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Abstract: Open innovation has recently emerged as an important concept in both academic research
and industrial practice, and it is now also becoming increasingly important in the public policy field
due to the innovation challenges in different domains, such as climate change, sustainability, and
growth to name a few, but only in some value chains (i.e., automotive, manufacturing, aerospace).
According to a report by McKinsey and Co., the construction industry lags behind others in adopting
innovations; in fact, less than 1% of the construction industry’s revenue goes back into technology
research and development. This work focuses on the current debate on the underdeveloped appli-
cation of the open innovation (OI) approach to the construction sector. Namely, the foundational
question is whether the OI model can be the answer to boosting innovation for the decarbonization
of buildings. The research goal is to go a step further by analyzing its internal effectiveness, focusing
on introducing and defining the Open Innovation Test Bed (OITB) concept. The study provides a
systematic and bibliometric literature review of OI starting from a critical analysis of the concept
definition and the evolution of the paradigm from the initial application to the first declination for
the construction sector. All the steps analyzed allowed us to make an overall and comprehensive
review of the OI concept, which is usually applied to other sectors, considering the ecosystem as the
most effective declination of the OI paradigm for OITB development for building envelope solutions,
thus providing answers to the two objectives identified in the introduction. Finally, the limitations
of prior OI studies and the challenges for the OITB new construction paradigm are discussed, and
we make recommendations for future opportunities and approach development to tackle and boost
energy-efficient envelope solutions for the construction industries.

Keywords: open innovation; ecosystem; test bed; construction sector; energy-efficient envelope solutions

1. Introduction

The snowballing involvedness of products and facilities, the fluctuating market de-
mand, and the increased and different requests from different social groups are tendencies
that push the introduction of new practices for companies to stay competitive. The exter-
nalization of data sources and their combination in the context of open innovation (OI)
is one of the practices that can lead to increased success [1]. The OI concept was first
introduced in 2003 by Henry W. Chesbrough, an American organizational theorist and
professor at the University of California, Berkeley [2], as “a paradigm that assumes that
firms can and should use external ideas as well as internal ideas, and internal and external
paths to market as the firms look to advance their technology” [3]. Chesbrough and his
colleagues have made a major contribution to developing the theory, since they basically
created an innovative novel concept that covers both “in-flows and outflows of knowledge”
correlated to industrial research and development (R&D) and, consequently, allows us to
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accelerate internal innovation, increase value and expand the markets [4]. Some of the
external sources of knowledge that are most addressed are, for example, research institutes,
universities, complementary companies, competitors, suppliers, and customers [5].

Since its coining, the “Open Innovation” concept has been considered as the smartest
solution for the global drive toward innovation [6], thus contributing to the gradual
paradigm shift that many sectors have recently been witnessing, from a traditional in-
novation model to a more open approach [7]. The OI concept has been also studied by
means of a survey with the aim of identifying the industrial needs for open innovation in
Europe for different-sized enterprises [1,8]. Companies, in fact, traditionally manage R&D
actions internally and depend almost solely on their own efforts and services, which implies
that only firms with appropriate internal resources can profit from their own innovations.
However, Chesbrough argues that in current times and with such commercially valuable
knowledge available, this closed innovation approach (“picking a man of genius, giving
him money, and leaving him alone”) is no longer sustainable [9].

In the literature, many research papers and studies underline that companies increase
their benefits by using an OI approach to reach innovation with other small and medium-
sized enterprises (SMEs) [5]. The “open” characteristic relates to the most recent cooperative
paradigm, although this could be misleading as it could indicate “free” (World Intellectual
Property Report. 2011). Indeed, firms must participate in proactive intellectual property (IP)
management in line with the open innovation paradigm, rewarding feasible innovations
internally while externally commercializing OI results [10].

In the context of collaborative relationships, in fact, firms must protect their inno-
vations and know-how in a strategic way, to avoid the risk of losing their competitive
advantage [11,12]. More precisely, as regards collaborations with external actors, Brant
and Lohse suggest firms should use intellectual property rights (IPRs)—either registered
(i.e., patents) or unregistered (i.e., trade secrets)—to better address the control and owner-
ship of the outflows of knowledge, establishing proper knowledge management processes
in advance to ensure that expertise is shared outside the company in a controlled and strate-
gic way [13]. Moreover, IP could qualify as a new asset that can provide additional value
and profit to the companies. According to Chesbrough, in fact, under the OI model compa-
nies should be both sellers and buyers of IP, pursuant to their own business model [14]. IP
management and protection are only two of the reasons why many companies have felt
the need to leave the traditional path and venture into a new and undeveloped method
towards innovation. The key benefits of the OI paradigm shift basically consist of the
following points:

(i) The firm does not bear the whole cost and hazard of the innovation and invention
procedure, with the result that more companies now can achieve and realize their
innovations, reducing the unused by-products of R&D and licensing to sell the new
ones thanks to the increased traceability of IPRs;

(ii) Innovation is technically less burdensome and challenging for the company, thanks
to the possibility of outsourcing some features of R&D and using outer business
networks for its creations, also resulting in a shorter time to market;

(iii) Globalization ensures the full mobility of the skills, knowledge, and resources that
firms under an open innovation model can now benefit from, ensuring long-term
advantages such as improved absorptive capacity and organization learning for
companies, at the same time increasing the excellence of their goods and facilities;

(iv) Regardless of the ever-increasing product complexity, companies can partner to
strive more efficiently, starved of the difficulty and price of producing the whole
products internally, thus generating more opportunities for firms located in less-
thriving locations and for SMEs in general;

(v) Companies can more successfully compete in new markets and industry segments by
combining skills and expertise from different entities across sectors. Thus, they can
access specialized resources that they do not already have to stimulate the progress of
innovative results.
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Furthermore, the OI paradigm has been considered as a valuable concept that can play
a big role on a larger scale in rapidly pushing the technological frontier outward, as well as
actively stimulating technological advancement and innovation [15].

In recent developments, the concept of OI has become more complex by involving a
high number of heterogeneous identities and different topics, such as international policies,
being recognized, for example, as an essential part of one of the United Nations Sustainable
Development Goals for 2030. This is true across multiple phases of the innovation process
(i.e., integration, commercialization, etc.), thus creating a complete innovation ecosystem
that can accelerate the transition toward sustainability. Moving from different value chains
to a unique ecosystem means corporate sustainable development, energy efficiency and
digitalization capability, which increase the firm’s ability to survive in a very competitive
market, creating Open Green Innovations that meet SDGs.

In that context, the objective of the present study is twofold: first, to provide an
overview of how the research field of open innovation has developed from the coining of
the term in 2003 [2] to date (Section 2), and identifying the sector in which this approach
has been more easily applied due to the characteristics and needs of the respective value
chain through a systematic literature review. The second goal of the manuscript is the
theoretical positioning of the evolution to the latest OI 4.0 paradigm towards Open Green
Innovation (OGI) to reply to the new market needs of sustainability and energy efficiency.
Therefore, the research questions (RQs) that have guided the study are as follows:

RQ1. How can the OI concept be applied to the construction value chain, as has
already been done successfully for other sectors?

RQ2. Does the Open Innovation Test Bed model boost Open Green Innovation and
support the construction sector in remaining competitive, providing innovative building
envelope solutions for the buildings’ decarbonization target?

A dedicated focus on the construction sector, being the core of the presented study, is
presented and discussed in Section 3, also considering that it has been pointed out as one of
the most promising sectors for sustainable development [16]. Therefore, the theoretical gap
that this research has discovered and furthermore investigated focuses on the analysis of
which mechanism, from the already developed OI concepts, can affect and further boost an
OGI application for the construction sector (Section 4). Moreover, the authors concentrate
their study on the OI declination for building envelope solutions, having identified—from
the results of the conducted systematic review—the “innovation ecosystem” paradigm,
also called Open Innovation Test Bed (OITB), as the most suitable solution for the scope.
Finally, a discussion of the results (Section 5), conclusions, and recommendations for future
directions (Section 6) are presented.

The overall literature review on definitions and application of the most-common
value chains of OI represents the theoretical evolution of the concept and the specific
application to the construction sector with the declination to the OGI. The building envelope
products are the new aspects analyzed and developed in this manuscript. The final goal
is monitoring the first evidence of ongoing open innovation ecosystems experiences for
the construction sector in the European context, in order to improve their application and
feasibility by sharing lessons learned and even barriers encountered along their creation
and development journey.

2. The Open Innovation Evolution: From Conceptualization to the 4.0 Version

The present section was conceived to provide a comprehensive review of the evolution
of open innovation in the literature, thus implementing and integrating the outcomes of
several previous studies that have been carried out on the subject. The objective is to
map the OI literature in the nineteen-year period from 2003, when the open innovation
concept was coined [3], to 2022, when the most recent articles were published, through a
“bibliometric” approach (broadly used in identifying research trends), with the ultimate
goal of assessing the potentiality of the OI paradigm in the construction sector.
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The evaluation of the global scientific outputs has been based on Scopus, one of the
leading worldwide databases for peer-reviewed scientific articles [17]. Only articles written
in English and with “Open Innovation” as a keyword were included in this study, to avoid
incorporating elements that may not have open innovation as their primary focus. The
search has resulted in 7175 global scientific outputs, which were then analyzed according
to the following ten criteria: (i) year, (ii) document type, (iii) source type, (iv) source,
(v) subject area, (vi) keywords, (vii) country, and (viii) funding sponsor. The annual trend
of scientific publications on OI in the Scopus database registered exponential growth in the
period 2003–2011. Only eight years after the coining of the open innovation concept, in fact,
the annual number of articles being published rapidly increased from 6 to 391. Since 2011,
however, the trend has been quite stable, and it only saw a new promising rise from 2015
onwards, reaching an annual value of 743 in 2022. This was without considering 2023, as
the study was not completed by 13 June 2023—the date of the last published study.

As outlined in the chart presented in Figure 1, the source types can be broken down as
follows: (i) journals (which include articles, reviews and editorials, for a percentage of 60%
of the total), (ii) conference proceedings (conference papers and reviews, 28% of the total),
(iii) books (books and book chapters, 11% of the total), and (iv) other (e.g., notes, letters
and surveys, for 1% of the total).
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Figure 1. Breakdown of the number of global scientific outputs on open innovation per document
type, according to the Scopus database.

All these documents refer to a total of 2212 different source titles, amongst which
the ten most recurring are listed in Table 1. It is quite clear that open innovation has
been addressed in a significant number of different journals, conferences and titles in
general, with the result that the ones listed in the table below only cover 17.7% of the total
publications that are the object of the present study.

Table 1. Breakdown of the number of global scientific outputs on OI per source title, focusing on the
ten most recurring titles according to Scopus. Last updated on 11 July 2023.

Source Title Number of Publications Percentage of Total

Journal of Open Innovation: Technology, Market, and Complexity 393 5.5%
Sustainability (Switzerland) 166 2.3%

International Journal of Innovation Management 128 1.8%
Technological Forecasting and Social Change 107 1.5%

Lecture Notes in Computer Science 91 1.3%
R&D Management 86 1.2%

Research Policy 76 1.1%
Research Technology Management 72 1.0%

Technovation 72 1.0%
European Journal of Innovation Management 69 1.0%

The Scopus database has identified a total of 26 different subject areas regarding
scientific publications on open innovation. Amongst those, Table 2 lists the five that have
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been found as most frequent: (i) business, management and accounting, (ii) computer
science, (iii) engineering, (iv) social sciences, and (v) economics, econometrics and finance.

Table 2. Breakdown of the number of global scientific outputs on OI per subject area, according to
Scopus, five are the main areas. Last updated on 11 July 2023.

Subject Area Number of Publications

Business, Management and Accounting 2453
Computer Science 1912

Engineering 1403
Social Sciences 1117

Decision Sciences 798

Figure 2 provides a graphical representation of the keyword frequency with reference
to open innovation, giving greater prominence to those keywords that are more commonly
used within global scientific outputs. For the sake of clarity, the graph considers only those
keywords that have been used in at least 10 publications. The five most-used keywords,
according to the Scopus database, are: (i) open innovation (used 4199 times), (ii) innovation
(1894 times), (iii) collaboration (393 times), (iv) crowdsourcing (326 times), and (v) techno-
logical innovation (265 times). Followed by three emerging keywords that authors decided
to consider as valuable indicators for future developments in relation to sustainability:
(vi) sustainable development (240 times), (vii) digitalization (151 times), and (viii) test bed
(105 times).
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The overall methodological steps taken to narrow down the number of articles from
8191 to the final sample of 105 are presented in Figure 3. They were deeply reviewed and
are in line with the scope of the study, which is grounded on the two RQs.
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The Scopus analysis realized referring to the period 2005–2023 shows that papers on
open innovation have been published in 114 countries worldwide. As clearly represented
in Figure 4, the first ten countries on OI publications are from: (i) the United States
(939 publications), (ii) China (774), (iii) United Kingdom (713), (iv) Germany (696), (v) Italy
(505), (vi) Spain (451), (vii) France (316), (viii) Netherlands (308), (ix) Finland (307), and
(x) Sweden (303), underlining that most of them belong to the European Union (EU) context.

Energies 2023, 16, x FOR PEER REVIEW 6 of 20 
 

 

The overall methodological steps taken to narrow down the number of articles from 
8191 to the final sample of 105 are presented in Figure 3. They were deeply reviewed and 
are in line with the scope of the study, which is grounded on the two RQs. 

 
Figure 3. Flow chart of the methodological steps followed for the systematic review analysis accord-
ing to inclusion/exclusion criteria. 

The Scopus analysis realized referring to the period 2005–2023 shows that papers on 
open innovation have been published in 114 countries worldwide. As clearly represented 
in Figure 4, the first ten countries on OI publications are from: (i) the United States (939 
publications), (ii) China (774), (iii) United Kingdom (713), (iv) Germany (696), (v) Italy 
(505), (vi) Spain (451), (vii) France (316), (viii) Netherlands (308), (ix) Finland (307), and (x) 
Sweden (303), underlining that most of them belong to the European Union (EU) context.  

 
Figure 4. Worldwide distribution of the most active countries on open innovation. Last updated on 
11 July 2023. 

Figure 4. Worldwide distribution of the most active countries on open innovation. Last updated on
11 July 2023.

Therefore, this result is underlined by the fact that the European Commission (EC)
has funded, under different research programmes, the majority of the OI publications
(i.e., Seventh, H2020, Horizon Europe).

As addressed by Commissioner Moedas during his speech in June 2015, in fact, open
innovation is the first pillar of the three strategic priorities that the European Commission
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has set for European Union research and innovation policy: “Open Innovation, Open
Science, and Openness to the World” [18]. Following this, in October 2017, the EU H2020
programme launched the Open Innovation Test Bed calls within the workplan on Nan-
otechnologies, Advanced Materials, Biotechnology and Advanced Manufacturing and
Processing, thus enlarging and connecting the OI concept to the ecosystem term.

The first result obtained from the analysis of the OI literature review is the clear
evidence that, according to the fields, perspectives, methods, and objectives considered,
OI has declined and been investigated and applied differently, without a common thread.
Hence, to summarize and clearly highlight the different declinations of the concept, Table 3
provides a chronological overview of the main definitions that have been found in the
study period 2003–2022, linking each of them to the respective authors and objectives.

Regardless of the different definitions and declinations, the core idea behind the OI
concept is the participation of several players (e.g., clients, providers, research centers, com-
petitors, individuals, professionals and start-ups) in various flexible methods (e.g., collabo-
rative agreements, crowdsourcing, co-creation, external business venturing, out-licensing,
technology sales) that exceed the common paradigm of innovation cooperation and agree-
ment research [19]. Methodological and systematic knowledge and capabilities that in
the past were established in house are now derived from outward entities, which are
selected and changed periodically [20,21]. Likewise, internal knowledge and technology
are increasingly commercialized via external paths to markets [22,23]. Therefore, firms
have moved to the upper end of the continuum between being closed and open, and, as a
result, the locus of innovation has shifted.

OI theoretical developments can be classified into various methods, such as schools
of thought [24], players, or procedures [22,25]. From the standpoint of firm processes,
two types of data flow can be distinguished: outside-in (or inbound) and inside-out (or
outbound). These two labels have allowed researchers to catalogue different OI actions,
both formal and informal, that can be established by companies. It has been generally
acknowledged [23] that inbound processes are usually favored, in particular by large
companies [26], and different researchers have struggled to measure the impact of these
processes on sustainable performance and digitalization capability [27–32].

The literature summarized in Table 3 reveals an increased correlation between open-
ness and innovation, which facilitates and speeds up communication and technological
developments like artificial intelligence (AI) and machine learning, as well as Big Data and
other software interfaces, to manage cutting-edge robotics and blockchain solutions [33].
In particular, Dahlander et al. remarked in their retrospective work how those new tools
have enabled companies to develop new business models, which rely on the company’s
ability to create, manage, share and store a massive amounts of data.

Table 3. Overview of the open innovation definition and concepts.

Author/s (Year) Research Object OI Definition

Chesbrough (2005) [3]
Open Innovation: the new
imperative for creating and
profiting from technology

“A new approach has emerged, which assumes that firms “can and
should use external ideas as well as internal ones, and internal and
external paths to market” to make the most out of their technologies . . .
valuable ideas can come from inside or outside the company and can go
to market from inside or outside the company as well.”

Gassmann and Enkel
(2004) [24]

Towards a theory of Open
Innovation: three core

process archetypes

“Open innovation means that the company needs to open up its solid
boundaries to let valuable knowledge flow in from the outside in order to
create opportunities for cooperative innovation processes with partners,
customers and/or suppliers. It also includes the exploitation of ideas and
IP in order to bring them to market faster than competitors can.”
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Table 3. Cont.

Author/s (Year) Research Object OI Definition

West and Gallagher
(2006) [26]

Challenges of Open Innovation: the
paradox of firm investment in

open-source software

“We define open innovation as systematically encouraging and
exploring a wide range of internal and external sources for innovation
opportunities, consciously integrating that exploration with firm
capabilities and resources, and broadly exploiting those opportunities
through multiple channels.”

Chesbrough,
Vanhaverbeke and

West (2006) [34]

Open Innovation:
Researching a New Paradigm

“Open innovation is the use of purposive inflows and outflows of
knowledge to accelerate internal innovation, and expand the markets for
external use of innovation, respectively. [This paradigm] assumes that
firms can and should use external ideas as well as internal ideas, and
internal and external paths to market, as they look to advance
their technology.”

Laursen and Salter
(2006) [35]

Open for innovation: the role of
openness in explaining innovative

performance among UK
manufacturing firms

“An open innovation model is using a wide range of external actors and
sources to help them achieve and sustain innovation”

Dittrich and Duysters
(2007) [36]

Networking as a Means to Strategy
Change: The

Case of Open Innovation in
Mobile Telephony

“The system is referred to as open because the boundaries of the product
development funnel are permeable. Some ideas from innovation projects
are initiated by other parties before entering the internal funnel; other
projects leave the funnel and are further developed by other parties.”

Hafkesbrink and
Schroll (2011) [27]

Innovation 3.0: a new paradigm for
multi-actor learning via embedding

into knowledge communities

“The notion of “embeddedness” is introduced to mark the increasing
challenge of substantially integrating firms into their surrounding
communities to assure the absorption of their exploitable knowledge. [
. . . ] In this context, Innovation 3.0 goes beyond OI (“Innovation 2.0”)
and clearly beyond Closed Innovation (“Innovation 1.0”).”

Lichtenthaler (2011)
[11]

Open Innovation: past research,
current debates, and future

directions

“Open innovation is defined as systematically performing knowledge
exploration, retention, and exploitation inside and outside an
organization’s boundaries throughout the innovation process.”

Chesbrough and
Bogers (2014) [37]

Explicating Open Innovation:
Clarifying an Emerging Paradigm

for Understanding Innovation

“We define open innovation as a distributed innovation process based on
purposively managed knowledge flows across organizational boundaries,
using pecuniary and nonpecuniary mechanisms in line with the
organization’s business model.”

Lopez-Berzosa and
Gawer (2014) [38]

Innovation Policy within Private
Collectives: Evidence on

3GPP’s Regulation Mechanisms to
Facilitate Collective Innovation

“In these increasingly common settings, the nature of the organizational
challenge is to innovate together and preserve the collective welfare as
defined by the overall vibrancy or performance of the ecosystem, while at
the same time preserving or enhancing the individual performance of
ecosystem members in competitive markets.”

Bogers et al. (2016) [39]

The Open Innovation research
landscape: established perspectives

and emerging themes across
different levels of analysis

“We propose a broad framework that combines the insights from earlier
research with the prevailing relationships between the most important
variables. Our integrative framework allows comparing, contrasting,
and integrating the different perspectives at different levels of analysis,
while offering a basis for further elaborating on and validating the
categories within the framework as well as the boundaries in between.”

Lopes, Scavarda,
Hofmeiter, et al. (2016)

[40]

An analysis of the interplay
between organizational

sustainability, knowledge
management, and Open Innovation

“The manufacturer exists between suppliers and customers but, in
terms of OI, collaboration with suppliers or customers can prove to be
crucial for business. With the help of external knowledge, a firm can
improve its sustainable innovation and positively influence
organizational sustainability.”

Chesbrough and
Vanhaverbeke (2018)

[41]

Open Innovation and Public Policy
in the EU with Implications

for SMEs

“Accordingly, the importance of OI and the acknowledgment that
capable and intelligent minds exist outside of the firm has captured the
attention of a large number of companies, venture capitalists, and
governments around the globe who have subsequently provided
additional funding opportunities.”
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Table 3. Cont.

Author/s (Year) Research Object OI Definition

Alassaf, Dabić, Shifrer,
et al. (2020) [8]

The impact of open-border
organization culture and employees’
knowledge, attitudes, and rewards
with regards to Open Innovation:

an empirical study

“The expansion of available open innovation funding enabled companies
to rethink the ways in which ideas are generated, fully embracing the era
of OI.”

Costa, Matias (2020)
[42]

Open Innovation 4.0 as an
Enhancer of Sustainable
Innovation Ecosystems

“Developing open innovation strategies means combining knowledge,
human and financial resources, and all players in the collaborative
ecosystem. The promotion of sustainable innovation ecosystems is a
co-creative process in which players must contribute and benefit from
knowledge creation relying upon absorptive capacities
and improvements”.

Roh, Lee, Ji Yang (2021)
[29] Open Green Innovation

“Green innovation provides a valuable and irreplaceable resource for
companies to develop their capabilities and lead to better business
outcomes. [ . . . ] For companies, managers should regard open
innovation activities as a window of opportunity to understand, absorb,
and learn about complementary knowledge on green innovation
from partners”.

Lee, Roh (2023) [31]

Open Innovation as strategy to
mediate between digitalization

capabilities and sustainable
performance

“Outbound open innovation is an antecedent factor that managers
should consider before implementing open innovation [ . . . ] to leverage
the key elements needed to pursue sustainability over time”.

The case of Amazon is presented in this context as a very compelling example of
their theory, highlighting the potential of its virtual marketplace to profit from aggre-
gated data provided directly by the technology platform users in the form of customer
reviews. This can be seen as an “open innovation service” similar to the definition given by
Chesbrough [43], in line also with the innovation ecosystem definition [44].

3. The Open Innovation Paradigm Evolution and Its Application to the
Construction Sector

Referring to the extensive literature presented in Section 2, it emerges that a unique and
widely agreed definition for innovation has not been defined to date. While traditionally the
term “innovation” has been associated with something that companies engage in through
internal R&D activities, currently many declinations, interactions, and tools are available to
address and activate the innovation process.

In this section, the authors focus on how the OI paradigm can be used and applied to
the construction sector to boost sustainability innovation, an urgent target from different
points of view—as remarked both by recent studies presented in the literature review and
the latest regulations and directives. In this context, OI only cannot be considered as a mere
reverse method to traditional ones, crowdsourcing, or internal R&D management towards
innovation. It is an entirely new context in which to determine innovative ideas; practice
patents more efficiently; cooperate with academies, research centers, and startups; assess
developing technologies; and develop alternative business models that a company can
then put into the value chain. OI encourages something between entities that is beyond
a knowledge-sharing economy. This collaborative method cannot be integrated into a
dynamic ecosystem without a thorough understanding of the fundamental elements, pro-
cesses, governance, and actors that comprise such an ecosystem. Any OI strategy requires
financial foresight and an internal cultural shift, which Kamalapurkar presents as being
structured in three main building blocks [45]. The first one is the leading priority and buy-
in: leadership should aim at setting up a structural framework that inherently prioritizes
innovation within its corporate operations. The second fundamental building block for
any open-innovation-focused company is aligning the goals and operational capacities of
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the business with the organization set-up. Choosing between de-centralized and central-
ized teams, lawyers, centers of excellence, and portfolios is key to successfully executing
open innovation. The third building block is founded on the prevailing tools, processes,
and culture. Socially open employees, vital resources allocated for the procurement of
external knowledge, and the right tools and processes to successfully manage long-term
collaborative and beneficial partnerships will influence and increase the adoption of OI.

The OI concept has primarily been studied within the context of Large-Scale Enter-
prises (LSE), whereby OI has been adopted as an explicit enterprise strategy [46]. Inves-
tigations on OI considering small and medium-sized enterprises (SMEs) are based on
secondary and panel data [35]. A small number of studies have explored OI at the level of
SMEs based on primary data [47,48]. Within the context of SMEs, Bianchi and colleagues
stated that out-licensing is more interesting for SMEs as they possess a focused business
portfolio with a very-high-level knowledge base and a need for support to adequately set
up the financial and other aspects [22].

Van de Vrande and colleagues, contrastingly, declare that SMEs use OI in practice
without a considerable change between manufacturing and service industries. However,
medium-sized firms are, on average, more heavily involved in open innovation practices
than small-sized firms [49].

The latest OI studies also highlight the application of the paradigm to new actors,
areas, and domains such as small firms, no-profit organizations, public policy and low-tech
industries, while early research on OI was limited only to on high-tech industries [50].
However, Chesbrough and Crowther stated that the method can also be applied to other
value chains, remarking that the SMEs’ growing target can be considered a dual aim: in
terms of quantity of new products, but also in terms of revenue. These points of view are
the key to boost the application of the OI method [51]. Chesbrough, in particular, suggests
that the new horizon in terms of the development and implementation of the OI approach
will concern the opening of the business models, which will provide numerous advantages
to firms, such as an increased and more efficient way to create value by leveraging more
ideas and capture greater value by utilizing their key assets, resources and positions [4].
As regards the building sector in particular, innovation could be defined as “the act of
introducing and using new ideas, technologies, products and/or processes aimed at solving
problems, viewing things differently, improving efficiency and effectiveness, or enhancing
standards of living”.

A quantitative survey conducted by Stichting Innovatie & Arbeid in 2014 [52] reveals
that the construction sector is not a pioneer in OI, and the main barrier to that lies in the
three main ways in which the cooperation could take place in the field: (i) between building
materials and technology manufacturers, (ii) on site, and (iii) between manufacturers and
those on site.

For this reason, protecting in-house knowledge seems to be the main barrier to co-
operation between firms. Barrio and colleagues have proposed a model for technological
innovation management in the construction sector, where the single firm develops their
own in-house innovations to apply by themselves directly, creating a closed loop to address
a kind of standardization of the management of innovation. The construction industry is
based on projects and people, and for this reason, a breakdown with the traditional point
of view has to be promoted highlights an innovative vision—this is a requirement for the
creation of new technologies, ideas and inspiration [53].

In their critical review of construction innovation, Xue et al. [54] clearly stated that the
conceptual framework of construction innovation can be summarized as four components:
antecedents of construction innovation, innovation input, innovation process drivers,
and innovation outcomes. According to their research results, one of the major issues
of construction innovation is collaboration. In addition, the participants in construction
innovation are a major factor in this area, involving the role of individuals, the behavior of
adoption, and the innovation climate.
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The increased number of studies on construction innovation remark that the domains
investigated are multidisciplinary, and this also causes several difficulties in reaching the
final goal, often also in relation to the firm size. Small firms, in fact, could encounter
extra barriers compared to larger ones, as they are more geared to mass production and
less interested in tailor-made solutions. This leads small firms to look for solutions with
fellow SMEs, which is also easier and more convenient as a process thanks to a common
business culture, less bureaucracy, and greater flexibility. Successful cooperation is based
on trust, and that applies to all businesses. Instead of looking for cooperation, some firms
generally opt to combine several activities in-house, since an interdisciplinary approach is
required and cooperation is not always possible. This applies to cooperation both on-site
and between manufacturers.

In that context, the change of the original concept from open innovation 1.0 to 2.0 [55]
places more emphasis on the engagement of (i) industries, (ii) government, (iii) research
center, academia, and in general also (iv) communities and users (the so-called “quadruple
helix”), to answer to the social sphere in a sustainable and profitable way. OI 2.0 inverts the
traditional models, in such a way that the innovation is now limited to the development
of an “ecosystem” composed of various entities unified by a common purpose: to share,
collaborate and innovate to co-create “shared value” [56]. Moreover, Porter and Kramer
in 2011 remarked that the co-creation of shared value is feasible when firms move from
optimizing short-term financial performance to optimizing both corporate performance
and social conditions, thus increasing the value shared by both the corporation and the
society in which it is embedded [57].

The most interesting feature of OI 2.0, according to Curley and Salmelin [58], is that
instead of considering the user as a research object, the user experience becomes a new
driver for innovation, and the user himself becomes an integral part of the innovation
process and a co-creator of value. Cultivating and orchestrating innovation ecosystems
is a fundamental component of OI 2.0; as Curley remarked in his work [59], innovation
ecosystems can be created and transformed by creating a shared vision and reinforcing
the vision with efficient and effective platforms for the emergence and then delivery of
new innovations.

OI 2.0 has been clearly defined in the white paper for the EC—not as the panacea but as
an essential component of the traditional innovation approaches in the construction chain
to accelerate collective learning and value creation [60]. In this framework, governments
and policymakers, in general, play a big role in the diffusion of the OI 2.0 paradigm as well
and could support it and contribute in several different ways. One strategy, for example,
could be to establish programs that foster the sharing of information and know-how
between public research institutes and companies, in order to accelerate research and its
application for the market [13]. Another viable method, to that end, could be to promote
the development of open innovation “ecosystems” or Test Beds (OITBs) through public
innovation grants, based on an effective IP management strategy developed in advance.
OITB is the latest strategy in which the EU Commission has invested to foster a more
holistic approach to research, development, and innovation (RD&I), thus triggering the
birth of OI practice in different sectors, as is further detailed in Section 4.

OI 3.0 is considered, then, as the new paradigm for multi-actor learning via embed-
dedness in knowledge communities.

4. The Challenge of Open Innovation Test Beds (OITBs)

The development of innovative solutions is essential to meet Europe’s long-term
goals in relation to the three well-known aspects of sustainability (economy, social and
environment) and the target of energy-consumption reduction and carbon neutrality.

The shift of innovation is moving towards a faster and demanding context, where
industries encounter high barriers and limits to evaluating ideas and testing new products
to be able to launch them into the market. This highlights the need to invest in new kinds
of facilities where those activities can be deployed in a sustainable and affordable manner.
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Europe decided to reply to this problem by implementing in its research programmes
dedicated investments to support the creation of Open Innovation Test Beds (OITBs), which
should become the reference and physical facilities for developing, testing, and upscaling
innovations. Authors focus in this paper only on OITB for the construction sector, in
particular for boosting the innovation of building envelope solutions, which is the core of
the present work. However, the OITB has also been largely applied to the manufacturing,
nanomaterials, and chemical industries.

The construction sector is, in fact, living in a challenging moment in reply to the
ongoing initiative under the umbrella of the EU Green Deal. The New European Bauhaus
(NEB) initiative, launched by the European Commission in 2020, promotes new ways of
construction in which sustainability matches style, thus accelerating the green transition
and supporting access to goods that are circular and less carbon intensive. Sustainability,
aesthetic, and inclusion can summarize the key aspects that building projects and the
construction materials and technologies must include in their development to remain
competitive. Looking at the latest and most promising construction technologies, the dry
envelope systems, thanks to their numerous advantages, such as versatility, reversibility,
cost-effectiveness, reduced construction times, high-quality, safety, sustainability, and
energy efficiency, can be considered a valuable solution to these compelling opportunities.
The system, based on the mechanical assembly of several functional layers on a resistant
framework made of steel, wood, or reinforced concrete, offers very high performances
on several fronts, from energy savings to indoor well-being. Nevertheless, an elaborate
and holistic approach seems to be required for implementing such new energy-efficient
and user-centric solutions. Manufacturers might need the support of digital platforms
and dedicated laboratories to raise awareness of innovation among potential customers,
optimize market supply and demand, and comply with the regulatory framework and the
processes of the certification of the product.

In this context, the OITB is a new model with high potential to reduce costs, investment
risks, and the time to market in harmonized conditions, for materials characterization,
modeling and upscaling to improve market access.

At the EU scale, the OITB can support all kinds of users independently from their
geographical location, stimulating collaboration across Europe at the same time and con-
tributing to the creation of a more open and connected innovation ecosystem.

The implementation of OITBs is expected to foster European networks of competencies
along the entire value chain and match the needs of the industry by providing users with
easy access to widely distributed facilities. Together, this accelerated innovation will create
jobs, grow economies, and help deliver Europe’s ambitions for a greener planet.

The European Health and Digital Executive Agency (HaDEA) in its explanatory
notes and guidelines have defined the Open Innovation Test Beds (OITBs) as “entities,
established in at least three Member States or Associated Countries, offering access to
physical facilities, capabilities and services required for the development, testing, and
upscaling of nanotechnology and advanced materials in industrial environments”. Within
that concept, the main objective foreseen for OITBs is to support the setting and operation
of test beds, pilot lines, and demonstrators for the development, testing, and upscaling
of innovative products and services in conjunction with industrial actors, innovators and
start-ups. More practically, OITBs generally cover all tasks from the mock-up phase to
the actual production, focusing in particular on the testing, monitoring, and validation
of the materials and their characteristics, in compliance with the respective legal and
regulatory constraints.

The development of such a set of entities is also fostered by the European Commission
through the EU Horizon 2020 research and innovation funding programme, which supports
not only the upscaling and engineering process but also a number of demonstration cases
and dissemination activities, to showcase the most relevant capabilities and potentialities.
Amongst the factors identified are: being open and accessible to any interested user from
Europe and beyond, contributing to the creation of a more open and connected European
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innovation ecosystem, and setting up networks of competences among OITBs along the
entire value chain [61].

In the same context, another interesting and attractive form of OI ecosystem is the
Living Labs (LLs) approach, which foresees the development and testing of innovative
solutions and technology in general, in either a physical or virtual real-life experimentation
environment, involving users as important informants and co-creators [62,63]. Living Labs
can be overall defined, in fact, as co-creation ecosystems for human-centric research and
innovation, where stakeholders form public–private–people partnerships (4Ps) of firms,
public agencies, universities, institutes, and users, who all agree to cooperate for creating,
prototyping, validating, and testing new technologies, services, products and systems in
real-life contexts [64,65].

The Ongoing Open Innovation Ecosystems for the Construction Sector in the EU

Referring to the context outlined in the introduction of this section, the European Union
has in place several projects, within the Horizon 2020 and Horizon Europe programmes,
involving the implementation of open innovation ecosystems for the construction sector.
These projects aim to identify on-demand, cost-effective, flexible, and material-based
market solutions for energy- and resource-efficient buildings, in order to contribute to the
large-scale diffusion of nearly zero-energy, zero-emission buildings.

The difficulty for these projects is to demonstrate that laboratory-based ideas can
be replicated and scaled up to solutions that are appealing and profitable for real-world
applications. It is critical to act on actual building envelopes through activities that have
major economic, social, and environmental consequences, bringing together businesses,
government, and citizens. These projects’ Open Innovation Test Bed ecosystems, which
provide services across many member states, help to enable these measures while also
assisting developers of innovative construction solutions in adhering to EU regulatory
norms, including adaptation to local specifications.

The ongoing EU open innovation projects are listed in chronological order, with details
on funding program, duration, and consortium countries involved, in Table 4, while Table 5
provides an insightful overview of each project, highlighting keywords and main objectives
taken from the projects’ summary, which are available, respectively, in the Cordis database
of the European Commission.

Table 4. List of the ongoing open innovation projects for the construction sector in the EU.

Project Title Acronym Program Period Consortium Countries

Building an Ecosystem for the up-scaling of
lightweight multi-functional concrete and
ceramic materials and structures [66].

LightCoce Horizon 2020 2019–2023 BE; DE; EL; ES; IT; NL;
PL; PT; SE

METAclustering for cross-sectoral and
cross-border innovation ecosystem
BUILDING for the European Construction,
Additive Manufacturing and Nature-Based
Solutions industrial sectors’ SMEs [67].

METABUILDING Horizon 2020 2020–2023 AT; BE; DE; ES; FR; HU;
IT; PT; TR; UK

Functional and advanced insulating and
energy harvesting/storage materials across
climate-adaptive building envelopes [68].

Iclimabuilt Horizon 2020 2021–2025
BE; CH; CY; DE; DK;

EE; EL; ES; FR; IT; NO;
PL; PT; SE; UK

Measuring Envelope products and systems
contributing to the next generation of healthy
nearly Zero Energy Buildings [69].

MEZeroE Horizon 2020 2021–2026 AT; CH; DE; DK; ES;
FR; IT; PL; SI; UK

An Open Innovation Ecosystem for exploitation
of materials for building envelopes towards
zero energy buildings [70].

Exploit4InnoMat Horizon
Europe 2023–2026 BE; CY; DE; EL; ES; IE;

IT; LT; NO; RO; SE; TR
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Table 5. List of the specific objectives for each of the open innovation projects for the construction
sector in the EU.

Keywords Objectives

LightCoce
SMEs, lightweight
multi-functional concrete and
ceramic materials and structures

The objectives can be clustered into three groups related to the ecosystem:
(i) setup, (ii) operation and sustainability, and (iii) validation. The
LightCoce ecosystem supports the upscaling activities of EU SMEs and
industries of lightweight multi-functional concrete and ceramic
construction materials and structures.

METABUILDING
Metaclustering, SMEs,
innovation networks ecosystem,
digital platform

METABUILDING project has four main goals, listed as follows: provide
support to SME innovation and strengthen the competitiveness of SMEs
through international collaboration; support SMEs to overcome the
COVID-19 crisis through innovation; cross-sectoral and cross-border
collaborations to stimulate the innovation potential of the construction
sector; and provide a digital platform to facilitate business and innovation
in the construction sector.

Iclimabuilt
Materials development,
cross-domain business
ecosystem

There are 24 listed objectives of the project, which are clustered per 3 main
phases of the ecosystem, like LightCoce. The key goals can be summarized
as following: definition of nine Pilot Lines (PLs) for the ecosystem;
validation of the OITB by a dedicated workflow on seven test cases, set up
a (non-profit) joint venture to administer the ecosystem and provide links
with financing schemes for SMEs to increase financial capabilities

MEZeroE

innovative construction
products, envelope solutions,
nearly zero-energy buildings;
virtual marketplace

The objectives of the MEZeroE project can be categorized into two main
groups: (i) related to OITB service validation, (ii) related to the long-term
sustainability of the MEZeroE OITB. The final aim is to create a virtual
marketplace ecosystem open to promoting cross-fertilization among
stakeholders in the construction industry. The ecosystem offers modeling,
testing, and monitoring services for nZEB (near-zero energy building),
enabling envelope technology solutions (nEES), as well as
specialized training.

Exploit4InnoMat
Material-based solutions, smart
envelope systems, sustainable
materials and products

The OITB Exploit4InnoMat network for building envelopes will focus on
roofs and facades, with a range of materials such as: nano-enabled cement,
non-cement premixes and ceramics, advanced coatings and glazing
solutions loaded with aerogel, fibers, PCMs, and other nanomaterials. The
final aim is to enable the replication of prototypes in different buildings
while taking into consideration the trade-offs between the three
sustainability pillars, the life cycle stages, and their impacts. Additionally,
a tool combining BIM analysis, fast-track modeling, and simulation will
enable a digital tool for utilizing building blocks to create a harmonized
and aesthetically pleasing urban environment.

The concept behind most of those ecosystems is to enable SMEs and businesses to
use a market-pull OI approach built on a strong connection with testbeds and services,
with the final goal of driving innovative envelope solutions into the market as robust and
low-risk products; develop cutting-edge envelope solutions through a digital platform that
can match players and services that are not usually easily accessible in a single place; and
sustain the rise of cross-sectoral, cross-border industrial value chains.

5. Discussion

The research results presented in this study can provide a substantial contribution
to the ongoing stream of scientific literature on OI mechanisms. They firstly reply to RQ1
to identify which is the model most suitable for the application of OI to the construction
sector, as has successfully already been done in other industries, by analyzing their ongoing
initiatives and lessons learned.

The first results underlined that contributions are often still too fragmented and
restricted to one dimension (i.e., user target or supplier innovation), and a new perspective
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might be needed to integrate different aspects into a unique and more consistent open
innovation declination.

The systematic literature reviews have presented essential theoretical and managerial
implications and remarked that collaboration is one of the main concerns for the con-
struction sector, for which the OI concept could be structured into four main components:
(i) antecedents of construction innovation, (ii) innovation input, (iii) innovation process
drivers, and (iv) innovation outcomes, to clearly identify the tendency of research on
construction innovation and critical problems. Moreover, the evolution of OI is a very
promising innovation model based on extensive networking and co-creative collaboration
between all actors in society, spanning organizational boundaries well beyond normal
licensing and collaboration schemes.

Chesbrough and Bogers [37] presented an overview of existing OI research into a
multi-level framework, while Bogers et al. [39] suggested that the boundaries between
different levels of analysis are becoming more permeable, but future research needs to
adopt a cross-level approach in which this interaction is set out on a more complex course.
An essential aspect of the research has been the identification of which technical domain
companies are more prone to OI. It turned out that the most active figures in the develop-
ment of both incremental and radical innovation are companies in the field of advanced
technological solutions.

Regarding RQ2, the contribution of this study focuses on the knowledge body of the
OITB paradigm, with a focus on its applicability to the construction sector as a young
research field, also in relation to climate change, energy efficiency and decarbonization
challenges. This leads to the need for integrating an Open Green Innovation perspective
both in term of process and consumers.

Those topics have been further highlighted and investigated with the OITB develop-
ment concept; therefore, they have become some of the main goals of the OITB initiatives
presented in Section 4. The OITB approach allows us, in fact, to match the demands of
SMEs/industries with the offers of research centers, testing facilities and Living Labs
(LLs) and at the same time support secure knowledge transfer to disruptively change
the building sector. This framework aims to provide structured knowledge to different
stakeholders, with a pragmatic ambition of developing a trusted expertise network and
self-sustaining beyond the project timeline, to span the so-called “valley of death” between
research and product adoption. In this way, the projects aim to create a fertile ecosystem
in the shape of a multi-side virtual marketplace, exploiting processes of cross-fertilization
among stakeholders in the construction sector.

Comparing the five ongoing research projects, the main goal for all of them is the
development of the respective Test Bed and its validation through pilot cases as proof of
concept. In this review paper, the core sector is construction and the building envelope is
the scope in particular, but the lessons learned from other sectors support and give insight
into the definition of the OITB.

Another important common point is the importance of providing open access for
SMEs or the industry to a single-entry point by existing or new pilot lines, to cover an
overall process for the envelope products. This should be from the characterization and
standardization modelling of the basic material to regulatory, safety and environmental
assessment, using a scientific-based data and innovation management flow defined in
accordance with the client. This activity can accelerate the development of additional
leading-edge technology to boost the innovation transition and help small high-tech firms
to scale up and cope with the continuous rising of technological complexity. The overall
procedure is considered the fundamental step in each project to clarify the steps, actors,
and tools necessary to reach the goal based on an open and common language, at the same
time covering a wide range of expertise in a unique place and with a unique method.

Analyzing the projects in detail, it emerges that some focus mainly on the development
of a digital platform open to all stakeholders of the enlarged built environment sector, which
might help SMEs to find partners for collaborative projects, innovative technologies, and
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information about available funding for SME innovation without specifying materials
or products.

Some other projects, besides the platform, focus their OI support offer only on specific
products or materials or requirements. For example, LightCoce focuses on lightweight
multi-functional concrete and ceramic construction materials and structures, MEZeroE
offers a series of OI services filtered by nine constructions segments (multifunctional
envelope, multilayer façade systems; cladding systems; coatings and finishes; glazing and
frames; membranes; joints and connectors; insulation; green roofs and green façades; active
solar energy systems) through a virtual marketplace, while Exploit4InnoMat focuses mainly
on nanomaterials for nZEB technologies.

All the projects are still under development and therefore only some general remarks
can be made according to their preliminary results, which are disseminated by events or
public reports.

The first highlight regards the geographical location of the funded open innovation
ecosystem initiatives. The widespread EU distribution in most of the projects under-
lines how the different actors of the market, both universities with research centers and
SMEs with companies of the construction industry, are ready for and highly interested in
following the path toward innovation together in a close collaboration, to overcome IP
barriers and enhance sharing knowledge management and facilities with a common aim:
open innovation.

Another important aspect that boosts OITB application is the pragmatic and well-
grounded mid- to long-term ambition of developing and consolidating a trusted expertise
network between the actors of the value chain, to be active and self-sustaining well beyond
the project timeline. This OI framework is in line with the EU Green Deal initiative
and the carbon neutrality target, which require user-friendly and flexible instruments to
reach their objectives. Therefore, the OITB paradigm facilitates the creation of network
collaborations and boosts the introduction of new sustainable and energy-efficient solutions
in the construction market.

6. Conclusions and Future Directions

To the best of the authors’ knowledge, the present study represents one of the few
attempts to conduct a comprehensive literature review that also focuses on practical ap-
plications of the OITB paradigm to the construction sector. We are confident about the
usefulness of the first results for a wide variety of purposes, which hopefully are an inspira-
tion for different actors (scholars, but also both public and private stakeholders) interested
in the OI phenomenon within the building value chain.

The authors proposed a framework that can be used to distinguish differences be-
tween university–industry relationships and other corresponding collaborative organiza-
tional relationships.

Although the literature review has been conducted using a scientific and retraced
method, the authors have to acknowledge possible limitations. It should be recorded, for
example, that the bibliometric study presented in the manuscript relies only on the Scopus
database, one of the leading sources for scientific publications, and therefore the results and
findings might differ when using a different database. Also, the review only involves open
innovation literature within the boundaries that have been defined in Section 2, thereby
excluding articles that are still in the process of publication, without the keyword “Open
Innovation”, and were published in languages other than English. In future studies, other
sources, databases, and languages may be explored.

In conclusion, the overall lessons learned are up to date and some important notes for
further research have been summarized following.

The field of OI is still in evolution, and it offers a wide field in which academics,
practitioners, and policymakers can be all actively involved. A significant theoretical
contribution by the analyzed ongoing research projects is a confirmation of the usefulness
of the applied measurement scales with the OITB paradigm, in particular in relation to the



Energies 2023, 16, 5522 17 of 19

emerging needs to stay competitive in a market that is pursuing a new destination and
must respect and support the sustainable development goals.

The OITB can be considered a solution to the barriers that small, medium and large
enterprises can encounter along the innovation path in relation to the testing and validating
phase, which is usually the hardest step that sometimes requires dedicated regulations,
standards or set-ups for tests unknown at the moment of the innovation. In this situation,
usually, small firms with limited budgets or no dedicated R&D team will abandon the path,
while only some large firms can, for example, develop their own dedicated test box where
experimental analysis can be conducted [71]. Besides the limit dimension of the firm, even
in this case, the box facility and the maintenance of such infrastructure and the scientific
validation of the procedure will also require collaboration with universities or research
centers, which can validate or verify the results obtained.

To overcome this situation and to increase access to these kinds of facilities for a larger
number of SMEs, the development of different OITBs for the construction sector across
Europe with dedicated pilot lines might serve as a basis for the further development of the
paradigm and infrastructures for the design of future studies and needs, thus responding
to the challenges of the market and supporting the decarbonization target.

This research should not be treated as exhaustive and closed, especially considering an
issue as complex as the creation of effective mechanisms supporting the generation of OI in
the construction sector. However, it aims to be a first insight into the knowledge of the OITB
as a valuable model to boost green innovation both in terms of green processes and green
producer/consumers, providing answers to the two RQs identified in the introduction.
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