arguments in favour
of developing secondary analysis of qualitative studies have been
put forward ([44e46]; Thorne 1994). It has been contended that
the approach can be used to generate new knowledge, new hy-
potheses, or support for existing theories; that it reduces the
burden placed on respondents by negating the need to recruit
further subjects; and that it allows wider use of data from rare or
inaccessible respondents as in the case of the Irish space industry.
The secondary sources ranged from European institutional sources
(13), international sources (6), Irish governmental sources (16),
consulting companies (2), Irish company websites (10) and web
articles (18).

Concerning the data analysis, we performed thematic analysis
[47]. Thematic analysis is an accessible, flexible, and increasingly
popular method of qualitative data analysis. Thematic analysis is a
method for systematically identifying, organising, and offering
insight into patterns of themes across a data set. It was performed
independently by the two researchers to minimise the emergence
of possible biases. More precisely, this research uses thematic
analysis to analyse the content of secondary sources, which is a
method for identifying, analysing, and reporting themes through
reading and rereading the data [48]. Thematic analysis combines
and integrates components or fragments from data, which are often
meaningless when viewed alone [49]. In this study, thematic
analysis is carried out following six steps proposed by Braun and
Clarke [47]. The first step is to organise and prepare the data for
analysis and become familiar with the dataset. In this research, we
sorted and arranged the documents into different types by classi-
fying them by source (i.e., European Institutional sources, interna-
tional sources, Irish governmental source, consulting companies,
company websites). Both the researchers read the documents
several times to gain a good understanding of the data before
moving to the coding stage. Step two is generating initial codes. In
this phase, we organised our data in a meaningful and systematic
way. Instead of line-by-line coding, we encoded the data segments
associated with our research problem. In this stage, we carefully
studied the content of text materials for the analysis of naming and
classification, through the process of analysing, examining and
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conceptualising and comparing the data. Step three is searching for
emerging themes. A theme is characterised by its significance.
There are hundreds of themes in the process of open coding, so we
classified similar concepts and clustered them together. At this
stage, the categories are temporary andmay be subject to change at
any time due to new discoveries. At the end of this phase, each code
was organised into broader themes that illustrated the specifics of
the research question. Step four is reviewing themes. At this stage,
we read the data associated with every theme and considered
whether or not the data really supported each theme andworked in
the context of the entire dataset. We also checked whether those
themes were coherent and distinct from each other. Step five
involved defining and labeling the themes. This is the final refine-
ment of the themes, and the aim is to identify the ‘essence’ of what
each theme is about [49]. At this stage, we made the relationship
between the theme and the sub-themes clear. We used the
meaning or image evoked by the data to name the theme. Step six
involved writing-up. Writing is an integral part of the analytical
process in thematic analysis, which includes analytical narrative
and data extraction. The authors of the study acted as the two
coders for the data analysis processes. Both coders have published
several articles on the space industry and have extensively used
thematic analysis in their previous work. To improve the accuracy
of thematic analysis, a sample of 65 sources was assigned for check-
coding. Two coders independently analysed these 65 sources. We
use Index of Inter-coder Agreement p [50] to report the proportion
of agreement between the coders.

As a result of this process several themes emerged from the
extensive data collected. These were namely e the evolution of the
Irish space sector, the importance of the international collaboration,
national policy and governance, education and research, financing of
the Irish space sector and the Irish space enterprise sector. Each of
these themes will be discussed in detail in the next section.

4. Findings

4.1. The evolution of the Irish space sector

Fig. 1 below provides a timeline of the major events that have
shaped Ireland's participation in space.

Ireland's commercial involvement in the global space economy
formally began with its membership of the ESA in 1975. This fol-
lowed Ireland's participation in the European Space Conference in
1974 and various representations at the European Space Research
Organisation in the 1960s. The principal argument for the country's
Fig. 1. Timeline of events in the develo
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membership centred around the desire to develop an emerging
industry in scientific research and information technology.

Despite possessing sufficient expertise within its growing en-
gineering sector, Ireland lacked public investment in national
defence and security, owing to its strict policy of neutrality. This
prevented the evolution of any indigenous defence industry to
encompass outer space [5]. However, joining the ESA com-
plemented Ireland's defence policy position, given the organisa-
tion's overarching aim of promoting cooperation and collaboration
among European States on space research and the application of
space technologies for purely peaceful outcomes. For this reason,
Ireland is primarily concerned with the industrial possibilities
provided by space technologies. Ireland's national airline, Aer Lin-
gus, was the first to capitalise on the opportunities presented by the
emerging commercial landscape in space. In 1982, the company
founded Devtec to manufacture specialised mechanical compo-
nents for ESA-Ariane launch vehicles In addition, Space Technology
Ireland Limited was established to utilise the experience gained by
Irish scientists in producing both hardware and software for ESA
programmes. Irish telecommunications progressed rapidly along-
side these developments. The public provider Telecom Eireann
became a signatory to the Eutelsat organisation in the 1980s, and
Atlantic Satellites Ltd were granted access to the direct broadcast
satellite system in Ireland in 1985 [5].

Nowadays Ireland's positioning in space is underpinned by
public and private cooperation at a national level, and membership
of the ESA and the EU internationally. The government's commit-
ment to supporting Ireland's space industry has been confirmed
with the launch of the National Strategy for Space Enterprise
(NSEE), and its ongoing investment in space companies through
Enterprise Ireland. The importance of education to the current and
future success of the industry is visible in developments at primary,
secondary and tertiary levels. Higher education remains the most
important channel through which scientific research in space be-
comes commercial reality.

Globally, Ireland's commercial involvement in space can be
compared to states at similar levels of economic development and
with similar population sizes. Small, open economies such as
Singapore and Luxembourg have joined Ireland as new participants
in Space 4.0, with both countries publishing national space policies
to lure private investment and increase government contracts.
Conversely, Ireland's space industry includes both the manufacture
of space technologies and the provision of services that use those
same technologies. Furthermore, the rapid technological change
that has lowered the costs of entry into the global space economy
pment of Ireland's space industry.
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has brought states such as Denmark into the fold. An EU member
state like Ireland, Denmark is part of the ESA and participates in
both the Copernicus and Galileo programmes (ESA, 2018). Ireland's
contribution of V3.60 per capita to the ESA's annual budget is
significantly lower than that of Denmark's at V5.47 per capita. Both
Denmark and New Zealand channel their engagement with space
through a government agency orministry that has other, non-space
related priorities, much like Ireland.

Smaller countries can be niche players in the global space
economy; utilising their small populations, world-class education
systems, and their industrialised economies allow them to become
leaders in their respective fields [1]. Luxembourg which has done
so through funding ventures independent of a space agency and,
despite an insignificant space budget, is home to the world's
leading GEO satellite operators: Intelsat and SAS. While the op-
portunities are vast, some areas of the space industry, such as large-
scale rocket manufacturing, are likely outside of Ireland's reach. In
Ireland's case, Enterprise Ireland and IDA Ireland, amongst others,
have stressed the importance of Irish companies in this industry
finding their niche. Ireland has a global reputation in the fields of
material science and nanotechnology and is also advanced in areas
such as software development, software engineering, pharmaceu-
ticals and med-tech. These have contributed to Ireland's success in
downstream activities catching the attention of key players in the
global space industry.

4.2. The importance of international collaboration

As a member of the European Space Agency (ESA), the European
Organisation for the Exploitation of Meteorological Satellites
(EUMETSAT), the EU space programmes, and more recently, the
European Southern Observatory (ESO), Ireland's engagement in the
space sector has been increasing. Ireland seeks to benefit from
these memberships, integrating Irish space technologies and in-
novations into the wider international space industry and
contributing to the new era of space, Space 4.0.

The ESA's core activities are facilitated through mandatory
programmes that all constituent members are obliged to partici-
pate in (ibid.). Ireland's involvement in these activities span a wide
variety of products and services, from the production of advanced
satellite components and the development of satellite launchers to
educational software procurement and technical engineering pro-
cesses. The ESA's budget stood at V6.68bn in 2020, with Ireland
contributing V97.8 m during the period 2016e2020 (ibid.).
Financing of ESA contracts has been primarily enabled by Enter-
prise Ireland (EI), Ireland's national agency charged with moni-
toring the operations of Irish industry collaborating on ESA
programmes. The total contract value of ESA-supported investment
in Irish space rose to over V17 m in 2019, with 70 companies
partnering with the ESA on space activities, including five new
entrants. EI maintains a permanent delegation of three represen-
tatives at the ESA's governing council. However, the agency is not
solely dedicated to the development of Irish space; its core purpose
is to promote export-led growth in all aspects of the Irish economy.

Despite its growing international footprint in space, Ireland is
not a member of the UN's Office for Outer Space Affairs. This leaves
the Space Generation Advisory Council (SGAC) as the country's only
form of representation for its space industry at the UN. SGAC is a
global non-profit organisation that convenes university students
and young professionals working in space to promote the creation,
discussion and adoption of ideas for space by young people that can
advance the causes of humanity. The Irish delegation of SGAC has
acted as an interlocutor between the ESA and Irish university-based
start-ups such as Enbio and Innalabs, both of which have won ESA
contracts worth over V500,000 in 2017.
5

International collaboration and partnership form the principal
foundation of Ireland's success in space. Ireland's participation in
multilateral institutions such as the ESA has provided the demand
for Irish space products and services, allowing an ecosystem of
space companies to thrive. The ESA allocates the funding for Irish
space projects and promotes technological transfer and knowledge
sharing between member states. Ireland's membership of the Eu-
ropean Union underpins this supportive environment, with the
single market and customs union facilitating the free movement of
goods, services, capital and labour into and out of Ireland. This
enables it to more readily fill skills gaps in the space sector. Thus,
Ireland has benefitted more from regional growth in the global
space industry, rather than from the globalisation of space. This
reflects the historical view of space as a strategic resource and a
vehicle to promote national security. Therefore, Ireland's space
industry has progressed on a regional, rather than on a global basis.
Irish space companies, many of whom are start-ups, tend to act
locally with regional strategies. The EU has sought to secure its own
strategic autonomy by publishing its first space policy, with the aim
of positioning the bloc for the technological shifts and intensifying
competition inherent in the new space race, strengthening EU
space supply chains, of which Ireland forms a part.

4.3. National policy and governance

The Irish government's National Space Strategy for Enterprise
2019e2025 (NSSE) is a commercialisation plan and strategy for
Irish enterprises in the space industry. It outlines a vision for the
space-active enterprise sector in Ireland to develop ‘an economi-
cally sustainable and expanding space-active industry, delivering
quality jobs for the economy of tomorrow’ (ibid.). With the launch
in 2019 of the NSSE, the Irish Government outlined its ambition to
support long-term, sustainable employment in Ireland's growing
space-active industry (ibid.). Revenue and contract value targets,
raising awareness among the public and building expertise with
domestic and international talent all feature as strategic goals to
secure Ireland's place in this new global space race. The strategy
aims to deliver a number of outcomes by 2025. These include e

doubling space related revenue and employment, supporting
companies involved with the ESA, increasing awareness of Ireland's
activities in space, developing and attracting talent for space in-
dustries, and developing a sustainable Earth Observation services
sector based on advanced data analytics capability (ibid.). The
Government wants Irish employment in the industry to be high-
value skilled roles where skills developed for use in the space
sector can be applied to the wider economy in areas such as soft-
ware development, communications and nanotechnologies or to
contribute to tackling global challenges such as climate change
(ibid.). Within the national policy arena, the key players are namely
the Space Enterprise Coordination Group and Enterprise Ireland.

The Space Enterprise Coordination Groupwas established in 2019
by the Irish Government to oversee the implementation of the
initiatives outlined by the National Space Strategy. While Enter-
prise Ireland plays an important role in enterprise development
and growth, it was recognised that there was a need for wider
coordination to thoroughly exploit the opportunities and benefits
offered by EU and ESA space programmes (ibid.). It is an interde-
partmental group, combining key stakeholders to better utilise
investments in space, contribute to climate change solutions and to
make more informed decisions with regard to Ireland's space in-
dustry (ibid.).

Much of thework done by Enterprise Ireland (EI) revolves around
helping companies on their development cycles. For companies
with prospective technology for space, EI aids them in accessing
finance through venture capital and equity funding. For companies
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who have already developed their technology, it helps them to
bring it up to a certain level of maturity based on the Technology
Readiness Level scale developed by NASA. EI provides a source of
expertise for Irish companies in initialising, developing and
executing space strategies. From there they assist these companies
in bidding for ESA contracts and tenders to develop space tech-
nologies, services and business applications. It also acts as a point of
reference for the international space industry in identifying space
related technology and expertise in Ireland (ibid.) as well as new
market opportunities for technology transfer into and out of the
space sector. They support Irish space-active companies on appli-
cable trade missions and support Ireland's industrial interests in
the various European space-related organisations: EUMETSAT, ESA,
ESO, etc.

4.4. Education and research

At primary level, children are exposed to creative learning
through a suite of new programmes that include ESB Science Blast,
Maths Week and the Primary Science Fair. The educational mate-
rials employed at these events are produced by organisations such
as the Irish Rocketry Society and Astronomy Ireland. At second
level, total enrolment in STEM subjects at senior cycle rose by 5%
between 2016 and 2019, with enrolment for female students in
STEM at junior cycle rising by 12%. Blackrock Castle Observatory in
Cork has developed space education resources for teachers that
allow students to easily access STEM learning. At third level, Ireland
had the highest rate of STEM graduates out of any EUmember state
in 2017, at 32.7 per 1,000 of people between the ages of 20 and 29.
Irish involvement in International Space Week brings conversa-
tions led by industry experts about the latest developments in
space to university audiences. Promoting STEM including space
learning and research is the result of a collaborative environment
consisting of academic institutions and private enterprises that co-
fund research and co-sponsor scholarship.

Professional training and executive education can further
improve Irish companies' understanding of the opportunities that
exist in the global space economy. Space Industry Skillnet (SIS) is a
State-sponsored enterprise network that encourages the sharing of
knowledge and the development of technical expertise, both of
which enable the fulfilment of ESA contracts. Unveiled in 2006 at an
initial cost of V400,000, SIS is a collaborative effort between
Skillnet Ireland (a government agency) and 30 private companies.
In providing education to employees at all levels of space com-
panies, SIS builds competence and know-how across the industry.
In addition, SIS advises ‘pure-play’ or space-only businesses to
consider the spin-out possibilities of their products and services for
ground applications. Furthermore, SIS provides outreach to non-
space companies to assess the commercial viability of spin-in op-
erations in space, with the objective of procuring more ESA con-
tracts and increasing the number of space-active businesses.

The founding of the Society, Economy and Environment Space
Network (SEESN) in 2020 as Ireland's first ever space region by Cork
and Waterford Institutes of Technology (IoT) exemplifies the ne-
cessity of cooperation in space. SEESN aims to establish an Irish
Space Coast and attract inward investment from at home and
abroad. In addition, University College Dublin has launched C-
Space, Ireland's first dedicated hub for space research and inno-
vation. C-Space's priorities include fostering links to industry
through consultancy and access to research facilities, as well as
expanding the skill set of Irish graduates through the introduction
of a master's programme in space technology. Crucially, C-Space is
home to EIRSAT-1, the first Irish-built satellite. EIRSAT-1 was
developed in partnership with students from Trinity College Dub-
lin, Dublin Institute of Technology and Maynooth University.
6

Within the EU, Ireland is a member of the Copernicus Academy,
which connects universities, research facilities and business
schools to enable cross-institutional cooperation and the devel-
opment of common frameworks for teaching disciplines. The EU's
PRODEX programme also provides exposure of Irish scientists to
ESA experiments, including at the European Southern Observatory
and the International LOFAR project. In 2010, the ESA in collabo-
ration with the Irish government announced the go-ahead for the
creation of an Irish branch of the European Space Education
Resource Office (ESERO) (ESA, 2010). Additionally, investments in
International Research Organisations such as the International
LOFAR telescope and the European Southern Observatory have
created opportunities for Irish students' involvement in current
research.

4.5. Financing of the Irish space sector

The Irish government has financed promising space research
through Enterprise Ireland (EI). EI's ‘Commercialisation’ Fund pro-
vides V15,000 in research grants, and additional funding if the
research is commercially feasible. Two additional funds were
established as part of the NSSE initiative. These are the Disruptive
Technology Innovation Fund (DTIF) and the Climate Action Fund.
The DTIF was a V500 million fund in which successful applicants
were to be granted a minimum funding ofV1.5 million. Meanwhile,
the ‘Agile Innovation’ fund provided 50% funding for commercial
projects under V300,000. This financed space-related start-ups,
facilitating research, and the commercialisation of space technol-
ogy. Pilot Photonics, a Dublin City University start-up, developed a
‘Photonic Integrated Comb Laser’ with financial support from EI.
This college start-up has used its technology for space applications
including satellite communication, high-frequency optical
metrology and high-performance gravimeters. Pilot Photonics
success underscores the importance of financing bright ideas.

ESA reinforce EI's space initiatives by providing additional
funding and access to space technologies. ESA's ‘Business Incuba-
tion Centre’ (BIC) offers up toV50,000 in funding to space start-ups
with some 67 Irish companies benefitting from ESA funding in
2018, stimulating industry growth and development. To build on
this success, the Irish government is increasing its contributions by
50% before 2025, charting a bright future for Ireland's space in-
dustry. As a result, Irish SMEs such as Treemetrics have established
a firmer positioning in the sector. Underpinning the success of both
EI and ESA funding initiatives is one of the most competitive tax
systems in the world. However, it has yet to be exploited by the
international space industry.

Research and Development (R&D) grants are the preferred
source of public funding in the space industry. Ireland's tax system
encourages R&D, by allowing companies to avail of a 25% tax credit
on R&D expenditure, in addition to a 12.5% tax deduction. Effec-
tively Irish companies are refunded V37.50 for every V100 of
qualifying R&D expenditure. This encourages and supports orga-
nisations to invest in new product R&D and innovation. For
example, Varadis developed a radiation detection chip called
‘RADFET’, which is used on the International Space Station, using
medical resources at the Tyndall Institute. This is a perfect win-win
outcome. Tyndall supports world-class product innovation, while
benefiting from a financially attractive tax credit.

Ireland has offered stellar financial incentives to space com-
panies in the past. However, the role of states is changing and
countries can no longer necessarily depend on state-sponsored
space activity alone, as markets and private capital have changed
the game [1]. Thus, there is an opportunity for Ireland to further
adapt its financial supports infrastructure to best engage in this
new space investment landscape.
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4.6. The Irish space enterprise sector

In 2018, the Irish space industry's turnover was estimated to
reach V500 mn by 2020, with direct employment in space enter-
prises rising to 4,500 (Horn, 2019). There has been a growing
participation of Irish companies in space over the past decade. This
can be divided between upstream and downstream segments of
the space value chain.

The former relates to the manufacture, launch and maintenance
of space technologies, and the latter focuses on harnessing the
application of such technology to deliver space-centred products
and services. Contracts involving upstream investment by the ESA
include mBryonics, an indigenous start-up located in Galway that
utilises complex optical technologies to channel data communica-
tions to and from satellites (O'Regan, 2021). Downstream de-
velopments include contracts with companies such as Techworks
Marine, which provides collection of and access to data on coast
water measurements.

Ireland has predominantly been focused on and specialised in
the downward segment with the primary focus currently being
earth observation data. This focus and specialisation is further
emphasised in the Irish government's National Space Strategy for
Enterprise 2019e2025 (NSSE). Earth Observation (EO) is the gath-
ering of information about the Earth's environment using space-
based technologies, usually from satellites with imaging capabil-
ities. Ireland has access to the data EO provides through its mem-
bership of the ESA, the EU's Copernicus Programme and EUMETSAT,
the European satellite agency that observes the atmosphere, ocean
and land surfaces. Data from Sentinel-1, -2, -3 and -5P satellites can
be accessed freely through the Copernicus Open Access Hub, yet the
challenge is to find ways to apply the data to benefit society. The
commercial application of satellite data in Ireland is especially
relevant to sectors in which Ireland specialises, such as marine and
agriculture. This aligns with the Government's aim of cultivating
sustainable space-related economic development in industries
previously unengaged with Ireland's space-active companies. In
2021, EI planned to advertise a call for private entities interested in
collaborating with the public sector to identify further commercial
uses for EO data.

Space manufacturing supply chains are extremely complex and
divided into ‘Tiers’ with many players often involved in several
segments at the same time. At the top are ‘Primes’, responsible for
the overall design and assembly of complete space systems. Tiers 1
and 2 contribute to the design and assemble of major equipment
and subsystem parts. Traditionally, most Irish companies were
likely to be found below Tier 2 and specialised in the production of
expert components and materials. However, in recent years the
industry has seen the emergence of new players at every level of
the supply chain. New innovations and increased collaboration are
also aiding the development of supply chains within the industry.

Collaboration is key in establishing a thriving ecosystem. The
ability of Irish space-active companies to exchange technologies
between space and non-space sectors, where technology synergies
exist, is seen as key in the development of a sustainable and agile
industry. Already, Irish companies from related technology sectors
are engaging with the space sector to develop technologies with
uses both in space and in other high reliability sectors such as
automotive and aerospace. In addition, the goal is to support the
emergence of enterprises using satellite-derived data to develop
high value services, which can support policy making decisions,
enterprise development and address global challenges.

A central focus of the NSSE is the potential for ‘spin-in’
involvement of non-space enterprises in the space sector, such as
Pilot Photonics, which has adapted its laser technology used in data
centre networking for extra-terrestrial use. Similarly, the ‘spin-out’
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participation of space companies into other areas of the economy is
also envisaged, like start-up Arralis in Limerick, which has mar-
keted its Ka-band communications antenna (initially designed for
an ESA Space Antenna mission) to support 5G applications.

Evidence of successful technology transfer can be seen in
Dublin-based SME ENBIO which has its roots in the medical device
industry, and which has contributed to the ESA's Solar Orbiter
mission. ENBIO has moved from producing synthetic coatings for
implants to providing ESA with material to protect satellites from
extreme temperatures while orbiting the sun.

These synergies between the space and non-space industries,
and the capability of Irish companies to exchange technologies
between these industries, has been identified as a key goal of the
Irish Government in their ‘National Space Strategy for Enterprise
2019e2025’. To this effect, Enterprise Ireland has been actively
engaging with Irish companies, such as ENBIO, in helping them
realise their full potential and contributing to the growth of Ire-
land's Space Industry.

Ireland lacks the presence of a European Large Space System
Integrator, such as Airbus in France or OHB in Germany, to com-
plement the growing ecosystem of Irish space start-ups. These in-
tegrators (also known as ‘Primes’) allow for economies of scale and
scope by bringing multiple components of the upstream and
downstream value chain under centrally coordinated control. To
counter this deficiency, EI hosted several Primes and emerging Irish
space enterprises in 2019 to promote collaboration and identify
opportunities for investment. The event resulted in over 70
business-to-business meetings.

Notwithstanding the disruptive impact of the global pandemic,
new ESA contracts are being signed, with companies like
�EireComposites securing the right to design and manufacture
equipment in Connemara for the Altius satellite. The NSSE target of
attracting five to ten new entrants to the space industry each year
has not been revised and is expected to be achieved despite COVID-
19.

COVID-19 has highlighted ways in which space can solve world
problems. A range of space technologies were deployed to help in
the fight against Covid-19. In Ireland, Skytek, a Dublin-based space
software company, developed a satellite-enabled platform to sup-
port the country's emergency response. With links to Ireland's
Computerised Infectious Disease Reporting system, it generates
alerts when suspected cases rise. PMD Solutions, a Cork-based
company, in partnership with Beaumont Hospital, developed the
world's first space-enabled 5G wearable medical device to monitor
respiratory-compromised patients in the community. This inno-
vation is yet another example of the spin-out potential for flexible
space-active companies in Ireland, adapting space products and
services for unrelated markets.

Broadening access to the internet has been pioneered by com-
panies such as ElonMusk's SpaceX (Lucey, 2021). 40% of theworld's
population still had no internet access in 2021 [51]. This inacces-
sibility acts as a barrier to economic growth and social mobility. In
the southern Irish county of Kerry, only two-thirds of households
have access to high-speed broadband). SpaceX's Starlink aims to
address this shortage by providing low-cost, high-speed broadband
beamed from low-orbit satellites. The company has partnered with
the National Space Centre (NSC) in Cork to supply internet to the
Black Valley, one of Kerry's most rural areas. The collective efforts of
SpaceX and the NSC herald the first direct investment of a Prime in
Ireland's space industry.

Domestic strengths in areas of material science and nanotech-
nology have put Ireland in a strategic position to take advantage of
the rapid shrinking in size of both satellites and propulsion units.
These transfers of technology not only benefit the space industry but
can also serve as a testbed for applications in other sectors. The 2017
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International Space Universities Space Studies Program (SSP17)
report underscored these positive spill overs from the space sector
into Ireland's domestic pharmaceutical and biomedical industries.
This is seen in ENBIO's vision to become ‘the multi-industry stan-
dard for sustainable, metal surface technology solutions’.

Some of the most high-profile collaborations involving Irish
space firms in recent times showcase just how far the Irish space
sector has come. For example, on 20th February 2021, R�ealtra's
PayLoad Data Router (PLDR) system, which was both designed and
manufactured here in Ireland, was launched onboard the SS
Katherine Johnson spacecraft from a NASA facility in Virginia. This
marked the first project whereby an Irish firm was the prime
contractor in the delivery of a complete space system, from start to
finish.

Ireland's space industry is characterised by strong stakeholder
engagement between the public and private sectors, both of which
are driven by value optimization rather than profit maximisation.
Irish space companies are committed to supporting secure, high-
paying employment, and the Irish Government is dedicated to
funding the commercial success of space-active businesses. There is
an understanding between both actors that the benefits of space to
both business and society compliment rather than compete with
one another. Ireland's space sector is committed to realising long-
term, sustainable growth that also promotes job creation and
environmental protection. The European Investment Bank has
forecasted the space commercialisation industry to grow by V2.3
trillion by 2030 (European Investment Bank, 2019), and Ireland is
keen to claim its piece of the pie. Collaboration is seen as a notable
strength across many of the Irish firms operating in the industry.

Overall, recent developments have put Ireland in a very prom-
ising position. With the presence of well-established software,
telecommunications, and nanotechnology industries, Ireland's in-
dustrial capabilities and strong talent base have made considerable
contributions to the global collaborative space race.

The NSSE highlights that as a small and diverse industry, Irish
enterprise must remain responsive to opportunities in a range of
sectors in order to successfully grow. Accordingly, Enterprise
Ireland is charged will supporting the development of an agile
space-active enterprise sector by pursuing an open innovation
model, including technology spin-in and spin-out; supporting
space qualification and Technology Readiness Level (TRL) progres-
sion for the commercial space market; building supply-chain re-
lationships with space systems integrators and ensuring non-
dependency on agency and institutional support. However, Irish
firms and individuals hoping to make a name for themselves in the
global space economy have been met with their fair share of ob-
stacles. Government oversight of structural arrangements in the
industry can constrain the long-term development of the sector.
This was outlined in the SSP17 report that called for greater priority
to be placed on establishing a national space agency, stating that a
space agency would help the industry to grow while aiding the
government in areas of education, outreach and investment. In
2017, a Roadmap for Emerging Space States (ARESS) was produced
by the UN Committee on the Peaceful Uses of Outer Space (COP-
UOS). This report also recommended that Ireland establish its own
space agency, to incentivise more space-active private industry
(International Space University, 2018). The absence of an Irish
chairperson in the United Nations Office of Outer Space Affairs
(UNOOSA) has left the Irish space industry with no party to
represent national interests. This has also left Ireland at a disad-
vantage as firms are legally unprotected in commercial operations
in space which has resulted in start-ups moving and/or setting up
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in nearby member states such as the UK. Calls for a national space
agency have been echoed by actors in the industry. The formation
of the Irish Space Industry Group (ISIG) in 2015, has provided a
platform to promote the collective interests of companies in the
sector with the aim to ‘preserve and grow a vibrant and sustainable
space industry sector in Ireland’.

An additional recommendation of ARESS was to increase in-
vestment in space-related STEM education (ibid.). However, other
voices in the industry havemaintained that efforts must bemade to
provide more routes into the industry apart from the traditional
degree paths in STEM. The provision of apprenticeship routes into
the industry in Ireland as is the norm in the likes of Airbus and
Surrey Space Centre in the UK can assist in promoting the growth of
the Irish Space Sector.

5. Discussion: a critical assessment of Ireland's space sector

By means of the triple/quadruple helix model, the following
table frames the emerging themes that were identified as a result of
the thematic analysis and that were thoroughly described in the
previous section.

The government played a pivotal role in shaping the evolution of
the industry. The fact that Ireland lacked public investment in na-
tional defence and security, owing to its strict policy of neutrality,
prevented the evolution of any indigenous defence industry to
encompass outer space. However, joining the ESA complemented
Ireland's defence policy position, given the organisation's over-
arching aim of promoting cooperation and collaboration among
European States on space research for purely peaceful outcomes.
For this reason, the Irish space industry is still primarily concerned
with the industrial possibilities provided by space technologies.
The government's commitment to supporting Ireland's space in-
dustry has been confirmed with the launch of NSEE and its ongoing
investment in space companies through Enterprise Ireland. The
Irish government has financed promising space research through
EI. This financed space-related start-ups, facilitating research, and
the commercialisation of space technology.

Nowadays Ireland's positioning in space is underpinned by
public and private cooperation at a national level, and membership
of the ESA and the EU internationally. Ireland's participation in the
ESA has provided the demand for Irish space products and services,
allowing an ecosystem of space companies to thrive. EI aids com-
panies in accessing finance through venture capital and equity
funding, it helps them to attain a certain level of maturity and
provides a source of expertise for Irish companies in initialising,
developing and executing space strategies.

Overall, from the evidence presented it can be inferred that the
government has played a pivotal in the establishment and ongoing
development of the Irish space industry. This pivotal role has
entailed a wide array of complementary initiatives ranging from
initiating international collaboration, setting an adequate industrial
policy strategically targeting the sector, direct financing (i.e., space
research, space-related start-ups, commercialisation of space
technology), the provision of incentives through a very competitive
corporate tax regime along with substantial investment in higher
education.

The importance of education to the current and future success of
the industry is visible in developments at primary, secondary and
tertiary levels. However, higher education remains the most
important channel through which scientific research in space be-
comes commercial reality. C-Space, Ireland's first dedicated hub for
space research and innovation fosters links to industry through
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consultancy and access to research facilities, as well as expanding
the skill set of Irish graduates through the introduction of amaster's
programme in space technology. Crucially, University College
Dublin's C-Space is home to EIRSAT-1, that was developed in
partnership with students from Trinity College Dublin, Dublin
Institute of Technology and Maynooth University. Ireland mem-
bership of the Copernicus Academy, which connects universities,
research facilities and business schools to enable cross-institutional
cooperation and the development of common frameworks for
teaching disciplines.

Civil society has been also instrumental in shaping the industrial
fabric of the Irish space industry-the same openness to inter-
nationalisation has brought remarkable benefits at national level
with non-profit organisations such as SGAC playing a pivotal role as
an interlocutor between the ESA and Irish university-based start-
ups such as Enbio and Innalabs which have won ESA contracts.

The Irish space industry developed in parallel as a result of the
government initiatives. In 1982, for instance following the Irish
membership of ESA, Aerlingus founded Devtec to manufacture
specialised mechanical components for ESA-Ariane launch vehi-
cles. Similarly, Space Technology Ireland Limited was established to
utilise the experience gained by Irish scientists in producing both
hardware and software for ESA programmes. As soon as Telecom
Eireann became a signatory to Eutelsat, Atlantic Satellites Ltd were
granted access to the direct broadcast satellite system. The strong
ethos of policy neutrality has brought Ireland to predominantly
focus and specialise in the downward segment, especially on earth
observation data. The openness of the institutional environment is
significantly visible in the synergies between the space and non-
Table 1
Framing the emerging themes utilising the triple/quadruple helix model.

Emerging themes Triple/quadruple helix model

The evolution of the Irish
space sector

The evolution of the Irish space s
government, the university secto
framework e both at macro level
flourish. The university has great
provision of the necessary skills a
has been able to fully capitalise f

The importance of
international
collaboration

It had a remarkable impact on the
pursued by the government have
timeframe. Ireland's participation
space products and services, allow
the basis of Ireland's place in spa
operate. ESA funding is central to
UNOOSA nor the UN's Committee
collaborate with international pa
recent increased global competit
significant risk to the growth of I
companies, and tariffs on goods o
At meso level, the same opennes
non-profit organisations such as
based start-ups such as Enbio and
Ireland has recently emerged on
allows access to an unprecedente
by the EU's Copernicus programm
benefit of approximately V30 bil
given its strong heritage in ICT, to
order to facilitate the use of this
agencies, industry and research i
data from European and other 3r
internationally traded services se
information, will be built. These s
automated processing and deep l
applied to other industrial applica
Earth Observation services sector
value from space derived data.
At micro level, international colla
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space industries, and the capability of Irish companies to ex-
change technologies between these industries.

Overall, the experience of the Irish space sector demonstrates
that the institutional perspective of entrepreneurship is apt to
explain both the evolution and the dynamics of the industry. Within
this context, the explanatory power of the triple/quadruple helix
model is particularly evident as highlighted in Table 1. The in-
teractions of the players of the triple/quadruple helix have proven to
be highly conducive to the growth of entrepreneurship within the
Irish space sector. Those interactions have been enabled by an
institutional environment that enables the forging of frictionless
connections and engagements among the players of the helix.

Additionally, from the application of the helix to the Irish space
industry a rather important finer grained nuance tends to emerge.
There is a widespread acknowledgement that informal institutions
play a key role in shaping the regional development [9e13] and to
great extent expectations foster entrepreneurial activities [19,20].
As depicted in Fig. 2, our findings highlight the pivotal importance
of openness to collaboration and of international orientation that
both take place at the institutional level and that by osmosis
similarly foster the entrepreneurial ethos of the space industry.

Furthermore, the case study provides emblematic evidence
that by engaging in fruitful collaborations at large with more
established players (i.e., Ireland closely collaborating with ESA
internationally and Irish space firms collaborating with well-
established non-space firms domestically), smaller countries can
indeed become niche players in the global space economy. Like-
wise, by making efficient use of their distinctive resources (i.e.,
their small populations, world-class education systems, and their
ector has clearly stemmed from the remarkable close interplay between
r, industry and civil society. The government has provided the institutional
internationally, and at meso level nationally e for the sector to be established and
ly benefited from adequate long-sighted national policies that have led to the
nd expertise that were needed by the industry. Atmicro level, the enterprise sector
rom the synergies stemming from the interplay between these layers.
sector across the three levels of analysis. Atmacro level, the international activities
allowed the Irish space sector to become globally competitive in a relatively short
in multilateral institutions such as the ESA has provided the demand for Irish
ing an ecosystem of space companies to thrive. Its membership of the ESA forms

ce and has given Irish space companies an international platform from which to
the industry's growth. However, at the same time, Ireland is neither a member of
on the Peaceful uses of Outer Space. This detracts from Ireland's ability to

rtners, whether public or private, and leaves the industry vulnerable, considering
ion. Additionally, the increasing trade protectionism by the US and China poses a
reland's space industry. Free trade is essential to the development of Irish space
r services destined for foreign markets would damage their competitiveness.
s to internationalization has brought remarkable benefits at national level with
SGAC acting a pivotal role as an interlocutor between the ESA and Irish university-
Innalabs which have won ESA contracts. Additionally, a key new opportunity for

foot of a 2017 agreement between Enterprise Ireland and ESA. The agreement
d volume of near real-time data about planet Earth and its environment captured
e. It has estimated that the Copernicus programme could generate a financial

lion, in addition to over 50,000 new jobs, by 2030. Ireland is ideally positioned,
seize this opportunity and develop Copernicus data to respond to opportunities. In
resource, Enterprise Ireland, working with Government departments and
nstitutions will establish a Space Data Hub, allowing users to access and process
d party space missions. This hub will form the core around which a vibrant
ctor, based on converting Earth Observation data into commercially valuable
ervices will be delivered through advanced ICT expertise, including among others,
earning. The Space Data Hub will drive the development of skills which can be
tions such as Industry 4.0. and will stimulate the creation of a vibrant, sustainable
, bringing value to industry and the community through the creation of commercial

boration amongst the Irish domestic firms has led to the establishment of high-

(continued on next page)
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Emerging themes Triple/quadruple helix model

profile initiatives such as the adoption by NASA of the PLDR system - the first project where an Irish firm was the
prime contractor in the delivery of a complete space system, from start to finish. Furthermore, SpaceX's Starlink
allying with the NSC should spur further investment and partnership between Irish space companies and Primes
abroad. More business-to-business meetings and government involvement are needed in this regard.

National policy and
governance

Despite possessing sufficient expertise Ireland lacked public investment in national defense and security, owing to
its strict policy of neutrality. This traditional policy of military neutrality has significantly hindered the development
of any indigenous defense industry to encompass outer space. However, at the same time it has pushed the sector
into primarily exploring the industrial possibilities provided by space technologies for peaceful purposes. This
reflects the historical view of space as a strategic resource and a vehicle to promote national security.
Ireland lacks a dedicated government agency for space. EI is the government agency charged with developing Irish
enterprise in world markets (Enterprise Ireland, 2021a). Consequently, EI works to promote all industries, meaning
space companies are competing with other unrelated start-ups/SMEs for resources.

Education and research Ireland's investment in STEM education has developed highly skilled knowledge workers who can effectively realise
the opportunities present in the industry.
The NSSE highlights that the size of the emergent space-active industry in Ireland means that the critical mass is not
yet achieved to require a broad range of dedicated space related third level educational programmes. The absence of
a Large System Integrator (LSI) or ‘Prime’ company in Ireland, and the size and variety of disciplines active in the
sector mean that much of the training for the individual needs of enterprise is carried out in-house or co-operatively
within small groups of enterprises through the Space Industry Skillnet, which provides a dedicated training network
for the space sector.
Female participation in STEM education can be increased and more space-related undergraduate courses can be
offered at universities. Business concepts such as finance and marketing for space companies could be incorporated
into existing space-related degrees.

Financing of the Irish space
sector

In relation to the economic incentives, the success of both ESA and EI funding initiatives is supported by one of the
most competitive tax systems in the world where a corporation tax rate of 12.5% on trading profits is substantially
lower than in competing countries. This gives Irish based companies a significant competitive advantage and is
nurturing a vibrant space ecosystemwhere the entrepreneurial attitude of its stakeholders is bound to pave the way
to business success.
Ireland's stellar financial infrastructure provides a competitive advantage for both space start-ups and incumbents
through the commercialisation fund, Agile Fund and Ireland's attractive tax regime including its low corporation tax
and 25% tax credit on R&D.

The Irish space enterprise
sector

In line with the open and collaborative nature that characterize Ireland's national culture, the sector has been
thriving out of its active and dynamic participation in multilateral institutions such as the ESA which has provided
the demand for Irish space products and services, allowing an ecosystem of space companies to blossom.
Furthermore, by capitalizing on its global reputation in the fields of material science, nanotechnology, software
development, software engineering, pharmaceuticals and med-tech, Irish firms were successfully able to establish
themselves in downstream activities.
At meso level, the ability of Irish space-active companies to exchange technologies between space and non-space
sectors, where technology synergies exist, is seen as key in the development of a sustainable and agile industry
where spin-in and spin-out mechanisms play a pivotal role.
At micro level, Irish firms have shown remarkable dynamic capabilities [52] where ambidexterity [53] has been
instrumental in allowing them to fully exploit their core competences in order to explore new opportunities.

Fig. 2. The impact of collaboration and international orientation on entrepreneurship.
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thriving ecosystems), they can become leaders in the space arena.
Ireland is positioned to play a role in the growing global space
sector. As collaboration in the space sector becomes more
important into the future, Ireland's established prowess in terms
of collaborative leadership capabilities can also work to its
advantage.
6. Conclusion

The contribution of the study is twofold.
First, at a theoretical level our findings demonstrate the explan-

atory value of the institutional perspective of entrepreneurship and
it does so in relation to the specific context of the Irish space industry.
Historically, the resource-based theory of the firm [54] has been one
of the key theories in entrepreneurship because access to resources
is central to the success of a new venture. While resources are
certainly crucial, it has increasingly become clear that both formal
and informal institutions [15,16] play a pivotal role in fostering
entrepreneurship. This is particularly evident in relation to the Irish
space industry. Our analysis offers a comprehensive empirical
exploration of the role of the triple and quadruple helix models and
the interrelationships among universityeindustryegovernment-so-
ciety constituents within the Irish space sector. Issues such as the
institutional environment, tradition and history in an industry, the
national culture, and economic incentives all can impact the evolu-
tion of a sector and, in turn, greatly influence entrepreneurial success
[55]. Within this context, institutional theory provides a theoretical
lens through which these issues can be identified and examined [56]
and the Irish space sector is indeed the ideal setting for doing so. This
is particularly evident if we look at the distinctive evolution of the
Irish space sector, whereby these key stakeholders have played a
pivotal role. More precisely, within the Irish space sector by coupling
an institutional perspective of entrepreneurship with the triple and
quadruple helix models that have been widely adopted by regional
studies this study has provided cohesiveness to an array of inter-
national business topics such as innovation and international
competitiveness whose interplay tend to be overlooked by over-
looked by extant scholarly work (e.g., the study by Lamine et al. [4]).
In particular, such a cohesiveness allows a finer grained picture of the
institutional dynamics that have enabled the Irish space industry to
flourish to be gained. The application of the helix to the case study
ultimately highlights the pivotal importance of openness to collabo-
ration and of international orientation that characterise the institu-
tional fabric and that significantly shape the entrepreneurial attitude
within the space industry.

Second, the study makes an important methodological contri-
bution by developing a robust and compelling single case study by
relying on systematic thematic analysis of secondary data. Until
recently, thematic analysis was a widely used yet poorly defined
method of qualitative data analysis. Thematic analysis is rapidly
becoming widely recognised as a unique and valuable method in its
own right, alongside other more established qualitative approaches
like grounded theory, narrative analysis, or discourse analysis.
While most extant studies adopting thematic analysis have largely
relied on primary data, this article adopts a single case study
approach whose explorative qualitative ethos can equally provide
rich granular insights into several key themes. These are namely the
distinctive evolution of the Irish space sector, the importance of the
international collaboration, national policy and governance, education
11
and research, financing of the Irish space sector and the Irish space
enterprise sector.

The policy implications stemming from the case study are also
significant. In relation to the specific case of the Irish space sector,
our results suggest that the roles of government, university, in-
dustry, and civil society vary in the promotion of entrepreneurial
activity across the different level of analysis. For instance, the role of
civil society seems to be particularly important only in relation to
the macro level concerning the international collaboration. In
addition, the heterogeneous effects of interaction among the
players of the triple/quadruple helix on entrepreneurship suggest
that systematic policy approaches are required in making effective
entrepreneurship policy. The role of the university sector is espe-
cially important, in that it mediates the interaction among the
players in the triplex helix system and can yield to valuable syn-
ergies in sectoral entrepreneurial activity. In addition, the positive
and significant effect of higher educational attainment within the
Irish context on entrepreneurial activity further emphasises the
important role of the university sector in entrepreneurial
development.

Our study contributes to the entrepreneurship policy literature
by demonstrating the value of a more structural entrepreneurship
policy emphasising the co-evolutionary relationship among uni-
versity, industry, and government, as well as civil society, in pro-
moting sectoral entrepreneurial activity.

The research provides richer and granular insights into the
relevant institutional dynamics that have allowed the Irish space
industry to be established and to flourish. Although these insights
could not have been achieved by employing a different method-
ology, our methodology would have benefited from the inclusion of
some primary data collection bymeans of in-depth interviews with
the relevant players of the Irish space sectors.

There are opportunities for more research on the topic of the
Irish space sector. A survey of the population of sector firms
addressing the findings from this study would make a further
contribution to our understanding of entrepreneurship in relation
to the specific motives, strategies and challenges associated with
their establishment. Similarly, the rising political tensions in
Europe due to the occupation of Ukraine by Russia may call Ire-
land's position of neutrality into question. Its space industry may
be forced to work only with certain countries or suppliers,
undermining the potential for global expansion. Furthermore, the
complexity of global supply chains means that any disruption to
manufacturing upstream can impact upon services downstream.
This could result in a ‘butterfly defect’ within the global space
industry, where a negative shock to one sector or country desta-
bilises the whole global economy [57]. These latest developments
warrant further investigation.
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Table A1 (continued )

How Who and what Where and when

Web article McCall, B. (2020) Space: the new commercial frontier for
Irish firms reaching for the stars.

Available at: https://www.independent.ie/business/small-
business/space-the-new-commercial-frontier-for-irish-
firms-reaching-for-the-stars- 39745146.html [Accessed 12
April 2022].

Web article McCall, B., (2021) Plenty of room for Irish companies in the
digital space race.

Available at: <https://www.irishtimes.com/sponsored/
plenty-of-room-for-irish-companies-in-the-digital-space-
race-1.4467364> [Accessed 12 April 2022].

Web article O'Regan, E. (2021)Making ItWork: Galway siblings focus on
the future of space communication | Business Post.

Available at: <https://www.businesspost.ie/smes/making-
it-work-galway-siblings-focus-on-the-future-of-space-
communication-97ffcb14> [Accessed 12 April 2022].

Web article Ravanona, A. (2021) Trailblazing Women: Susan McKenna-
Lawlor, Leading Irish Scientist & Founder of Space
Technology. Medium.

Available at: <https://medium.com/anne-ravanona/
trailblazing-women-susan-mckenna-lawlor-leading-irish-
scientist-founder-of-space-technology-a8d5fa289772>
[Accessed 12 April 2022].

Web article Roy, E. (2020) Aiming for the stars: how New Zealand's
space industry is causing turbulence. The Guardian.

Available at: <https://www.theguardian.com/world/2020/
jan/25/aiming-for-the-stars-how-new-zealands-space-
industry-is-causing-turbulence> [Accessed 12 April 2022].

Web article RTE.ie. (2021a) Ireland's first ever ‘Space Region’
established.

Available at: <https://www.rte.ie/news/business/2020/
1030/1174921-irelands-first-ever-space-region-
established/> [Accessed 12 April 2022].

Web article RTE.ie. (2021b) Elon Musk targets Kerry for broadband pilot
scheme.

Available at: <https://www.rte.ie/news/business/2021/
0223/1198738-spacex-and-co-kerry/> [Accessed 12 April
2022].

Web article Taylor, C. (2021) �EireComposites to design parts for space
satellite set for ozone mission. The Irish Times.

Available at: <https://www.irishtimes.com/business/
innovation/%C3%A9irecomposites-to-design-parts-for-
space-satellite-set-for-ozone-mission-1.4497419>
[Accessed 12 April 2022].

Web article Whelan, Z. (2020) A moment in the sun: Meet the Irish
spacetech entrepreneurs boldly growing.

Fora Magazine. Available at: https://fora.ie/ireland-space-
tech-industry-solar-orbiter-enbio-captec-4994757-
Feb2020/[Accessed 12 April 2022].
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