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Abstract:
Innovation is a crucial dimension for the transition to a greener Europe, a process that has
accelerated notably in the latest years. An open mode has been applied to those innovation that
mitigate the impact of economic activities on the natural environment, which is green open
innovation (GOI). This is approach is mainly driven by the importance of stakeholders and the
specificity of environmental fields, which call for a greater role of the external collaboration in green
innovation. Although the interest of management scholars and practitioners in GOI has increased
enormously, the empirical GOI literature has overlooked a project-level approach. Firms may have
heterogenous openness across different projects depending on the characteristics of the projects or
the strategic objective of the firm. This paper contributes to GOI literature by investigating whether
green projects are more open than non-green projects in terms of breadth and depth of knowledge
sources. Based on a dataset of projects funded by Seventh European research framework, the
results confirm the greater openness of environmental-related research projects. These results
corroborate the necessity for managers to apply an open mode to green innovation, especially in
highly competitive calls such as the European Union framework program.
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1 Introduction 

Sustainability has been part of the European Union actions for decades. As the process towards a 

greener Europe accelerates, it is crucial to deepen our knowledge on how firms embark on those 

innovations that reduce the impact of economic activities on the environment, the so-called green 

innovation (Bocken et al., 2014; Bogers et al., 2020; Porter & Kramer, 2019) 

Green innovation differs from general innovation for the stronger role of regulation and external 

stakeholders (e.g. consumers, government, NGOs) (Orlando et al., 2020), and the more complex 

and risky process (Ghisetti et al., 2015; Hojnik & Ruzzier, 2016). As argued by green open 

innovation (GOI) approach, external collaborations are crucial in environmental fields (Aquilani et 

al., 2020; Behnam et al., 2018; Bogers et al., 2020; D’Agostino, 2020; González-Moreno et al., 

2019; Moreno‐Mondéjar et al., 2020; Muscio et al., 2017; Olsen et al., 2017).  

Despite the fast-growing interest in GOI, further theoretical and empirical contributions are needed 

(Chistov et al., 2021). This paper contributes to one of the least studied approaches in GOI, which 

is at project-level (Olsen et al., 2017). In particular, this paper provides evidence of whether a more 

open approach in terms of breadth and depth of knowledge sources (Laursen & Salter, 2006) is 

employed by research consortia in environmental challenges. The advantage of a project-level 

analysis is that firms may have heterogenous approaches across different projects, depending on 

attributes such as complexity or uncertainty (Bagherzadeh et al., 2019).  

The paper is organized as follows. Section 2 presents the literature and develops the hypotheses. 

Section 3 describes the data. The analysis is developed in Section 4. Finally, Section 4 draws some 

conclusions.  

2 Green open innovation 

2.1 Cooperation in green innovation 

The open innovation paradigm (Bogers et al., 2018; Huizingh, 2011) has recently involved 

environmental issues under the label of open eco-innovation, sustainable open innovation, 

environmental innovation or GOI (Bogers et al., 2020; D’Agostino, 2020; Ghisetti et al., 2015; Russo 

Spena & Di Paola, 2020). These studies have highlighted the role of cooperation, which is 

particularly important in environmental technologies for two main reasons (De Marchi, 2012; 

Ghisetti et al., 2015; Horbach et al., 2013). Firstly, there is greater institutional pressure from 

multiple stakeholders (Berrone et al., 2013), included governments and NGOs, and consumers 

(Ketata et al., 2015). This implies that firms have a strong incentive to communicate effectively with 

these agents (Laperche & Picard, 2013).  

Secondly, green innovation manifests additional knowledge complexity and uncertainty (Ghisetti et 

al., 2015; Ketata et al., 2015), which may come from higher distance between old ways of doing 

things and new “green” products, from the heterogenous knowledge basis of green innovation (e.g. 

electric vehicles), and from the need to make radical organizational changes (skills, culture, 

business model) (Cainelli et al., 2012; Horbach et al., 2013; Laperche & Picard, 2013). 

One of the most studied themes in GOI is the degree of openness measured through the ‘breadth’ 

and the ‘depth’ of external collaboration (Chistov et al., 2021; D’Agostino, 2020). Firms differ in their 

external search strategy. The most innovative firms tend to search widely and deeply, even though 

this ‘openness’ is subjected to decreasing returns (Laursen & Salter, 2006).  
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2.2 The level of openness: ‘breadth’ and ‘depth’ of knowledge sources 

Recent studies on green innovation have investigated the external search strategy of green 

innovative firms in terms of ‘breadth’ and ‘depth’ (Cainelli et al., 2015; Ghisetti et al., 2015; 

González-Moreno et al., 2019; Kobarg et al., 2020; Liao & Tsai, 2019; Li-Ying et al., 2018; Martínez‐

Ros & Kunapatarawong, 2019; Moreno‐Mondéjar et al., 2020; Muscio et al., 2017; Olsen et al., 

2017; Saez-Martinez et al., 2016; Triguero et al., 2018).  

Firms using multiple types of external partners are more innovative, as the variety of knowledge 

stimulates novel associations, and provide distinct expertise (Chesbrough, 2003; Laursen & Salter, 

2006). Empirical studies find confirmation of the positive effect of ‘breadth’ on green innovation 

(Cainelli et al., 2015; Ghisetti et al., 2015; Martínez‐Ros & Kunapatarawong, 2019; Saez-Martinez 

et al., 2016; Triguero et al., 2018), on firm growth (Moreno‐Mondéjar et al., 2020), and on the 

capacity to solve environmental problems within a research consortium (Olsen et al., 2017).  

Hence, I posit that: 

H1. Green projects have higher external search ‘breadth’ than non-green projects. 

Firms are required to have repeated interactions with their partners, building up trust and mutual 

understanding for a smooth flow of knowledge. This is particular crucial in environmental fields, 

where partners may be of different types (e.g. firms and NGOs), and knowledge may be more 

complex. The relation between the ‘depth’ of knowledge sources and green innovation is generally 

found positive, although under specific conditions (Ghisetti et al., 2015; Muscio et al., 2017; Saez-

Martinez et al., 2016; Triguero et al., 2018). 

Hence, I posit that: 

H2. Green projects have higher external search ‘depth’ than non-green projects. 

3 Dataset 

The hypotheses discussed above are tested on a dataset on the research projects from the Seventh 

Framework Programme (FP7), which was the main European research funding programme in the 

period 2007-2013. It had a specific programme on Cooperation, from which I select the 

environmental themes: “Environment” (included climate change), “Energy”, “Food, Agriculture and 

Biotechnology,” and “Transport”. FP7-Collaboration projects1 have been used to investigate 

sustainability and open innovation (Olsen et al., 2017). 

Traditionally, open innovation studies use innovation surveys (Ghisetti et al., 2015; Laursen & 

Salter, 2006). These data are indicators of successful knowledge-searching strategy, which lead to 

the solution of specific problems (Olsen et al., 2017). Instead, the advantage of EU-funded projects 

is that they tackle a relevant problem which has not a solution yet. These projects signal the 

commitment of organizations that are willing to bear the cost of setting up a consortium, participating 

to a competitive call, and investing part of its own money in the funded project (Olsen et al., 2017). 

Since the proposal needs to be innovative and engage competent partners, these data present 

open innovation strategies in cutting-edge technologies with high strategic relevance. 

4 Variables 

The measures of ‘breadth’ and ‘depth’ are built on the types of organizations, which are: 

 
1 Open data are drawn from https://cordis.europa.eu/en 
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• Higher or Secondary Education Establishments (HES)  

• Research Organisations (REC)  

• Private for-profit entities (excluding Higher or Secondary Education Establishments) (PRC) 

• Public bodies (excluding Research Organisations and Secondary or Higher Education 

Establishments) (PUB). 

The ‘breadth’ of knowledge sources has been operationalized in several ways in empirical literature 

(see e.g. D’Agostino, 2020 for a review). 

For the breadth, I consider BREADTH_LSi, which is the number of types of organizations present 

in the project (Laursen and Salter, 2006)2 and BREADTH_GTSi  as the number of participants 

(González-Moreno et al., 2019).  

For ‘depth’, I use two indicators. H_DEPTHi is a concentration index, given by the sum of the 

squared of shares of each type of organization. Lower values of H_DEPTHi indicate that each type 

of organizations has similar shares within the project. Higher values indicate a greater share of one 

or few types of organization (i.e. a concentrated consortium). In its normalized form (ranking 

between 0 and 1), H_DEPTHi is computed as:  

𝐻𝐻𝐼𝑖 = ∑ 𝑠𝑖𝑗
2𝑁

𝑗=1        (1) 

and then 

𝐻_𝐷𝐸𝑃𝑇𝐻𝑖 =
𝐻𝐻𝐼𝑖−

1
𝑁⁄

1−1 𝑁⁄
                                                    (2) 

 

where sij is the share of participants of j type of organization (i.e. HES, REC, PRC, PUB, OTH) on 

the total number of participants in project i, and N is 5.  

As second measure of ‘depth’, DEPTHj assesses the importance of each type of organization 

separately (Kobarg et al., 2020). DEPTHj is the share of participants in j type of organization.  

Table 1 shows the descriptive statistics of the measures of ‘breadth’ and ‘depth’ presented above.   

 

Table 1: Descriptive statistics: breadth and depth (n = 7026) 

Variables Mean Std. Dev. Min Max 

BREADTH_LS 3.21 0.92 1 5 

BREADTH_GTS 12.01 7.84 1 155 

H_DEPTH 0.31 0.19 0.0089 1 

DEPTHHES 34.03 23.29 0 100 

DEPTHREC 23.90 16.79 0 100 

     

DEPTHPRC 32.97 24.20 0 100 

DEPTHPUB 4.14 11.40 0 100 

 
2 I excluded 59 projects for which the classification of the type of organizations is not present. 
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DEPTHOTH 4.96 9.87 0 100 

Source: Cordis data 

5 Analysis 

In this section, I investigate whether the measures of ‘breadth’ and ‘depth’ of knowledge sources 

systematically differ between green and non-projects.  

As shown in Table 2, green projects are fewer, yet with higher average values than non-green 

projects, both in terms of types of organizations involved, and in terms of number of participants; 

these differences are statistically significant. These results confirm hypothesis 1. 

 

Table 2: Breadth: green vs. non-green projects 

  Green 

n = 2079 

Non-green 

n = 4947 

Independent sample Welch’s t-

test 

  Mean SD Mean SD p-value 

BREADTH_LS 3.38 0.93 3.13 0.9 0.00 

BREADTH_GTS 13.76 8.07 11.26 7.61 0.00 

Source: Cordis data 

 

As shown in Table 3, green and non-green projects differ also in ‘depth’; all the differences are 

statistically significant.  

 

Table 3: Depth: green vs. non-green projects 

  Green 

n = 2079 

Non-green 

n = 4947 

Independent sample Welch’s t-test  

  Mean SD Mean SD p-value  

H_DEPTH 0.29 0.17 0.32 0.19 0.00 

DEPTHHES 27.9 19.53 36.59 24.24 0.01 

DEPTHREC 26.8 17.62 22.64 16.27 0.00 

DEPTHPRC 34.06 24.75 32.51 23.95 0.01 

DEPTHPUB 5.16 13.32 3.7 0.14 0.00 

DEPTHOTH 5.96 10.87 4.54 9.39 0.00 

Source: Cordis data 

 

Concentrated consortia (values of 1 in H_DEPTH) are frequent in the data, while few projects have 

balanced shares (20% for each type of organization), also because public bodies (PUB) and other 

organizations (OTH) are less present in general. H_DEPTH suggests that non-green consortia use 
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more intensively one or few types of organizations, and green projects tend to have more equally 

distributed weight of different types of organizations.  

The variables DEPTHj provide an overview of which types of organization are more involved in 

these consortia. Universities (DEPTHHES) are more intensively used in non-green projects (36.5%) 

rather than green projects (27.9%). This could be connected to the higher number of research 

projects with universities only (D’Agostino, 2020). The remaining three variables show higher 

values for green projects than for non-green projects.  

Hence, hypothesis 2 is not confirmed. Instead, green consortia have a more equally distributed 

load of the different organizations. 

6 Discussion and conclusion 

This paper shows that environmental innovation is pursued by a more open approach than in other 

fields. I advance a well-established stream of research on GOI about the role of the ‘breadth’ and 

the ‘depth’ of knowledge sources by taking the point of view of the research consortium 

(Bagherzadeh et al., 2019; Olsen et al., 2017), rather than the more traditional firm-centric view.  

These findings provide evidence that green research projects have a higher number of participants 

and a greater variety of organization types. In terms of intensity of use of types of organizations, 

green innovation is related to a more equally distributed contribution of different types of 

organizations. By looking at each type of organization, all but universities have greater importance 

in green projects than in non-green projects.  

Even though the European research program is a natural context where cooperation is encouraged 

and fostered, this paper highlights that - within the objectives common to all Cooperation themes 

(e.g. transnational cooperation, involvement of SMEs) - green topics attract a wider and more open 

consortia. This approach is backed up by the peculiarities of green innovation that require 

knowledge coming from different fields and industrial competences that may be transversal to many 

actors.  

This paper suggests that managers willing to embark in green projects must consider a wider and 

diversified network of partners. This could be particularly important in European research programs, 

such as the new-born Horizon Europe.  

These are preliminary and exploratory results that must be taken with cautions. One limitation is 

that the results could be driven by the specific calls of the FP7, namely green calls are designed to 

have more partners than other calls. Future research could investigate this aspect. In addition, 

further empirical analysis could look at how the level of openness of green consortia is connected 

to measures of output or performance, as well as possible decreasing returns of openness.  
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