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Abstract: Business incubators ensure networking and facilitate Open Innovation (OI) collaborations
both inside the incubator among entrepreneurs and outside with external stakeholders. Recently,
the sustainability and the promotion of environment-friendly businesses has become an important
focus for the business incubators. Sustainability-oriented business incubation is a relatively new
and emerging topic both for scholars and BI practitioners. This paper aims to explore the theoretical
groundings for the business incubation perspectives in facilitating sustainable value creation through
OI approaches and to test research instruments exploring determinants of the technology-driven
sustainable value creation in incubated start-ups in Latvia. Through the pilot survey, this study
will also increase the awareness on the importance of the OI and the creation of sustainable value,
and provides the preliminary results to be considered by scholars and practitioners. Results show
that climate change, as a planetary boundary, positively stimulates incubated start-ups to improve
their technology-driven sustainable value creation. However, sustainability ambition, if negatively
influenced by the incubator location, negatively affects the technology-driven sustainable value
creation. These results on the sustainability scale within the business incubation of start-ups contribute
to the new theoretical concepts, related to integration of the sustainability issues and OI practices
within business incubation.

Keywords: technology-driven sustainable value creation; incubated start-ups; Latvia; sustainable
strategy; sustainable ambition; planetary boundaries

1. Introduction

Open innovation (OI) is the actual framework for exploiting external resources and
wider networks so as to accelerate innovation instead of just operating with in-house
resources [1]. Scholars believe that OI has increasingly facilitated the development of
business incubators (BIs) during the last decade and BIs have gone through several stages
of evolution from regional and university incubators to more specialised BIs and other
approaches to start-up promotion [2].

This study explores the situation of Latvia, business incubators operated by Latvian
Investment and Development Agency (LIDA) and incubated start-ups. LIDA is one of
the most important intermediary organisations providing different support incentives to
entrepreneurs and start-ups. LIDA has comparatively large experience in the business
incubation sector. LIDA was the supervising body for the business incubators funded
by European Structural Funds in the period (2007–2013) when regional incubators were
operated by private partners attracted through the public procurement. Then, starting
from the previous EU planning period (2014–2020), and in this period (since 2021), regional
incubators are operated by LIDA. OECD [3] has acknowledged that LIDA is one of the most
effective intermediary bodies for the promotion of the open innovation system as it has
close links with higher education institutions, research institutions, financing institutions
and business representatives.

J. Open Innov. Technol. Mark. Complex. 2022, 8, 162. https://doi.org/10.3390/joitmc8030162 https://www.mdpi.com/journal/joitmc

https://doi.org/10.3390/joitmc8030162
https://doi.org/10.3390/joitmc8030162
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/joitmc
https://www.mdpi.com
https://orcid.org/0000-0002-2403-3814
https://doi.org/10.3390/joitmc8030162
https://www.mdpi.com/journal/joitmc
https://www.mdpi.com/article/10.3390/joitmc8030162?type=check_update&version=2


J. Open Innov. Technol. Mark. Complex. 2022, 8, 162 2 of 33

The OECD assessed the innovation diffusion within Latvia, which is the ability to
gather new ideas from external resources outside the company, and using these ideas
for the introduction of the innovation [3] that is one type of OI. According to OECD, the
start-up ecosystem in Latvia is dynamic with a growing potential of innovation diffusion
and development. The national innovation system in Latvia is gradually changing towards
an open innovation system, where start-ups play the most important role in promoting
and using innovation diffusion [3]. However, there are several obstacles that prevent the
innovation diffusion and the adoption of OI practices. The stakeholder collaboration and a
trust to cooperate as an important prerequisite of the OI is more common among personally
known partners. There is a lack of cooperation between entrepreneurs and the academic
community, and the importance of these interrelations has not been acknowledged. Fur-
thermore, OECD highlights the need to strengthen the systemic approach encouraging
multi-actor cooperation. Small entrepreneurs and start-ups lack the knowledge and time to
engage in the OI activities and attract external knowledge for the development of innova-
tion [3]. Although, the start-up ecosystem is one of the most active and shows dynamic
development, in recent years, during the COVID-19 pandemic, the number of start-ups,
their survival rate and the growth potential has declined in Latvia, and their recovery will
require more than a decade [4]. The incentives for the promotion of the entrepreneurial
and innovation ecosystem, innovations, technologies, R&D and a green transition have
been identified as promising tools to support this recovery and further development of
start-ups [4].

BIs, being an important intermediary actor of the entrepreneurial ecosystem [2], pro-
vide support in the creation of new ventures or the scale-up and growth of incubated
businesses, namely, tenants [5,6]. Business incubators (BIs) support start-ups in dealing
with the uncertainties and overcoming the overwhelming challenges of growth. Business
incubators ensure networking and facilitate OI collaborations both inside the incubator
among entrepreneurs and outside with external stakeholders. This is a comparatively new
research domain within business incubation studies and, as such, it lacks knowledge [6].
Accordingly, the use of the OI approach in business incubators and incubated start-ups is
an existing knowledge gap, as there is a lack of detailed studies creating a theoretical basis
for the use of the OI approach within business incubators. Although in this respect certain
contradictions between the theory and practices are formed, as business incubators have
an encouraging environment in which to use the OI approach, moreover, this approach is
eventually used without the realization that it is OI and is used without any methodological
prescriptions. This determines the first motive and relevance for conducting this research
in order to broaden the theoretical understanding of the researched questions, as well as
to develop and pilot research instruments for future studies. Recently, sustainability or
circular transition and the promotion of environment-friendly businesses has become an
important focus for business, and consequently business incubators [7]. Sustainability
implies creating a wider positive impact on the environment, society and various stake-
holders. From companies and business incubators, it requires significant changes in the
current management and business practices. Currently, there is a lack of such experience
and approved practices on how to create a wider sustainable impact. The ability to adapt
to such changes is a challenge for business support organizations (including business
incubators), entrepreneurs and start-ups [7]. Sustainability-oriented business incubation is
a relatively new and emerging topic [8]. Recently, more and more companies acknowledge
the importance of sustainable value creation, as well as the business opportunities provided
by sustainable innovations that require new paradigms in business practices, attitudes,
values, cooperation, shared responsibilities with regard to risks, resource allocation and
value creation [9].

Sustainable business does not mean charity, but integration of the sustainable value
creation within the business model [10]. The European Investment Bank, as well as Latvian
commercial banks and investors, are paying more attention as to how companies will
be able to perform and report on environmental sustainability, social responsibility and
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corporate governance, and this framework more commonly known as the abbreviation
ESG and associated with sustainability [11].

Researchers have previously concluded that OI enhances the sustainability, eco-
innovations and technological development [9], but acknowledged the need for more
detailed investigation of this relationship [12]. This is the essential question in the context
of this study, as the adoption of the OI approach in business incubators lacks theoretical
and conceptual guidelines, but it is an essential component for creating the sustainable
value in the incubated start-ups. This study will motivate the academic discussion about
the need for further studies to explore and define new guidelines for a more successful
integration of the OI approach in business incubators in order to promote the creation of
sustainable value, which is an inevitable transition in the coming years. These challenges
are very important and individual solutions are not suitable, so it is important to build
global practice and knowledge on how to use OI for creating the sustainable value with
a positive social and environmental impact [9]. Business incubators have already proven
their ability to act as a driving force for start-up companies and their support ecosystem.
There is a fundamental reason to consider that business incubators have a hitherto un-
derappreciated role in promoting sustainable, eco and social innovations directly in the
start-up ecosystem, as they have a wide network of partners and tools for motivating the
cooperation of various involved parties [13].

This article fills the research gap by defining the main determinants for the creation
of technology-driven sustainable value in incubated start-ups, as well as specifying the
quadruplex helix cooperation model as the framework allowing integration of sustainability
issues and OI practices within the business incubation and start-up ecosystem.

The authors have an ambition to conduct a national study in Latvia on the determi-
nants of technology-driven sustainable value creation in incubated start-ups and the role of
OI approaches.

The understanding of responsible and sustainable business and its important role in
the business environment of Latvia is increasing. The results of the Sustainability Index are
clear proof of this. The recent results of the annual Sustainability Index assessment in Latvia
show an increasing interest of various organizations in participating in this assessment.
However, the number of participating organisations able to achieve the minimum threshold
of the Sustainability Index is slowly increasing and in 2022 the number of such organisations
was 78. The organizations that received the Sustainability Index rating are mostly large
and medium-sized. The Sustainability Index is not a competition, but any company or
organisation may obtain the Sustainability Index ranking measuring how far a given
organization is on its way to sustainable business practices [14]. However, small or micro
SMEs and start-ups have not passed the Sustainability Index ranking and the total number
of organizations listed in this rank is relatively low.

The purpose of this paper is to explore the theoretical groundings for business incuba-
tion perspectives in facilitating sustainable value creation through OI approaches and to test
research instruments exploring determinants of the technology-driven sustainable value
creation in incubated start-ups of Latvia. By this study we also increase the awareness on
the importance of the OI approach and the sustainable value creation within the ecosystems
of start-ups and business incubation. Moreover, the case studies of Estonia and Finland, as
well as the interviews with international experts, have proved the necessity to expand this
study to a transnational level.

There are three main tasks:

1. To identify business incubation trends and further perspectives related to OI and the
sustainable value creation perspectives;

2. To conduct a pilot study of incubated start-ups and to explore preliminary findings on
the determinants of the technology driven sustainable value creation within incubated
business start-ups;

3. To validate the theoretical conceptual model and the research instruments.
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Latvia is a country motivated to strengthen its sustainability strategy and align it with
more developed countries [15]. Moreover, the national innovation ecosystem of Latvia
mostly focuses on technological innovations, and that is seen as an important driver for
the technology-driven sustainable value creation in start-ups [16]. Previously, the authors
emphasized challenges in Latvia for creating sustainable value. There is a low involvement
of various stakeholders in the social innovation, which does not encourage the use of OI
in sustainable value creation [17]. There is lack of knowledge and studies about social
innovation [18]. Entrepreneurs lack the experience and knowledge to develop new circular
business models and create a positive environmental impact [19]. The results showed
that climate change, as a planetary boundary, positively stimulates incubated start-ups
to improve their technology-driven sustainable value creation. However, sustainability
ambition, if negatively influenced by incubator location, negatively affects technology-
driven sustainable value creation. These preliminary results on the Sustainability scale
contribute to the theoretical concepts related to sustainability and business incubation, as
well as business incubation practice. These results are in line with the main findings from
the literature review.

This article provides national findings on technology-driven sustainable value creation
by incubated start-ups. Internationally it proposes the business incubator as an OI partner
and a Quadruple Helix actor promoting and ensuring the incubated start-up sustainability
as, what is nowadays, emerging global trend.

The article contains five sections. The introduction highlights the topicality and the
research gap, as well as providing an insight into the research purpose and main tasks.
Section 2 reveals the findings of the literature review and sets-up the theoretical concep-
tual model for this research. Section 3 describes the research methodological framework.
Section 4 provides the description of the data analyses and results acquired, as well as sub-
stantiating the findings against the previous discussion of other scholars. In the last section
of this article we describe the scientific and practical implications, as well as specifying the
limitations of this research and identifying a future research agenda.

2. Literature Review

The literature review was conducted using articles selected from the SCOPUS database.
The first search string was as follows: TITLE-ABS-KEY (“Business incubat *” OR “incubated
start-up” OR “incubate”) AND (“open innovation”), accordingly 97 articles were selected
for the review. The second search string was the following: TITLE-ABS-KEY (“business
incubat *” OR “incubated start-up” OR “incubate”) AND ((“sustainab *” OR “shared value”
OR “sustainable value”)) AND (“technolog *” OR “technology driven”) and we limited
this search to the last 10 years since 2011; accordingly, in total, 375 articles were found
and we prioritised the selected articles paying more attention to journals and publications
with a higher citation impact. In addition, other relevant literature sources were purposely
examined from the references of initially selected articles.

2.1. Business Incubators as Quadruple Helix Actors Promoting Sustainable Value Creation
through OI

There are four separate important concepts that have been previously explored by
other researchers—the business incubation or business incubators [20], OI [21], Quadruple
Helix cooperation [22] and sustainable value creation [23]. In this section, the theoretical
positions on the nature and mutual interaction of these concepts are explored.

The literature review reveals the main findings about actual trends in business incuba-
tion through the OI approach and the sustainability perspective. These trends are linked
with OI due to collaboration and co-creation necessity. The concept of OI offers new strate-
gies and practices for using not only in-house resources in the innovation process, but also
to gain knowledge, new ideas and expertise from outside, in order to advance innovation
(outside-in), or to share ideas and knowledge with others (inside-out). Both outside-in
and inside-out OI activities contribute to advance the value creation and capturing [21,24].
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The OI approach envisages the creation of new knowledge and ideas in collaboration with
other stakeholders, for instance, government organizations, consultants, research centres
and universities, customers, society and non-governmental organizations or other private
companies considered as the triple, quadruple and penta helix cooperation [22,25,26].

Incubators are important OI Partners [27,28] for incubated start-ups and form the
role of facilitator in empowering cooperation between various actors specified within the
Quadruple Helix cooperation model (e.g., public and private sectors, research institutions
and society) [29–31].

The scholars’ discussion on multi-dimensional cooperation and co-creation is closely
related to the concept of an entrepreneurial ecosystem, where incubators have been con-
sidered important in promoting new business creation and start-ups [6]. According to the
entrepreneurial ecosystem paradigm, various stakeholders are motivated to collaborate or
form synergies in order to be more advanced in the competition [6], which complements
the general OI approach to share knowledge resources and co-create innovation.

Sustainability-oriented business incubation is a relatively new and emerging topic [8].
Researchers distinguish the impact on the entrepreneurial ecosystem level beyond the
boundaries of the business incubators or tenant companies [2]. On the ecosystem level
it is important that the business incubator is recognised as a valuable contributor to the
sustainable regional growth and the well-being of local people by the promotion of the local
entrepreneurship, use of local resources and job creation [32]. Changes in this level have an
interdisciplinary nature and can also be influenced by other factors, but incubators may
only have a mediating role and may depend on the collaboration with other stakeholders.

Scholars have concluded that collaboration for sustainability is a recently emerging
trend and there is insufficient knowledge on these issues, borne out by the comparatively
low number of publications within scientific databases [33]. Researchers can agree [33]
that the importance of cross-sectoral collaboration will increase in the context of sustain-
able value creation. The OI approach provides several benefits motivating cross-sectoral
collaboration, while the Quadruple helix may help to define the type of actors and their
roles. Whereas the stakeholder theory substantiates the theoretical discussion about the
cooperation of various actors [34] and the sustainable value co-creation [35], it also paves
the way for important interconnectivity with OI.

OI and sustainability have a multi-level nature. The management of business incu-
bators uses these approaches to create a favourable environment for the facilitation and
promotion of incubated start-ups. Likewise, OI and the sustainability approaches have
been adapted and used at a micro level in each of the incubated start-ups to create and
capture value. The Quadruple Helix collaboration model forms the theoretical framework
for the cooperation of four types of stakeholder groups in the sustainable value creation [36].
The Quadruplex Helix cooperation model has a common ideology with the concept of
collective impact, as described by Kramer and Pfitzer [37]. This concept envisages that
social problems caused by complex actions and various stakeholders require collective
efforts by different actors mutually engaging in solving these problems, whereas companies
must find opportunities for balancing the social impacts and economic benefits [37].

During the last 10 years the community of scholars has been increasingly discussing the
promotion of sustainable and circular business model innovations and new ventures [38].
Some researchers have investigated the circular economy or green business incubators that
are recently seen as important contributors to the sustainable transition and achievement
of sustainable development goals [7].

The evolution of corporate social responsibility has led to the necessity of incorporating
sustainable value creation within the business models of ventures [10]. Sustainable business
is associated with the entrepreneur’s motivation to create environmental and social values
besides economic value. This means that companies, besides profit-making, are willing to
create a positive impact beyond their business by improving the well-being of society or
contributing with solutions to environmental or social problems [39].
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Researchers have previously defined the triple bottom line to conceptualise the en-
vironmental, social, and economic performance [40] or the shared value [37]. Both these
concepts insist that environmental and social performance cannot be considered as charity
but should be incorporated within the business, allowing it to create monetised value as a
profit, either through resources and cost savings, the introduction of new revenue streams,
the creation of new products or sharing of resources [40]. According to Kramer and Pfitzer,
the creation of shared value must secure the financial revenues in a way that improves the
well-being of society [37].

The nature of business is changing from shark-like competition towards coopera-
tion and creation of sustainable or shared values to address social and environmental
issues [10,41]. The creation of a positive environmental impact is increasingly promoted
as an essential part of business models and a value chain [42], yet positive environmental
performance as a value is not precisely conceptualised [43].

The creation of shared value sets new responsibilities to companies, customers and
other involved stakeholders, and each of them have different motives, but a common
impact to achieve in the long term, for instance, a positive impact on the environment and
planetary boundaries [44].

In the sustainable context, the shared value links the economic value—a profit and
resource efficiency with the issue of ecological feasibility [45]. This means that sustainable
value creation combines an economic value with delivering benefits to external stakeholders
and the environment [10].

2.2. Innovations and the Creation of Sustainable Value in Start-Ups

The sustainable business requires various innovations that can provide new or better
opportunities to address the needs or problems of society. The concept of sustainable
business model (SBM) was developed when different types of businesses, including start-
ups, began to integrate sustainability into their business operations [46,47] and within the
value chain, meaning the value creation, proposition to customers or stakeholders, delivery
and capturing [48].

While ordinary business models focus on the economic value creation and capturing
for shareholders, the sustainable value chain differs with the ambition to create social and
environmental values beyond the company, bringing benefits to society and the environ-
ment [23].

In the wider context, the environmental and sustainable value creation is linked with
innovation, all forming key priorities within the Smart Specialization strategies (RIS3) [49].
The sustainable value creation requires system thinking due to the complex systemic
changes and innovation involving various actors and therefore the concept of the innovation
ecosystem is often exploited [23].

Lüdeke-Freund [39] insists that two motives should be distinguished for the sustain-
able and environmentally-friendly business performance. The first motive for entrepreneurs
has been identified as being the requirement to comply with social and environmental
regulations, which may lead to economic benefits or, according to the Porter hypothesis [50],
stimulate innovations. The other motive, opposite to the first one mentioned, is associated
with the voluntary willingness to create sustainable value as an integral part of the business
model, thus creating financial or non-financial benefits for the company [39].

According to first motive (Porter hypothesis), it can be understood that environmental
regulations and requirements stimulate the environment-friendly business or sustainable
business practices, which results in innovation. Thus, sustainable business practices can
be considered as input, but innovation as the outcome. Referring to the second motive
according to Lüdeke-Freund [39], in turn, innovation can be considered as input and
sustainable business practices as the outcome. However, within the debate of researchers,
innovation has a common nature, also called sustainable innovation, which is associated
with green, ecological and eco innovations [51]; innovations that provide new solutions
to social challenges and respond to the needs of societal changes [23]. In relation to the
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innovation and the sustainable value creation researchers opine that this interrelation
between innovation and sustainable value creation is more complex and systemic as it
must involve the shareholders of a company and various other stakeholders, employees,
customers and users, suppliers, people, and the environment [23]. In the last 10 years,
with the emergence of the concept of the circular economy, researchers have distinguished
circular and sustainable innovations. While circular innovations are explicitly related
to ecological, environmental and climate change related innovations [52], sustainable
innovations assume both environmental and social issues, balancing economic, social, and
environmental values [53].

The innovation for the creation of sustainable value has a multi-dimension nature. In
relation to circular innovations, Konietzko et.al. [54] propose three perspectives: product or
service innovation; business model innovation; and ecosystem innovation. Furthermore,
Evans et.al. [23] have stressed that sustainable innovation has a systemic or a holistic nature.
De Jesus et.al. [52] have distinguished various dimensions of the innovation:

1. The narrow—product, service, organisational, process and marketing, mainly associ-
ated with the products or processes in a particular company.

2. The holistic—related to the business model and the value chain or the macro systemic
level, as similarly proposed by Konezko et.al. [54].

3. The nature of change—the technological innovations, non-technological innovations,
incremental innovations; namely having the gradual nature of the change and radical
innovations, or creating a completely new value or innovation.

These authors consider the aforementioned division in relation to the circular innova-
tion, but it can also be considered in the wider context of sustainable innovation as having
a similar nature from the perspective of sustainable value creation.

In the context of the SBM, Boons and Lüdeke-Freund [55] suggested three streams of
innovations that particularly trigger sustainable value creation: technological, organisa-
tional and social (see Figure 1). These researchers believe that these streams are interrelated
and can be applied within the company, two of them or all three in parallel.
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the authors).

This division of sustainable value creation streams is appropriate for business start-
ups considering their abilities and motives for innovation and sustainable value creation.
Technological development and innovation are important in the adoption of sustainable
business practices and lead companies to sustainable value creation [56]. The classification
and types of innovations are different, on the one hand technological changes are distin-
guished as one type of innovation, yet the technological progress is an important catalyst
for other innovations and the sustainable value creation.

The OECD [57] defended the opinion that emerging new technologies will be one of
three factors forcing companies to adopt circular business models and to create sustainable
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value, especially regarding a positive environmental impact. Government organisations
are prioritising support programmes and interventions for the development of green
technologies or new technologies that facilitate the development of environment-friendly
businesses; furthermore, in regard to start-ups of a cleantech nature, namely ventures that
contribute to environmental sustainability [58].

Moreover, the creation of technology-driven sustainable value might require a rela-
tively high investment prior to launching the business and this bears higher risks, especially
for start-ups. There are a number of examples of new technologies for sustainable value
creation, for energy efficiency, smart solution for monitoring and management of the con-
sumption of energy and other resources, waste recycling, technologies for using renewable
resources, electric mobility, smart mobility solutions and others. For instance, technologies
for recycling waste tyres require investments in the R&D of new products, production
technologies and installing new recycling or production equipment [59]. Furthermore, EU
funded Horizon Europe has various projects demonstrating business cases and examples
of technology-driven sustainable value creation [60].

Thus, the motivation for further investigation of sustainable value creation, particularly
induced by technologically-driven innovations within start-ups, is substantiated by previ-
ous studies and the exponentially-growing European and global green transition activities.

Besides emerging new technologies, OECD has declared that new customer needs and
sustainable preferences, as well as new risks, will motivate entrepreneurs to an environment-
friendly and sustainable way of doing business [57]. New customer needs and business
risks can both be related to the necessity of new technologies. This requires the ability,
expertise and readiness of start-ups to develop and adopt these technologies. Given the
sustainability challenges, start-ups must acknowledge and adapt to social, environmental
and climate change challenges, and accordingly perceive the sustainability strategies [61].

Despite the importance of technology-driven sustainable value creation, little is known
about its determinants. Some recent studies address factors to be investigated in future
studies, such as planetary boundaries, sustainability strategy, and ambition [55,61].

Technology–driven start-ups are important actors of the innovation ecosystem, which
enable technological development and innovation through multi-actor collaboration and
interaction [62]. Digitalisation and new technologies, open innovation, and strong collab-
oration networks are important prerequisites for a well-functioning innovation ecosys-
tem [62,63]. Given that, these prerequisites are also important drivers for the successful
development of technology-driven start-ups and the creation of sustainable value with a
positive impact on the environment [64]. This study contributes to the knowledge and the
recently-growing discussions among scholars on circular ecosystem innovation, which is
still under-researched with regard to management studies and, more specifically, in relation
to the incubation and start-ups [54].

Technology-driven sustainable value creation is considered in relation to the circular
economy business principles, especially, recycling, remanufacturing, developing biodegrad-
able materials, solutions for using of renewable energy and others [65].

2.3. Determinants of the Creation of Technology-Driven Sustainable Value in Start-Ups

According to Kuckertz et.al. [61], there are three determinants of technology-driven
sustainable value creation: planetary boundaries; sustainability strategy; and sustainability
ambition (Figure 2).

In the context of this research, the term planetary boundaries is understood to be the
intention of start-ups to respect the global ecological challenges and introduce solutions to
these environmental problems within the value chain of a business model and in creating
a sustainable value. Previously, researchers identified nine global ecological challenges
that characterise planetary boundaries [61,66–68]. Three of these planetary boundaries
(i.e., climate change, loss of biodiversity, acidification of the ocean, nitrogen and phos-
phorus production) are beyond their critical values [61,66]. These ecological challenges
are societal problems that the public sector and society are unable to address and pro-
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vide new opportunities to business for developing new sustainable business models and
innovations [10].
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The next question or determinant for creating sustainable value is start-up conscious-
ness and concerns putting effort into creating sustainable value. In relation to environ-
mental issues, there is the scholars’ discussion about the green business mindset, where
sustainability thinking, values and concerns play a decisive role [69]. Social and environ-
mental consciousness motivates entrepreneurs and start-ups to consider how to implement
sustainable business practices and a suitable strategy for creating sustainable value [56].
Researchers have paid attention to the study of sustainable and green competences, which
form both the awareness of sustainability and the future ambition to think about the
adaptation of sustainability principles in business [70].

The sustainability ambition, applied both on the individual and company level, has a
multi-dimensional nature and can be regarded as the sustainability attitude and a value
orientation, the sustainability awareness and knowledge, ability, and willingness to create
the sustainable value [71]. The level of sustainability ambition can be different, and
researchers propose to determine the measurement scale of the sustainability ambition
level from the beginner to advanced or sophisticated level [61,72].

The tension of the sustainability ambition is also considered by specific actions or
principles adopted by the company, or the efforts invested leading to the sustainability
values. Researchers have paid attention to issues that form the sustainability ambition,
for example, the environmental and social responsibility applied in various business
processes, e.g., human resources management, sustainable jobs, sustainable performance
management, sustainable performance motivation system and other strategic issues in
the company [70,71]. Sustainability competences and ambitions are also required for the
creation and management of sustainable and resource-efficient production, the organization
of supply chains and logistics processes that comply with sustainable principles. The
green and pro-environmental behaviour of customers is also relevant as it encourages
entrepreneurs to focus on sustainable values and ambitions to create a positive social and
environmental impact [73]. Based on the literature review we have listed determining
aspects demonstrating the sustainable ambition and efforts in the company (see Figure 3).

The sustainable ambition and values are especially important for entrepreneurs, as in
a sustainable business model, economic values and profiting goals must be balanced with
social goals—to ensure a positive impact on the environment and society. The sustainability
ambition helps to understand and build such an individual and organisational balance
between economic and sustainable values. Every organization or a company affects the
environment through its activities implicitly or explicitly [74].
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Sustainable value creation does not appear just with ambition, it requires organisation
and allocation of reasonable and thoughtful decisions, the ability and a commitment to deal
with environmental and social issues as part of the value creation, namely the sustainability
strategy intended by the company [46].

Assuming the nature of incubated business start-ups, they are devoted to developing
minimum viable products, finding customer segments and appropriate value propositions,
testing and validating their business models, considering scale-up possibilities [75]. Ac-
cordingly, at the start-up level, the strategies are simple and easy to understand without
complicated organizational processes, and this also applies to sustainability strategies.
Start-ups are less bureaucratised and formalised with the implementation of strategies and
are much more open and dynamic to social and eco innovations, ready to experiment with
the most appropriate sustainable business models and revenue streams [76]. Depending
on the sustainability ambition and start-ups’ motivation to contribute positively to social
and environmental issues, start-ups can introduce different activities and approaches in the
company. Researchers suggest three sustainability strategies for start-ups [46,61]:

1. Compensate or reduce—while creating harmful and negative social or environmental
impacts in one area, contribute positively to the sustainability issues in another area.

2. Be sustainable—do not create negative social or environmental impacts, and purposely
organise business activities—production or delivery of services—in a sustainable way.

3. High level sustainable impact—a start-up invests efforts into solving broader environ-
mental or social issues, incorporating this ambition into the business model essence
and creating the sustainable value far beyond the company’s boundaries.

Previous researchers [61] suggest strategies that have been mentioned with a focus on
ecological issues, but it can be regarded to the wider sustainability context, also, assuming
societal or social issues. The first strategy, mentioned above, encounters minimisation of
negative environmental effects caused by the company. This means that a start-up may
have business activities, which negatively affect some social or environmental issues, but it
has sustainability concerns to minimise these effects or contribute positively to environment
and society in other areas. For instance, if a start-up produces cosmetic products in plastic
(polymer) packaging, it provides the customer with a packaging take-back option for
recycling purposes.

The second strategy aimed at business activities does not create any harmful im-
pacts on the environment or society. For instance, the start-up may design a product
with a biodegradable packaging, apply sustainability criteria in the supply chain when
selecting the suppliers, and also provide instructions to customers on proper disposal of
the packaging.
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The third-most advanced sustainability strategy envisages the creation of more en-
vironmental and social benefits than a start-up gains from socio-economic and natural
eco-systems. For instance, the start-up decides to solve the problem of a huge number of
end-of-life tyres becoming waste. Thus, a start-up develops new technologies for the tyre
upcycling and introduces innovative recycled rubber-based products in the market [59].

2.4. The OI Approach and the Sustainability Dimensions within the Business Incubation

The literature review leads to the following trends in the recent development of
business incubators and incubated start-ups:

1. OI inbound and outbound practices are beneficial and meaningfully utilised by in-
cubated start-ups, and are mainly performed in the following ways: (a) customer
involvement in innovation and co-creation of the value [77,78]; (b) external net-
working [78–81]; (c) knowledge exploitation and provision [82–84]; (d) idea manage-
ment [85–87];

2. Globalization and internationalization facilitated by OI strategies, activities, actors
and artefacts [88–91];

3. Start-up performance such as competitive ability [92,93] and innovative performance [94,95];
4. Start-up sustainability orientation [96–99], planetary boundaries [61,68], sustain-

able strategy [61], sustainable ambition [61,72] and sustainable or shared value
creation [10,42,61,100,101];

5. Sustainability and sustainable value creation promoted through OI [7,25,102], par-
ticularly that recently promoted by the green course of the EU agenda [103] and
Sustainable Development Goals globally [104,105].

The sustainability perspective and OI approaches allows the internal boundaries of
business incubators to be expanded. Business incubators surrounded by other stakeholders
within the innovation and entrepreneurial ecosystem may act as the facilitators or mediators
for start-ups in sustainable value creation. The incubators have appropriate structure and
capabilities to interact with other stakeholders within the entrepreneurial ecosystem and
thus the ability to expand its facilitator roles [20].

Based on these findings there are three research dimensions and related theoretical
concepts defined:

1. The OI approach in business incubation such as OI inbound and outbound practices,
OI challenges and benefits;

2. Start-up sustainability orientation, mainly the sustainability strategy and an ambition,
planetary boundaries, sustainable business models and value creation, particularly a
deeper analysis of technology-driven sustainable value creation;

3. Start-up performances, such as competitiveness and innovation, as well as the incu-
bators’ services, are complementary as they contribute to the adoption of the OI and
sustainability approaches.

Based on these dimensions we have created a theoretical conceptual model (Figure 3)
and a structure of the survey to explore and compare the discourse of the scholars with
the practices.

3. Methodology

This pilot study is examining the case of Latvia, particularly business incubators
operated by the Latvia Investment and Development Agency. Mixed methods were used
according to the overall methodological framework (see Figure 4). The research methods
applied—the literature review, semi-structured interviews and a pilot survey in Latvia In-
vestment and Development Agency (LIDA) business incubators of the Business Incubation
programme funded by EU structural funds.
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The focus of the literature review was on the latest trends in business incubation,
particularly the OI approach in business incubation such as OI inbound and outbound
practices, OI challenges and benefits; start-up performance such as competitiveness, innova-
tion; start-up sustainability orientation, strategy, ambition, planetary boundaries, business
modelling and value creation, particularly the deeper analysis of the technology-driven
sustainable value creation [13]. Further details about the search criteria and bibliometric
data sets are described within Section 2 of this article.

Semi-structured interviews with national and international business incubation and
innovation experts were organised. The interviews were organized in two rounds, first a
total of 18 incubator management representatives were interviewed, then 15 interviews
were organized with business incubation and innovation experts. The first round of
interviews was organised in 2018 and 2019. The second round of interviews were organised
during 2020 and 2021. The interviews were conducted by phone, video call or physically
meeting the interviewee. These interviews lasted from 40 to 90 min. The transcripts were
prepared for each interview, they were coded and anonymously analysed.

During the first round of interviewees, the management representatives of various
incubators were approached for interviews. Interview questions were related to the exist-
ing challenges, development trends and topicalities in the business incubators, potential
improvement of incubation services, and the importance of OI and the sustainability issues.
A detailed list of questions is attached in Appendix A (see Table A1). In the second round,
when interviewing experts, the questions were more focused on the OI ecosystem and
the incubator’s role in it, including the aspect of creating sustainable value. Since 2016
there have been 12 business incubators operated by LIDA and funded by public financing
(EU and government funding). Eleven of them are regional incubators located throughout
development centres of Latvia and some of them have branch units (in total 9) in less popu-
lated areas. These incubators do not specialize in specific industries and serve start-ups in a
wide range of industries. The Creative Industries Business Incubator operates in Riga, and
accordingly it provides support only to start-ups of creative industries. This limitation on
creative industries was set considering Riga, as the capital, is the most important economic
development driver of the whole of Latvia. These incubators provide incubation support
services to already established start-up companies and teams or individual authors of
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business ideas developing their business model [106]. The number of incubated start-ups
is dynamic and changing; during the pilot survey there were approximately 200 incu-
bated start-ups within all incubators of LIDA. These incubated start-ups were invited to
participate in the pilot on-line survey.

An online pilot survey of incubated start-ups (tenants of business incubators) was con-
ducted to collect the preliminary data and reveal conclusions on the statistical significance
of the determinants of sustainable value creation.

The pilot survey was based on the four dimensions (namely, OI, sustainability, BI
services, performance of incubated start-ups), and was piloted on the incubated start-ups
of business incubators operated by LIDA. The pilot survey has three parts labelled with
codes A, B and C. Each part contains closed-type questions with pre-defined answers.
Some of the questions have evaluation rubrics or rating scales. The structure of questions
of the survey is presented in Appendix A. The first part of the questionnaire is related to
the respondent profile and the start-up performance (see Table A2). The second part of
the survey indicates the type and frequency of business incubation services used by the
respondent (see Table A3). The third part of the survey assesses the intention of start-ups
to respect global ecological challenges (the planetary boundaries), sustainability attitudes
and sustainability strategies (see Table A4).

Survey scales and questions were developed based on the literature review and
findings of interviews. The questionnaire was discussed in the focus group discussion in
order to improve the understanding and clarity of key concepts, definitions and questions
included in the survey.

The survey validation was performed in January–February 2022 in cooperation with
the Business Incubation Department of the Investment and Development Agency of Latvia
(LIDA). The survey validation was carried out by Department core experts (2) and business
incubator management (4), as well as tenant teams (10); after this validation, the survey
questions were reformulated in a more explicit way to let tenants understand the meaning
of these questions. The survey was prepared in English and Latvian, but after consultations
with LIDA the survey was launched in Latvian to limit its length in order to receive tenant
replies. Respondents were introduced with the main concepts and definitions included in
the survey.

The pilot survey was launched online in the digital survey platform (https://new.
webropolsurveys.com), where the data collection started in February 2022. The survey
digital link was distributed to managers of twelve LIDA incubators in order to send
individual emails to all incubator tenants with the introduction of the survey. The first
round of survey data collection (February–March 2022) was affected by the start of the
war in Ukraine on 24 February 2022. Tenants explained to business incubator managers
that they were not willing to fill in such a long survey at this time. The second attempt to
reach potential respondents was carried out at the end of March–May 2022. In April 2022, a
postdoctoral researcher conducted specially-designed online training seminars for tenants
and the incubator management, and during this training, the survey was promoted to
potential respondents. After these seminars the tenants’ replies were received. For the pilot
survey, 48 valid fulfilled questionnaires of respondents were collected, which represents
approximately 24% of all tenants. These completed questionnaires were processed through
the frequency and reliability analyses, and thus the internal consistency of questions and
measurement scales was tested.

We performed best practice analysis from the business incubators of two European
countries—Finland and Estonia. Finland is one of the more developed countries of Europe
and shows leadership positions in various measures of innovation performance. Moreover,
Finland was one of the first European countries that accepted the principles of green and
sustainable development, and has already shown for a longer period a great perception
and consciousness of sustainable values among society and entrepreneurs. The experience
and knowledge accumulated in Finland may reveal recommendations and findings that
can be relevant to other developed European countries and globally to improve national or

https://new.webropolsurveys.com
https://new.webropolsurveys.com
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regional entrepreneurial and start-up support ecosystems towards new OI approaches and
sustainability practices.

Estonia is one of the post-soviet and eastern European countries recently showing
great results in facilitating the creation of globally recognized start-ups and “unicorns”.
This country has shown remarkably rapid development progress, especially in the last
ten years following the deep economic recession. Various successful initiatives have been
developed in this country to stimulate the creation and scale-up of new ventures and this
has been recognized with national pride, which has in turn also increased the interest of
foreign investors. The example of Estonia can be useful for any eastern European country
wishing to increase innovation and start-up performance.

Due to the specific nature of this study, it should also be emphasized that Latvia
borders the two countries Estonia (having an inland border) and Finland (having a sea
border). It is essential to understand what good practices can be learned from these
neighbouring countries, assuming that these countries have a relatively common cultural
and historical background, and other factors that would encourage the adoption of these
good practices within Latvia.

This research was an integral part of the larger research carried out within the postdoc-
toral project (January 2020–June 2022) focusing on the business incubation through open
innovation approach [107].

The methodological framework was designed in a way to ensure the internal va-
lidity, the construct validity, the external validity and the reliability of this research (see
Table 1) [108,109].

Table 1. The internal validity, the construct validity, the external validity and the reliability of this
research (source: the authors).

Internal
validity

The research framework was designed based on the literature review exploring key
concepts, describing previously identified relationships between variables and
constructing the theoretical conceptual model. The main highlights from previous
research were compared and analysed in the context of the business incubators of
LIDA and incubated start-ups. Though the theory triangulation we conceptualised
main gaps and issues of this research, specified key theoretical concepts and
interpreted them in relation to the results.

Construct
validity

This research framework followed the data triangulation principles. There were
clear and precise guidelines developed for the semi-structured interviews. The
interview questions were defined based on the literature review. Authors of this
study performed original interviews by phone, Zoom or in written form and
prepared transcripts for all interviews. Transcripts were reviewed by the
consultative group of other academics (see Acknowledgments of this Article).
The survey questions were defined based on the literature review and interviews.
Survey questions were tested and validated before launching the pilot survey. The
results and their interpretation were discussed within focus group discussions.

External
validity

The pilot survey was conducted in business incubators of LIDA, which represent
publicly-funded business incubators and the largest population of incubated
start-ups in Latvia since 2011. This provides a clear justification for selection of
LIDA’s incubators for the pilot study in Latvia. The respondents of the pilot survey
were incubated start-ups receiving incubation services (located in incubators) during
the pilot study.
The number of valid answers obtained in the pilot survey is not statistically
significant (n = 48), but it covers the convenient part (24%) of all incubated tenants.
In order to generalize the data, validate results and conclusions obtained in the pilot
survey, semi-structured interviews and focus group discussions were conducted. In
total 33 semi-structured interviews were conducted interviewing 18 incubator
managers and 15 experts. A variety of experts invited to interviews ensured
different perspectives and opinions about the research questions.
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Table 1. Cont.

Reliability

The pilot study was conducted assuming the transparency and replication in all
steps and research methods.
All interview guidelines have been developed and discussed with other scholars
and are available for other future studies. Survey questions are tested with experts
and discussed in focus group discussions, also, presented in Appendix A of this
Article. Throughout the study the anonymity of informants, their answers, opinions,
and other personal data were ensured.
The methodological framework of the research included the study of foreign cases
(from Finland and Estonia), which validates the replication of both—research
instruments and results of this research.

4. Results and Discussion
4.1. Preliminary Results of the Pilot Survey of Incubated Start-Ups

At the pilot study the data of collected responses were processed. The frequency
analyses were carried out to evaluate the respondents practice or existing experience in
introducing technological, organizational, or social innovations that lead to the sustainable
value creation.

In the pilot survey, the respondents were given the choice to indicate whether and
what type of innovation they had introduced—technological, organizational, or social
(see Figure 1). For each type of innovation, respondents could indicate “yes” or “no”,
which also means that one respondent with could choose several types of innovation (“yes”
answers) as previously implemented. The pilot survey results show that half of incubated
start-ups have been dealing with the technological innovations leading to the sustainable
value creation. Less than a half (43.70%) experienced organisational innovations leading to
the sustainable value creation (see Table 2). The lowest number of respondents (27.10%)
acknowledged socially-driven innovations.

Table 2. Orientation or drivers of the sustainable value creation of respondents, percentage of
respondents’ answers (n = 48) (source: authors’ calculation).

Orientation of the Sustainable Value Creation YES NO

Technology-driven value creation 50% 50%

Organizationally-driven value creation 43.70% 56.30%

Socially-driven value creation 27.10% 72.90%

This division of answers needs to be reassessed and reconsidered after conducting the
national survey and obtaining larger sample of responses. Furthermore, after the focus
group discussion it was concluded that the division of the orientation or drivers of the sus-
tainable value creation should be reconsidered in the national study. Experts acknowledged
the technology-driven sustainable value creation, as most clear and represented among
incubated start-ups. The focus group discussion suggested the need to revisit the socially-
driven value creation as it is overlapping with both other types and generally is misleading
in the context of the sustainable value creation as the sustainable value encounters positive
environmental and social impacts.

Experts of the focus group discussion suggested the possibility to expand this study
from business incubators to other accelerator support programmes, like, clusters. This
would reflect more significant statistical results, especially regarding the organisationally-
driven sustainable value creation. It was concluded that start-ups are more oriented towards
launching their business, validating the business model, and testing the minimum viable
product, and less towards considering potential organisational improvements leading to the
sustainable value creation. Organisational improvements and innovations are more topical
to scale-up and growth companies, and existing businesses that are gradually adopting
sustainable business practices.
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Interviews have proved the opinion that business incubators attract technological
start-ups and therefore their larger representation is reasonable. However, experts admit-
ted that previously eco-innovations and other innovations addressing the environmental
sustainability were less relevant. Their relevance has significantly increased in the last
two years, along with more active promotion of the European Green Deal strategy and
the potential focus of the EU support. At the same time, the COVID pandemic marked
a rapid development of social innovations and, accordingly, an interest in the socially-
driven sustainable value creation in start-ups. This was facilitated by various ideation
activities facilitated within and outside incubators, such as hackathons, innovation labs
and others that use OI approaches. The COVID pandemic acted as a trigger, initiating a
series of social problems in society, and start-ups offered solutions integrating them into the
profitable business models, thus, successfully demonstrating the principles of the shared
value creation.

In the focus group discussion, it was recognized that the war in Ukraine caused
not only a reluctant attitude of potential respondents to fill out the questionnaire, but
in general caused a significant reassessment of attitudes and behaviour in the business
environment. In the war situation, the business community and start-ups reassessed
their social responsibility. Values such as resilience, social justice and safety gained an
increasingly important role. In such a situation start-ups were also looking for solutions on
how to provide support and help, considering it more as a social mission, and not expecting
economic gains in return, but rather personal and global safety.

There were two control variables used within this preliminary study. One variable
was related to the development stage of start-ups: an idea; the minimum viable product
developed; an active business or sales development (see Table 3). This variable may
provide the conclusions regarding the relationship between the start-up performance and
the sustainable value creation.

Table 3. The stage of development of respondents—incubated start-ups, percentage of respondents
(n = 48) (source: authors’ calculation).

No %

Just an idea 2 4.2%

Minimum viable product 26 54.1%

Active action or sales 20 41.7%

The preliminary results show that most incubated start-ups have developed and are
testing the minimum viable product. This means they have managed to find the most
appropriate technologies for developing the product and now are targeting first customer
segments. In this stage, there should be a strong ambition to create sustainable value, but
the appropriate sustainability strategy is still being found through experimentation [101].

The other control variable was related to the location of the start-up during the incuba-
tion (see Table 4) and respondents indicated one of three answers—on-site at the incubator’s
premises; virtual incubation; and combined both virtual and physical incubation. The
answers to this question were affected by the restrictions of the COVID pandemic with
remote work. However, the literature review also reveals that the importance of premises
in business incubation is decreasing, while the importance of remote or virtual incubation
services is increasing [13].

There are three independent variables used that have been adapted from Kuckertz
et al. [61]. The sources, an interpretation and the measure of each variable were adjusted
according to the latest studies of other scholars and assuming the specific nature of start-
ups. Three main variables have been used in this preliminary study: sustainability strategy;
sustainability ambition; and planetary boundaries. The table of the descriptive statistics is
attached in Appendix A (see Table A5).
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Table 4. The location of respondents at the time of incubation, percentage of respondents (n = 48)
(source: authors’ calculation).

No %

On-site at the incubator’s
premises 0 0%

Virtual incubation 9 18.7%

Combined—virtual and
face-to-face 39 81.3%

Planetary boundaries mean the intention of start-ups to respect the global ecological
challenges and introduce solutions to these environmental problems within the value chain
of a business model that aims to create a sustainable value. The planetary boundaries
are the first set of independent variables used within the statistical data analyses. In the
survey, respondents were asked to indicate their experience to make a positive impact to a
predefined list of environmental issues. Respondents indicated “yes” in response to those
global ecological challenges they were addressing within their business model and with
“no” to the ones that were not important in the value chain. Therefore, this variable has
been set as the binary variable, just with two values “yes” and “no”.

Table 5 demonstrates the descriptive statistics regarding the planetary boundaries.
There are no substantially high factors of the planetary boundaries. Climate change is one
of most significant factors indicated by 45.8% of respondents. The rest of the factors are
comparatively low and varies approximately in between 2 to 10%. Thus, climate change
has been used further to test the relationship between climate change and the sustainable
value creation. Previously researchers have discovered that just 37% of ecological start-ups
address such global challenges composed as the planetary boundaries [62]. Although this
is just a pilot survey, these preliminary results may indicate an increase in intention of
start-ups to address global environmental challenges. Their focus may slowly shift from
local and internal environmental issues to global, covering a wider area and impacting
a larger part of society. In a previous study, researchers focused narrowly on ecological
start-ups [61]. However, the concept and an interpretation of an ecological start-up can
be misleading and should be revisited, as currently there is an increasing discussion and
perception by society, practitioners, and researchers about the need to develop sustainable
and green business models as part of any company. The preliminary results of our study
may support the argument that more companies that are not natively ecological, and even
those that could be deemed as beginners in regard to sustainability ambition, consider
climate change as the leading future issue of their sustainable business models.

The sustainability ambition is the variable with the measurement scale where respon-
dents provided their self-assessment about their intention to address the sustainability
issues or the value orientation to incorporate the environmental and social value creation
within their business model. The measurement scale shows the level of the sustainability
ambition in a scale from one to four, where one is the lowest or beginner level and four
is the highest or an expert level. As such, 79.9% of respondents indicate the beginner
(lowest) level for their start-up in the sustainability ambition, 12.5% consider the basic
level, 6.2%—sufficient and, only, 2.1%—an expert level. As this self-assessment depends
on the subjective opinion of the respondents about themselves, there was an additional
control-question introduced within the survey providing a predefined list of factors and re-
spondents could rank the importance of these factors. Respondents ranked the importance
of each factor within a scale from one to five (where one—not important and five—very
important). Previous researchers [61] have limited this ambition mostly to ecological issues
and the creation of a positive impact on the environment. Yet, social issues and a positive
impact on society are also important in the context of the sustainable value creation and
this perspective was expanded in this survey compared to previous studies.
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Table 5. Indicate whether your company has specific actions in place to address the following
environmental issues (n = 48) (source: authors’ calculation).

YES, % Average Median

Climate change 45.8% 1.5 2.0

Biodiversity loss 10.4% 1.9 2.0

Ocean (water) acidification 4.2% 2.0 2.0

Exhaustion of atmospheric ozone 4.2% 2.0 2.0

Global freshwater consumption 2.1% 2.0 2.0

Agricultural land use change 10.4% 1.9 2.0

Nitrogen and phosphorus production 4.2% 2.0 2.0

Atmospheric pollution load 8.3% 1.9 2.0

Chemical pollution 6.2% 1.9 2.0

As described before, there are three types of sustainability strategies, and respondents
indicated which sustainability strategy applies in the company (compensate or reduce;
be sustainable; high level sustainable impact). Table 6 indicates the descriptive statistics
on the answers of respondents regarding this variable. The preliminary results show that
most of the respondents assume neutral strategy and considerably less consider pro-active
strategies towards the creation of a positive social or environmental impact. These results
lead to some contradictions with the planetary boundary factors, where a larger part has
indicated the consciousness towards climate change. These inconsistencies may indicate
that start-ups are motivated and considering the sustainable value creation but lack practical
tools, approaches, and strategies for the sustainable value creation. This indicates further
room for the support necessary from such intermediating bodies as business incubators.

Table 6. Which sustainability strategy does your company use? (n = 48) (source: authors’ calculation).

n Average, %

Compensating for harmful actions in one area by
doing good in another 13 27.1%

Be sustainable without harming the
environment or society 24 50.0%

Be sustainable by rethinking all actions to promote
positive environmental or social impacts far

beyond the company
11 22.9%

In regard to this question, an additional control question was introduced in the survey
providing a list of sustainability principles and requiring assessment to what extent (from
zero—never to three—often) these principles are adapted in the start-up company.

As regards the dependent variable—the sustainable value creation—respondents
were asked to indicate to what extent does their company implement the principles of the
sustainable value creation as a part of their business model (one—not implemented and
five—fully implemented).

The logistic regression analyses is the next stage in the statistical data analyses. The
logistic regression analyses results show that technology-driven sustainable value creation
is significantly influenced by the planetary boundary related to climate change (B = 1.16,
p ≤ 0.10) and sustainability ambition (B = −1.72, p ≤ 0.10) (see Table 7). The sustainability
ambition variable is negative, but the planetary boundary (climate change) is positive. The
sustainability strategy variable is close to zero, which means no significant influence on the
sustainable value creation.
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Table 7. Summary of results on the determinants of technology-driven sustainable value creation
(source: authors’ calculation).

Variables B E.S Wald ddl Sig. Exp(B)

Control Variable
The stage of development of your

business when starting an
incubation or receiving

business support

0.927 0.700 1.754 1 0.185 2.526

Control Variable
Please indicate your location at

the time of incubation
0.208 1.017 0.042 1 0.838 1.231

Sustainability strategy −0.020 0.493 0.002 1 0.968 0.980

Sustainability ambition −1.728 0.922 3.513 1 0.061 0.178

Planetary Boundary
(climate change) 1.164 0.698 2.781 1 0.095 3.202

Constant −2.391 3.689 0.420 1 0.517 0.091

Preliminary results demonstrate that the most significant factor of the planetary bound-
aries is climate change, and that positively stimulates the technology-driven sustainable
value creation. The further necessity to address the green transition issues has been recently
identified as an important tool for further development of start-ups and post COVID-19
recovery of the whole entrepreneurial ecosystem [4].

Indeed, the climate change invites start-ups to engage in various technical experiments
that serve, for example, to test new standards in a specific sector [110]. Furthermore,
a significant level of sustainable technology-driven value creation is needed to deploy
technologies needed to achieve climate change mitigation goals. For example, several start-
ups in energy efficiency, waste management, and organic agriculture have already been
recognized for their potential to contribute to climate change mitigation and adaptation,
while addressing other environmental and social issues [111].

These results are also confirmed by the opinions of experts and the findings of the
focus group discussion, that the current risk of energy restrictions caused by the war in
Ukraine will further trigger technologically-driven innovations leading to energy efficiency
and, thus, to a positive impact on the environment.

The correlation matrix between main variables is presented in Appendix A (see
Table A6). The sustainability ambition shows statistically significant correlations. Interest-
ingly, sustainability ambition has a negative impact on technology-driven sustainable value
creation, in contrast to the previous literature showing a positive effect of this variable [61].
This result could be explained from different angles. As shown in the correlation matrix
(see Appendix A), sustainability ambition is positively associated with the incubation stage
and negatively associated with the location of the business incubators where tenants are
held. The more mature the start-ups are in their stage of evolution, the more sustainability
ambition they possess. The day-to-day business management concerns of start-ups may
be more related to the creation, testing and scale-up of their business model, and less to
specific goals and ambitions to address sustainability challenges. This may indicate that
start-ups have not yet reached the maturity to perceive the sustainable value creation as a
shared value within the business model. This also echoes the descriptive statistics indicated
above, where start-ups prefer the neutral sustainability strategy and rather than taking
proactive actions to create a wider positive impact.

Sustainability ambition is the first step in realizing technology-driven sustainable
value creation. If the start-up is aware of sustainable values, it accordingly searches for
the most appropriate ways to implement these values in the business model and the
value creation. As the literature analysis reveals, the implementation of sustainability
principles are often directly related to technological innovations [61]. Therefore, it is
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possible that business incubators can facilitate the sustainable value creation by showing
positive examples, practices and approaches, how to integrate the sustainable value creation
in the production or service provision process. It will promote the start-up’s understanding
that sustainable value creation is part of the business model and the overall technological
process. These preliminary results indicate that start-ups design their value creation
process as in the traditional business model oriented to create an economic value [61]. In
this respect the role of a business incubator is to provide knowledge to start-ups on the
creation of new business models, assuming the creation of social and environmental impact.
In addition, in order to create such an impact and create sustainable value, cooperation
and an OI approach are needed, as foreseen by multi-stakeholder collaboration and the
value creation assuming the needs of various stakeholders. However, the location of
start-ups within incubators (physical or virtual) is negatively related to sustainability
ambition, meaning that when tenants are retained in incubators where they do not have
sufficient support, it negatively influences their sustainability ambition, which ultimately
negatively influences technology-based sustainable value creation. These results require
further investigation and reconsideration in the national study. The results may indicate
that internal sustainability concerns create sustainability ambitions within start-ups. It is a
matter of inner consciousness and personal values, where factors such as the sustainability
awareness and education play a more significant role than the physical environment and
support of business incubators.

Assuming a close relationship between the OI approaches and the sustainable value
creation, this indicates the need for business incubators to think about the development of
services in the pre-incubation stage that strengthens the awareness and ambitions of the
sustainability during definition and development of the business idea. This sustainable
ambition is dependent on business support received by the start-up, which is different
depending on the location of the incubator [111].

Start-ups are developing their own responses to sustainable change, in the form of
localised schemes tailored to the local context [112]. High sustainability ambition increases
the likelihood that technology-driven innovations will lead to the sustainable value creation.
However, it must be recognized that for the development of such innovations it is essential
to strengthen the technological capacity of start-ups [61]. In this sense, it is essential to use
OI approaches to create a system or a framework for attracting external resources for the
development of technological innovations from universities and research centres, as well as
for testing these technologies, for example, in the so-called sandboxes, which are currently
successfully used by fintech start-ups in Latvia. The preliminary results prove the existing
challenges in using OI approaches in start-ups and business incubators, particularly in
facilitating the technological competences and innovation dynamic capabilities, as well as
the networking and collaboration abilities. This is an important future role for the business
incubators to facilitate not just innovation and technological capabilities but contributing
to the sustainable value creation in incubated start-ups.

The existing data set allowed a logistic regression model analysis to be conducted.
Preliminary results of the descriptive statistics and correlation matrix are presented in
Appendix A (Tables A5–A8). In relation to the research instruments applied, these results
prove the consistency of the questions, measurement scale and can be further used in
the national survey. The logistic regression analyses conducted can be expanded when
collecting the statistically significant number of valid responses in the national survey.
Furthermore, the results of the national study should be validated and supported by
several robustness tests, such as, ROC curve, tolerance and other [113].

4.2. Opportunities of Business Incubation through OI and Sustainability Perspectives

Regarding the division of the scales of sustainable value creation—technologically-driven,
organisationally-driven and socially-driven, as proposed by the previous research [55,61], our
research instruments and a piloting survey prove that these scales need to be revisited.
While at the beginning it was considered that start-ups had limited ambition and ability
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to introduce the holistic innovations [52], the systemic and ecosystem innovations [54],
incubated start-ups facilitated by incubators may have a higher ambition and ability to also
introduce radical and systemic innovations, both on a micro business level as well as on a
macro regional, country or global level.

These findings are in line with the opinion of other scholars on the increasing role
of business incubators within the facilitation of the sustainable transition and engaging
start-ups to the sustainable value creation, and this creates the need to review the functions
of the business incubator and the types of support for the tenants [114].

Likewise, the specialisation of business incubators could be important in the future,
highlighting the role of the business incubator as a sustainability facilitator in the business
start-up and sustainable innovation ecosystems. Other researchers have also expressed an
opinion about the necessity of the sustainability specialisation of business incubators [115].

This specialisation of the incubators requires better acknowledgment and further
classification of the incubated start-ups, depending on the sustainability ambition and the
strategy. There is a need to distinguish two types of business start-ups. One group of
incubated start-ups are “native sustainable value creators” that implement the sustainability
principles and assume the sustainable value creation as the part of their business model
since their establishment. The second group of incubated start-ups may include late
adopters of the sustainability principles. These start-ups begin their business according
to the principles of the linear economy, but gradually change their business model and
integrate sustainable value creation (see Figure 5). This is consistent with the opinion of
some scholars about the division of companies depending on their values and needs to
create a positive contribution to the environment [116].
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Involving different parties is essential in creating sustainable value to have a positive
impact on the social and environmental dimensions [117].

Porter has previously conceptually defined the basic idea of the value chain in terms of
creating a value proposition for the customer. Accordingly, the value chain mainly includes
raw material producers, suppliers, producers, service providers involved in value creation
and delivery to the customer [117,118]. In turn, the sustainable or shared value creation, due
to its multidimensional nature, requires cooperation between various stakeholders, which
not only represent the interests of the business-to-business or business-to-customer, but may
include relationship and collaboration outside the value chain, for instance, between public
authorities, non-governmental organizations and communities, education and research
institutions, financial institutions, and support providers [26].

In the context of creating a sustainable value, researchers highlight the need for col-
laboration within the ecosystem [119–121]. The conceptual idea of an ecosystem resonates
with the OI [122].
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There is an identified need to combine the OI and a sustainable value creation concept,
explaining how the innovation ecosystem and sustainable value creation ecosystems are
linked. Researchers [123] have confirmed this issue, highlighting that such an integrated
view of two ecosystems would give practitioners and policy makers a much broader under-
standing of how to design a model for cooperation, the facilitation and management of the
collaboration within the ecosystem, as well as developing multi-stakeholder engagement
strategies to address the sustainability issues.

The ecosystem is characterized by the involvement of different parties, complex
and diverse interrelationships [120,123]; it is necessary to promote dynamic and active
cooperation [123], openness to cooperation and willingness to cooperate [123] and self-
directed management and organisation [123].

To meet these conditions, researchers are proposing a Quadruplex Helix innovation
collaboration model that defines the types of stakeholders involved—business, educa-
tion and research institutions, the state and society [25,31], also, named as helices [124],
and their interactions in the innovation and sustainable development process within the
ecosystem [30].

Scholars state that a Quadruplex Helix cooperation model is constructed from a
combination of the National Innovation ecosystem and a Triple Helix (as a predecessor of
a Quadruplex Helix), putting larger accents on the value of the social capital due to the
involvement of society or people as a fourth element within the Quadruplex Helix [30].

Relations between different stakeholders or helices are not regular and linear but
appear to be more eventual and asymmetric [124]. Moreover, each helix has different
expectations or enablers [31] that drive and motivate them to participate in the Quadruplex
Helix cooperation [124]. The Quadruplex Helix collaboration model (see Figure 6) is the
framework for moving towards shared sustainability values, which means that involved
stakeholders create value and benefits for themselves and for other society members or
other helices [29].
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Previous studies have focused on the analyses of the collaboration within the en-
trepreneurial ecosystem and define precise types of actors within the Quadruplex Helix
collaboration model [6,125]. We propose that within this Quadruplex Helix cooperation
model the business incubators can act as the hybrid intermediary organisation that inte-
grates and engages the collaboration of different stakeholders, in order to supervise and



J. Open Innov. Technol. Mark. Complex. 2022, 8, 162 23 of 33

facilitate the sustainable value co-creation of incubated new ventures [29,126]. We also
propose that the OI approach and sustainable value creation are closely related to each other
as three important factors apply—collaboration, knowledge/resource-sharing to innovate
(also understood as the OI), and idea management. The Quadruplex Helix provides the OI
direction for all involved stakeholders to create sustainable values, although each involved
stakeholders may have their own specific needs regarding sustainable value creation. The
Quadruplex Helix collaboration framework provides a common ecosystem and the critical
mass for achieving sustainability aims and implementing the sustainability strategies.

5. Conclusions and Suggestions
5.1. Theoretical and Practical Implications

The research has implications for theory and practice. The results contribute to the
sustainability literature and come with an explanation of the determinants of the creation
of technology-driven sustainable value by start-ups, as suggested by Kuckertz et al. [61].
Moreover, the empirical contribution was present by an investigation into incubators
in Latvia, a catching-up country that needs to intensify its sustainability processes and
align with the strategies of developed countries [15]. These findings also contribute to
recently-growing practices and the relatively new research area about the circular, green or
sustainability oriented–business incubators [8].

These results could help policymakers, incubator managers, and tenants understand
the importance of developing the determinants of sustainable technology-based value
creation, particularly the ambition for sustainability that may evolve with the incubation
phase, but also the importance of business support that differs from place to place and, if
not appropriate, can negatively influence technology-driven sustainable value creation.

Incubator managers should draw attention to the incubation services and activities that
engage technology-driven start-ups in the creation of sustainable value and promote their
sustainable ambition. Technology-driven start-ups have to acknowledge new opportunities
of value capturing and scaling by the application of sustainability strategies and sustainable
principles in their business management.

The research results show a higher interest in the climate change factor of the planetary
boundaries, which shows that start-ups have thought about positive environmental impact.
However, in daily business practice, the start-up prefers a neutral sustainability strategy,
mainly avoiding the creation of a negative social and environmental impact. Incubated start-
ups largely consider themselves in the position of beginners regarding the implementation
of the sustainability ambition in the company. This may highlight a preference for a
traditional business model approach applied by start-ups, focusing mainly on the economic
value (profit) creation, rather than on the creation of sustainable value, where economic,
social and environmental values are balanced.

This research proposes the pedagogical implications. Key findings and the research
methodology applied is suitable to be presented, applied, and further explored in higher ed-
ucation institutions for the study courses on the innovation, entrepreneurship and research
methods in the business, as well as in the executive management educational process.

5.2. Limitations and a Further Research Agenda

This research does not cover the practical and legal aspects of the collaboration forms
in the OI process and sustainable value creation. The complexity of the collaboration
between business and the public sector also involves research institutions and society as
customers or users require new specifications for legal cooperation forms, resource sharing
and division of responsibilities. This is an important aspect for future research.

This empirical research was performed in Latvia, exploring tenants of the business
incubator operated by LIDA, which is funded by the government and European Structural
Funds. The results of this study can be adapted for university business incubators and for
privately-funded ones, in the research methodology assuming the specific requisites of the
private funding source and ownership requirements of such business incubators.
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This research does not explore in detail the strategies implemented by the incubators,
but findings of this study suggest to the management of incubators further necessity to
revise and renew incubator’s strategies welcoming the introduction of the OI and the
sustainability approaches.

This study is initially limited by the fact that data collection is still ongoing, and
a limited amount of data was collected. The limitations of this study arise from the
limited number of respondents participating in the survey. The goal is to continue the
collection, strengthen analyses, and present further results regarding this ongoing investi-
gation. Despite these limitations, these preliminary results not only show the importance
of technology-driven sustainable value creation for start-ups, but also its determinants. In
spite of our huge efforts to stimulate incubated start-ups to complete the questionnaire, it
was difficult to reach them, and the circumstances with the war in Ukraine and COVID
limitations discouraged them. In a more stable situation there would be a more favourable
potential to reach larger number of respondents leading to higher statistical significance. In
the further operation and management of business incubators of Latvia, LIDA can consider
expansion of the reporting data provided regularly by incubated start-ups and incubation
managers. This will put legal bindings for incubated start-ups to report data. Then LIDA,
together with scholars, may analyse the interdependencies and the statistical relationship
on the performance of incubated start-ups in regard to the OI and sustainability issues. This
approach can also be applied in other countries having a network of incubators supported
by public or EU funding.

Our research is limited to measuring the existing situation. In this respect, the regular
and sequencing data collection in the longer period would be essential to observe possible
changes in the strategies, ambitious and sustainable value creation practices by start-ups
during their incubation and within the post-incubation period.

In order to generalize the results of this study to start-ups in business incubators of
other countries, it is necessary to conduct additional research in the respective country. This
article proposes and verifies the methodological framework that can further be adapted
accordingly for conducting such studies and surveys in other countries to analyse key
factors of the technology-driven sustainable value creation in start-ups within and outside
of business incubators. Furthermore, other factors can be considered as influencing or
moderating to the causal relationships, such as the type of incubation services used by
tenants, the scale-up and internationalisation ambition, the general attitude and openness
to sharing of resources and knowledge, and industry, etc.

Despite its limitations, this article provides a valuable contribution to conceptualising
and creating new knowledge regarding the Quadruplex Helix cooperation model, the OI
approach, and the sustainability issues in the context of business incubators. This research
proves that these dimensions are important priorities to be adopted in the strategies and
daily management practices by incubator managers and incubated start-ups.
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Appendix A

Table A1. Questions of the interviews of the incubation managers.

Code Questions Types of Responses

IQ1 Represented institution Open

IQ2 Incubator type Closed: Public, University,
Private, Other

IQ3 What are the current trends and actualities in
business incubators? Open

IQ4 What do you see as future possibilities for improving the
work of the incubator? Open

IQ5
What different/new services would you like to introduce
and what would you like to change in the operation of
business incubators?

Open

IQ6 How do you think it would be possible to manage the
incubator more conveniently/accessible? Open

How are state, university and industry/private business
incubators different? Open

IQ7 Do the incubated companies sufficiently use the networking
services provided by the incubators? Open

IQ8 How important is the creation of sustainable values for
incubated companies? Open

IQ9 How important is the role of the incubator in the creation of
sustainable values in the incubated companies? Open

IQ10 How important is physical presence in the incubator when
receiving incubation service offering? Open

IQ11 What most incubated companies expect from
business incubators? Open

IQ12 What difficulties do you think the incubated companies face
when they leave the incubator? Open

IQ13 What are the performance indicators of the incubation
program and how are they measured in your incubator? Open

IQ14 What is your understanding of open innovation approach,
how you can use it in the work of the incubator? Open

biorganik3@gmail.com
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Table A2. The respondents’ profile and the start-up performance (survey).

Code Questions Type of Responses

A-SQ1
Number of founders of a
start-up company/start-up
idea team?

(1) Less than 5; (2) 5–9; (3) 10–24; (4) 25–49; (5) 50–99;
(6) 100–249; (7) 250–499; (8) 500+

A-SQ2
How long you have spent in
the incubator (used
incubator’s services)?

(1) Up to 1 year; (2) 1–2 years; (3) 2–3 years;
(4) 3–4 years; (5) 5 and more years

A-SQ3 The stage of development of
your business?

(1) Idea; (2) Minimum viable product developed;
(3) Active action/business or sales development

A-SQ4 Location during the
incubation?

(1) On-site at the incubator’s premises; (2) Virtual
incubation; (3) Combined—virtual and face-to-face

A-SQ5 By commercializing your
innovation, you (YES/NO)?

(1) Sell patent licenses or know-how; (2) Use
cooperation and sales agreements; (3) Collaborate to
create new joint ventures or research companies;
(4) provide research and development services to
organizations and government agencies; (5) you
perform external networking and cooperation with
external participants (suppliers, customers, research
institutions, competitors); (6) make your unused
innovations available to others for free (for free),
(7) actively participate in innovation projects of other
parties; (8) use the knowledge and initiatives of your
employees who are not directly involved in research
and development

Table A3. The use of the incubator’s services (survey).

Code Questions Responses

B-SQ1

To what extent have you used
the incubator’s sharing
services and facilities (0–3,
Scales: 0—Never,
1—sometimes, 3—often)?

(1) Secretariat; (2) Car parking; (3) Meeting rooms;
(4) Shared office facilities (printer, etc.);
(5) Co-creation room; (6) Private office;
(7) Registered legal address; (8) Mailbox option

B-SQ2

To what extent have you used
the incubator’s advisory
services and consultations
(0–3, Scales: 0—Never,
1—sometimes, 3—often)?

(1) Accounting advice; (2) Financial advice;
(3) Marketing consultation; (4) Engineering
consultation; (5) Fundraising; (6) Strategic and other
business development consultations; (7) Coaching;
(8) Mentoring; (9) Group training; (10) Seminars;
(11) Legal advice; (12) Consultation on intellectual
property rights (patent, etc.)

B-SQ3

To what extent have you used
access to capital provided by
the incubator (0–3, Scales:
0—Never, 1—sometimes,
3—often)?

(1) Network of business angels; (2) Venture capital;
(3) Seed capital; (4) Private financing (loans from
individuals); (5) EU and other public funds’ support;
(6) International accelerators; (7) Other

B-SQ4

To what extent have you used
specific services of LIDA (0–3,
Scales: 0—Never,
1—sometimes, 3—often) ?

Closed with rating of scales from 0 to 3 (0—Never,
1—sometimes, 3—often): (1) Initial evaluation of a
business idea; (2) 3-days business school; (3) “PINK”
school to improve business ideas; (4) Experience
stories and visits of experienced entrepreneurs;
(5) Member of young entrepreneurs’ community
in LV



J. Open Innov. Technol. Mark. Complex. 2022, 8, 162 27 of 33

Table A4. The intention to create a positive impact to the planetary boundaries, the sustainability
ambition, and the sustainability strategies (survey).

Code Questions Responses

C-SQ1

Please indicate (yes/no)
whether your business is in

line with any of the following
types of sustainable

value creation

(1) Technology-driven sustainable value creation;
(2) Socially driven value creation; (3) Organizational
value creation

C-SQ2

Indicate (yes/no) whether
your company has specific

actions in place to
address following

environmental issues

(1) Climate change; (2) Biodiversity loss; (3) Ocean
(water) acidification; (4) Exhaustion of atmospheric
ozone; (5) Global freshwater consumption;
(6) Agricultural land use change; (7) Nitrogen and
phosphorus production; (8) Atmospheric pollution
load; (9) Chemical pollution

C-SQ3

Sustainability ambition
In your opinion, the degree of

sustainability in
your company

(1) Beginners; (2) Basic; (3) Sufficient and
satisfactory; (4) Expert

C-SQ4

Rate the importance of
following factors (1–5, scales:

1—not important and
5—very important)

(1) Environmentally responsible decisions
(2) Socially responsible decisions; (3) Compliance to
the sustainability principles in development of new
products; (4) Importance of sustainability principles
in the future; (5) A sustainability strategy is part of
daily business practices and value creation activities;
(6) Sustainable practices lead to innovation

C-SQ5 Which sustainability strategy
does your company use?

(1) Compensating for harmful actions in one area by
doing good in another; (2) Be sustainable without
harming the environment or society; (3) Be
sustainable by rethinking all actions to promote
positive environmental or social impacts far beyond
the company;

C-SQ6

To what extent (0–3) the
following principles are

adapted in your company
(Scale: 0—Never,

1—sometimes, 3—often)?

(1) Sustainability policies; (2) Activities to reduce
CO2 emissions; (3) During product design and
development assess the environmental and social
impact; (4) Inclusion of sustainability costs in the
product development budget; (5) Selection of
suppliers and partners based on sustainability
criteria; (6) Introduction of environmentally-friendly
production; (7) Use of eco-design practices;
(8) Application of eco-innovation

C-SQ7

To what extent (1–5) does
your company implement the

principles of a sustainable
business model (scale:

1—not implemented and
5—fully implemented)?

(1) less material and energy consumption through
more efficient processes; (2) reuse or recycling of
resources; (3) replacement of non-renewable
resources with renewable and artificial processes
that mimic or use processes in nature; (4) offering a
solution to the customer without owning a product
such as car sharing; (5) protecting the environment
by encouraging certain customer behaviour;
(6) providing information and incentives/bonuses
that encourage less consumption; (7) use of
organizational resources and opportunities to
generate benefits for society or the environment;
(8) providing value to previously unattainable
stakeholders or involving them in the value creation
process; (9) sustainable solutions and wider use of
technology; (10) adoption of a shared business
model; (11) Adoption of a “return and resale”
product strategy; (12) promote longer use of the
product; (13) offer a product as a service.
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Table A5. Table of the Descriptive Statistics.

Control
Variable:

Location at
the Time of
Incubation

Control Variable:
The Stage of

Development of
Business when Starting

or Receiving an
Incubation Support

Sustainability
Strategy

Sustainability
Ambition

Technology-
Driven

Sustainable
Value Creation

Planetary
Boundary
Climate
Change

n valide 48 48 48 48 48 48

manquant 6 6 6 6 6 6

Average 1.00 2.38 1.96 1.31 1.50 1.54

Median 1.00 2.00 2.00 1.00 1.50 2.00

Standard deviation 0.000 0.570 0.713 0.689 0.505 0.504

Variance 0.000 0.324 0.509 0.475 0.255 0.254

Minimum 1 1 1 1 1 1

Maximum 1 3 3 4 2 2

Table A6. Table of the Correlation Matrix.

Control Variable
(the Stage of

Development of
Business when Starting

or Receiving an
Incubation Support

Control Variable
(Location at the

Time of
Incubation)

Sustainability
Strategy

Sustainability
Ambition

Technology-
Driven

Sustainable
Value Creation

Control variable
the stage of development of your
business when starting an incubation
or receiving business support

coefficient 1.000 0.176 0.034 0.296 * 0.176

sig. (bilateral) . 0.232 0.818 0.041 0.233

“n” 48 48 48 48 48

Control variable
location at the time of
incubation/business support

coefficient 0.176 1.000 −0.254 −0.294 * −0.121

sig. (bilateral) 0.232 . 0.082 0.043 0.415

“n” 48 48 48 48 48

Sustainability strategy

coefficient 0.034 −0.254 1.000 0.234 −0.113

sig. (bilateral) 0.818 0.082 . 0.109 0.443

“n” 48 48 48 48 48

Sustainability ambition

coefficient 0.296 * −0.294 * 0.234 1.000 −0.160

sig. (bilateral) 0.041 0.043 0.109 . 0.278

“n” 48 48 48 48 48

Technology-oriented value creation

coefficient 0.176 −0.121 −0.113 −0.160 1.000

sig. (bilateral) 0.233 0.415 0.443 0.278 .

“n” 48 48 48 48 48

*: Higher significance of the statistical correlation.

Table A7. Table of Models summary.

Not Log of Likelihood −2 Cox’s R-Square
and Snell

R-Two of
Nagelkerke

1 53.405 a 0.239 0.319
a Estimation stopped at iteration number 5 as the number of changes in parameter estimates is less than 0.001.

Table A8. Test of Hosmer and Lemeshow.

Not Chi-Square dof Sig.

1 5.099 8 0.747
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