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Abstract 
Concern about the degradation of natural resources and the planet’s environ-
ment is an issue that is gaining more interest every day from the scientific, 
business and government community, especially in the development and im-
plementation of business strategies that reduce the use of natural raw materials 
and pollution levels. In this sense, open eco-innovation activities are gaining 
attention in the literature as one of the business strategies that allow organiza-
tions to reduce environmental degradation and the use of raw materials. How-
ever, despite the growth in interest in the analysis of this topic, there are rela-
tively few studies that have provided empirical evidence of its importance, in 
addition to the fact that little is known about the effects of eco-innovation ac-
tivities. Open in the practices of sustainable development and at the level of 
business performance. Therefore, this research has as its main objective to fill 
this existing gap in the literature and provide robust empirical evidence, 
through an extensive review of the literature. Likewise, a self-administered 
questionnaire was distributed to a sample of 300 manufacturing companies 
from the five most important sectors in Mexico, analyzing the data set through 
confirmatory factor analysis and structural equation models using partial least 
squares (PLS-SEM). The results obtained suggest that open eco-innovation 
practices have a significant positive influence on both sustainable development 
practices and business performance of manufacturing companies, and, in turn, 
sustainable development practices substantially improve the effects of innova-
tion. open eco-innovation in business performance when it is used as a medi-
ating variable between both constructs. 
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Manufacturing Industry 

 

1. Introduction 

Researchers and academics in the field of innovation are increasingly interested 
in the potential use of open innovation in eco-innovation practices, which is re-
flected in the gradual increase in the number of articles published in the literature 
(Pereira et al., 2020). The importance of relating both concepts has increased no-
tably from the middle of the second decade of the current century, with the ap-
pearance of the term open eco-innovation (Ghisetti et al., 2015; González-Moreno 
et al., 2019), which practically refers to the openness that manufacturing compa-
nies have to environmental innovation (Russo-Spena & Di Paola, 2020), sustain-
able development innovation (Bogers et al., 2020), and interorganizational collab-
oration in the development of eco-innovation practices (Melander et al., 2017; Pe-
reira et al., 2020), which improves business performance (Sanni & Verdolini, 
2022).  

Recently, the publication of theoretical and empirical studies has focused, par-
ticularly, on providing theoretical evidence of the importance of open eco-innova-
tion in achieving the economic, environmental, and social objectives of companies 
(Chistov et al., 2021), thus contributing to the transition of sustainable develop-
ment of society (Russo-Spena & Di Paola, 2020; Kiefer et al., 2021). However, de-
spite the growing interest in the academic and professional literature in the anal-
ysis of open eco-innovation in the sustainability activities of manufacturing com-
panies (Chistov et al., 2021), academic research on open eco-innovation it is cur-
rently in an initial stage, since the definition of the concept is still not clear in the 
literature (González-Moreno et al., 2019), for which this line of research requires 
a greater theoretical analysis and the contribution of evidence empirical evidence 
of this existing relationship (Chistov et al., 2021; Naruetharadhol et al., 2021). 

In this sense, the objective of this study is the analysis and discussion of the 
relationship between open eco-innovation, sustainable development, and busi-
ness performance, as well as how sustainable development acts as a mediating role 
between open eco-innovation and the level of business performance of manufac-
turing companies. To achieve this objective, an empirical study was carried out in 
the manufacturing companies of Mexico, using a sample of 460 observations, and 
estimating the research model through the use of Partial Least Squares Structural 
Equation Modeling (PLS-SEM), with the support of SmartPLS software (Ringle et 
al., 2015). The manufacturing industry in Mexico is essential for two basic reasons, 
firstly, because it is the industry that is most incompatible with caring for the en-
vironment and sustainability (Scur et al., 2019) and, secondly, it is the industry 
that generates the greater contribution to the national GDP (INEGI, 2020). 

The results obtained in this research provide robust empirical evidence that 
shows that open eco-innovation has a significant positive effect on sustainable de-
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velopment and business performance. This last relationship is partially mediated 
by sustainable development, since when this variable mediates between open eco-
innovation and business performance, the level of business performance is more 
significant. In addition, this study contributes to the literature in two aspects, on 
the one hand, the limited number of studies published in the current literature 
that analyze open eco-innovation (González-Moreno et al., 2019; Chistov et al., 
2021; Sanni & Verdolini, 2022) and, on the other hand, to the generation of 
knowledge of the way in which open eco-innovation affects business performance, 
through the mediating role of sustainable development (Naruetharadhol et al., 
2021). 

2. Literature Review 
2.1. Open Eco-Innovation and Firm Performance 

Several studies have attempted to formally define the concept of open eco-inno-
vation (Chistov et al., 2021). In recent research, this concept has been described, 
for example, “as the search for external knowledge through information gather-
ing, R&D acquisition, and exchange strategies” (Mothe & Nguyen, 2017: p. 2), or 
“as the possibility of complementing internal investment in green resources with 
knowledge and skills from partners in collaborative networks” (Russo-Spena & Di 
Paola, 2020: p. 3). However, one of the most widely accepted definitions in the 
literature is the one proposed by Ghisetti et al. (2015: p. 1081), who define open 
eco-innovation as “environmentally responsible modes of knowledge acquisition 
and absorption, accompanied by relationships with environmentally committed 
partners and integration into sustainability-oriented innovation systems”.  

Furthermore, Ghisetti et al. (2015) argue that openness to external knowledge 
can help manufacturing firms overcome internal obstacles in the adoption and 
development of eco-innovations, while improving their business performance. 
Recently, the academic and professional community have explored the im-
portance of the concept of open eco-innovation, in the context of both its potential 
to solve the main problems that afflict global society, and the substantial improve-
ment firm performance (Bogers et al., 2020), particularly in the access to external 
knowledge that manufacturing companies may have that can help eliminate the 
classic barrier to eco-innovation, such as the lack of resources and capabilities 
(Ben Amara & Chen, 2020). This business strategy receives various names in the 
literature, such as sustainable open innovation (Bogers et al., 2020), environmen-
tal open innovation (De Marchi, 2012a, 2012b; Russo-Spena & Di Paola, 2020), 
open eco-innovation mode (Ghisetti et al., 2015; Fabrizi et al., 2018), open eco-
logical corporation (Störmer, 2008), collaborative entrepreneurial corporation for 
the circular economy (Veleva & Bodkin, 2018), among other different names, 
terms and definitions presented in the study conducted by Chistov et al. (2021). 

However, despite the rapid growth in the publication of studies on open eco-
innovation, both knowledge of this concept and its theoretical structure are still 
in an embryonic stage (González-Moreno et al., 2019; Chistov et al., 2021), for 
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which the contribution of empirical evidence of the relationship between open 
eco-innovation and firm performance is required (Sanni & Verdolini, 2022). In 
order to remedy this problem, some bibliometric analysis studies began to be pub-
lished in the literature that try to explain and define the concept of open eco-in-
novation (Fernández, 2019; Chistov et al., 2021), which analyze interorganiza-
tional cooperation in open eco-innovation practices (Pereira et al., 2020), cooper-
ation in sustainable open eco-innovation practices (Fernández, 2019), collabora-
tion in eco-innovation of green products (Melander, 2017), clarification of the 
sustainability of the concept of open eco-innovation (Rauter et al., 2017), and, 
particularly, its relationship with the level of firm performance of specific sectors 
of the economy (Sáez-Martínez et al., 2016; Avellaneda-Rivera et al., 2019). 

Additionally, the adoption and implementation of open eco-innovation as a 
business strategy can help manufacturing companies to substantially improve 
firm performance in various ways, such as increased sales, entry into new markets, 
growth in its level of competitiveness, increase in financial performance, compet-
itive advantages growth, differentiation of its products with respect to its main 
competitors, the growth of its corporate image and the improvement of environ-
mental performance (Doran & Ryan, 2016; Rossi et al., 2019). Furthermore, open 
eco-innovation considered as a new sustainable business model is important for 
all manufacturing companies in any industry because the integration of environ-
mental and economic elements is emerging as a new way of doing business (Fran-
ceschelli et al., 2018). Thus, considering the information presented above, it is 
possible to propose the following research hypothesis. 

H1: The higher level of open eco-innovation, the higher level of firm perfor-
mance. 

2.2. Open Eco-Innovation and Sustainable Development 

Recently, the concept of open eco-innovation has been recognized in the literature 
as an essential mechanism for the sustainable development of manufacturing 
companies, as well as a robust element that generates social, environmental, and 
economic benefits for companies (Srisathan et al., 2020), through the innovative 
solution of sustainability problems (Naruetharadhol et al., 2020). In addition, in 
recent years, the economic performance sought by manufacturing companies is 
closely linked to environmental and social performance (Naruetharadhol et al., 
2021), precisely because open eco-innovation practices are related to the proper 
use of natural resources of the countries, to produce goods and services that allow 
a significant decrease in the levels of industrial waste and environmental pollution 
(Naruetharadhol et al., 2021). 

In this sense, open eco-innovation and sustainability need to be analyzed from 
a holistic point of view, in such a way that it allows an adequate analysis of the 
implementation of eco-innovation policies aimed at improving the sustainable de-
velopment of companies (Naruetharadhol et al., 2020). Few studies published in 
the literature have tried to carry out this analysis (e.g. Ghisetti et al., 2015; Tri-
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guero et al., 2018; Yang & Roh, 2019). Thus, Ghisetti et al. (2015) considered the 
non-linear impact of the absorptive capacity of external knowledge resources on 
the adoption and implementation of open eco-innovation in manufacturing com-
panies in Europe, finding that sustainability is important for the growth of man-
ufacturing open eco-innovation practices, since these authors focused on measur-
ing open eco-innovation as the number of environmental innovations introduced 
and adopted in companies (Ghisetti et al., 2015). 

Triguero et al. (2018) found similar results in the relationship between open 
eco-innovation and sustainability (innovation in the efficiency of materials, inno-
vation in energy efficiency, and environmental responsibility), in food and bever-
age companies in Spain. Yang and Roh (2019) found that the collaboration of 
open eco-innovation with large manufacturing firms generates better results than 
with small companies, for which they suggested that small companies should con-
sider other small firms to collaborate in open eco-innovation activities. However, 
companies (small and large) that have an environmental management and sus-
tainable development system tend to achieve better results in the adoption and 
implementation of open eco-innovation, for which it is possible to establish that 
this type of firms need to work more on open eco-innovation activities so that 
they are able to achieve an increase in their environmental performance and sus-
tainable development (Khan et al., 2019). 

Furthermore, Perl-Vorbach et al. (2014) and Rauter et al. (2017) carried out a 
bibliometric review in the context of open eco-innovation and sustainability, find-
ing several published studies that related both concepts, while Melander (2017) 
focused his study on the relationship between open eco-innovation and sustaina-
bility in a context of collaboration between companies, finding a positive relation-
ship. Fernández (2019) included in his study open eco-innovation related to en-
vironmental innovation in a context of collaboration between firms, finding pos-
itive results. In a more recent study, Pereira et al. (2020) focused their search on 
the relationship of open eco-innovation and sustainability, finding studies that 
relate both constructs. These contributions play an essential role in understanding 
and mapping the concept of open eco-innovation and the sustainability of manu-
facturing companies (Chistov et al., 2021). Therefore, considering the information 
presented above, it is possible to propose the following research hypothesis. 

H2: The higher level of open eco-innovation, the higher level of sustainable de-
velopment. 

3. Sustainable Development as a Mediating Variable 
Sustainable Development and Firm Performance 

In the last two decades, sustainable development practices are essential not only 
for government authorities, but also for companies and society in general (García 
et al., 2017), since sustainable development practices, including natural resource 
management and risk management, have a strong influence on decision-making 
and the level of firm performance of organizations (Rahi et al., 2022). In addition, 
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manufacturing companies that have implemented sustainable development prac-
tices have commonly improved efficiency, customer loyalty, business reputation, 
access to capital, capacity for innovation, and firm performance (Ferrero-Ferrero 
et al., 2016; Arrive et al., 2019). However, the relationship between sustainable 
development and firm performance is highly controversial, and it is a topic that is 
considered in the current literature as inconclusive that needs to be further inves-
tigated (Nasrallah & El Khoury, 2021). 

In this sense, various studies published in the literature have provided empirical 
evidence that demonstrates that sustainable development practices increase firm 
performance (Tarmuji et al., 2016; Alareeni & Hamdan, 2020), with several of 
these studies focusing on the analysis of one or the three dimensions of sustainable 
development (social, environmental, and economic), and its relationship with 
firm performance (Yusof et al., 2016). However, despite the existence of various 
studies that have found a positive relationship between sustainable development 
and firm performance, in the literature these results are considered ambiguous 
and inconclusive (Rowley & Berman, 2000; Van Beurden & Gössling, 2008; Revelli 
& Viviani, 2015), since other studies have found a negative relationship, and oth-
ers that found no relationship between sustainable development and firm perfor-
mance (Orlitzky et al., 2003; Alareeni & Hamdan, 2020). 

In addition, studies published in the literature that have considered sustainable 
development as a business strategy, have found a significant increase in the utility 
levels of companies (Albuquerque et al., 2012), and when it has been considered 
as an indicator of corporate social responsibility and corporate reputation, have 
also found increased financial and firm performance (Steyn, 2014; Buallay, 2019; 
Alsayegh et al., 2020). Therefore, it is possible to establish that the adoption of 
sustainable development practices helps manufacturing companies to improve 
their competitive advantages (Lourenço et al., 2012), increase the level of produc-
tivity (Albuquerque et al., 2019), reduce environmental risks (Hoepner et al., 
2019), reduce risks in sustainable investments (Buallay, 2019), reduce operating 
and financial costs (Eliwa et al., 2019), and, particularly, increase the level of firm 
performance (Broadstock et al., 2020). 

Additionally, there are studies published in the literature that analyze the rela-
tionship between each of the three dimensions of sustainable development and 
firm performance, finding different results (Rahi et al., 2022). Some studies iden-
tified a positive relationship between environmental and economic sustainability 
with firm performance, but not with social sustainability (Salama, 2005; Friede et 
al., 2015), in contrast, other studies found a negative relationship between these 
constructs (Fauzi et al., 2007; Arvidsson, 2014). Still other studies found a positive 
relationship between social sustainability and firm performance (Shahzad & Sgar-
fman, 2017), but other studies found a negative relationship between these two 
constructs (Smith & Sims, 1985; Peng & Yang, 2014), and others studies found no 
relationship between both constructs (Fauzi et al., 2007; Weston & Nnadi, 2021). 
In conclusion, published studies show ambiguous and inconclusive results be-
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tween sustainable development practices and firm performance, which is why it is 
necessary to delve further into their study (Rahi et al., 2022). Thus, considering 
the information presented above, it is possible to propose the following research 
hypothesis. 

H3: The higher level of sustainable development, the higher level of firm per-
formance. 

On the other hand, sustainable development practices are considered in the lit-
erature as a social, environmental, economic, and strategic potential that can in-
crease in firm performance in manufacturing companies, through financial bene-
fits (Escoubés, 1996). However, the adoption and implementation of open eco-
innovation can contribute to substantially improve business results, since it is 
commonly considered as an innovative business model that contributes to im-
proving environmental regulations, as well as reducing fines, lawsuits, and threats 
for non-compliance with environmental regulations (Guo et al., 2017). Thus, sus-
tainable development refers to processes management and methods by which 
companies reduce the effects of their activities on environmental aspects (Lun et 
al., 2016), but open eco-innovation activities can further increase firm perfor-
mance, not only producing environmentally friendly products, but also with the 
development of sustainability activities (Katsikeas et al., 2016). 

In this sense, manufacturing companies have greater opportunities to improve 
firm performance, if they generate eco-products with the standards and quality 
demanded by the market (Guo et al., 2017), if they consider sustainable develop-
ment within their strategy. In this order of ideas, Molina-Azorín et al. (2015) that 
environmental and sustainability management systems play a fundamental role in 
the definition and communication of the policies and objectives of manufacturing 
companies, since consumers increase their purchases of those products that are 
friendly to the environment, increasing thereby firm performance of companies. 
Lee and Min (2015), suggested that those companies that are more proactive in 
sustainable development, substantially improve their financial results and firm 
performance, through the implementation of open eco-innovation activities. 

Hamdoun et al. (2018) concluded that environmental management through 
certification of ISO 14,001 standard, is one of the best ways to improve sustainable 
development in manufacturing companies, which not only serves as a vehicle to 
increase the level of firm performance of organizations, but also to enhance open 
eco-innovation. Additionally, Hamdoun et al. (2018) suggested that the adoption 
of particular activities of sustainable development (e.g. management policies for 
green activities, adoption of the 3 Rs, development of products that generate little 
pollution, selection of suppliers with green activities), represent innovations that 
generate and transfer knowledge among the participating companies. This is an 
argument that is generally used in the literature to establish the relationship be-
tween open eco-innovation and firm performance, since the implementation of 
sustainable development plays a mediating role between these two variables (Narue-
tharadhol et al., 2021). 
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In this context, it is possible to establish that the implementation of sustainable 
development in manufacturing companies plays a role of mediation rather than 
moderation between open eco-innovation and firm performance (Khan et al., 
2019), particularly in those manufacturing firms of green industries. However, in 
companies that belong to non-green industries, sustainable development can also 
be considered as a mediating variable, if firms increase their environmental activ-
ities through the intervention of open eco-innovation, thereby improving firm 
performance (Calza et al., 2017). Therefore, it is possible to conclude that improv-
ing environmental practices can significantly contribute to improving the rela-
tionship between open eco-innovation and firm performance (Naruetharadhol et 
al., 2021). Thus, considering the information presented above, it is possible to pro-
pose the following research hypotheses. 

H4: Sustainable development has a mediating effect between open eco-innova-
tion and firm performance. 

In the research model (Figure 1), which is presented below, the four research 
hypotheses planted in this study can be observed in more detail. 
 

 
Figure 1. Research model. 

4. Methodology  

To respond to the hypotheses raised in the research model, an empirical study was 
carried out in manufacturing firms of metalworking, automotive, chemical, aero-
space and textile industries in Mexico, which together represented around 5000 
companies. In addition, it is important to point out that the companies surveyed 
belong to different organizations and business chambers, for which the study was 
not focused on a particular business association group. Additionally, a survey was 
designed to collect information, which was applied to a sample of 300 manufac-
turing firms selected by simple random sampling with an error of ±5 and a relia-
bility level of 95%, applying the survey during April to September 2020 in eight 
states of the country, where most of the manufacturing firms in this industry are 
concentrated. 

Measurement Development 

As a preliminary step to the reliability and validity analysis of the measurement 
scales used in this study, the measurement scales for open eco-innovation, sus-
tainable development, and firm performance were defined. Thus, for the meas-
urement of open eco-innovation, an adaptation was made to the scale proposed 
by Chiou et al. (2011), and García-Granero et al. (2018), measuring products open 
eco-innovation through 2 items, processes open eco-innovation through 2 items, 
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and management open eco-innovation through 2 items. In addition, to measure 
sustainable development, an adaptation was made to the scale developed by Adger 
and Jordan (2009), and Goswami (2014), who measured it through social sustain-
ability with 6 items, environmental sustainability with 6 items, and economic sus-
tainability with 6 items. Finally, for the measurement of firm performance, an ad-
aptation was made to the scale proposed by Bag (2014), being measured by means 
of 6 items. Table 1 shows the items of the measurement scales used for the three 
constructs. 

 
Table 1. Measurement model assessment. 

Indicators Constructs Factor loads Q2 

Open Eco-innovation (OEI) 
Cronbach’s Alpha: 0.942; Dijkstra-Henseler’s rho (ρA): 0.947; CRI (ρc): 0.954; AVE: 0.776 

OPE1 Developing new products/services with low environmental impacts 0.887  

OPE2 Reducing the use of raw materials 0.889  

ORE1 Reusing the components and reducing chemical waste 0.906  

ORE2 Using the innovative, environmental-friendly technologies to save energy 0.885  

OME1 Cooperating with customers and/or clients for green innovation management 0.875  

OME2 Cooperating with stakeholders to support strategic eco-innovation development 0.841  

Social Development (SSD) 
Cronbach’s alpha: 0.934; Dijkstra-Henseler’s rho (ρA): 0.935; CRI (ρc): 0.948; AVE: 0.753; Q2: 0.533 

SSD1 
Contribuye a la reducción y/o erradicación del nivel de pobreza de la sociedad donde se 
localiza la empresa. 

0.843 0.489 

SSD2 
Contribuye a la mejora de la calidad de la educación, la seguridad social, vivienda y otros 
aspectos del bienestar de la comunidad donde se localiza la empresa. 

0.853 0.486 

SSD3 
Contribuye a la mejora de la calidad de la interacción, el compromiso y la capacitación de 
la sociedad de la comunidad donde localiza la empresa. 

0.843 0.526 

SSD4 Tiene una política de igualdad de oportunidades para todos los géneros de su personal 0.860 0.555 

SDD5 Tiene una política de desarrollo intelectual y de habilidades de su personal 0.916 0.582 

SSD6 Tiene una política de diálogo social con todo su personal 0.887 0.561 

Environmental Development (MSD) 
Cronbach’s Alpha: 0.900; Dijkstra-Henseler’s rho (ρA): 0.902; CRI (ρc): 0.923; AVE: 0.667; Q2: 0.499 

MSD1 Contribuye en la reducción del nivel de contaminación que afecta el medioambiente 0.802 0.499 

MSD2 Contribuye en la reducción de los efectos de la industrialización y la actividad humana 0.755 0.429 

MSD3 Contribuye en el uso adecuado de los recursos para preservarlos a futuras generaciones 0.801 0.470 

MSD4 Tiene una política de eficiencia y uso adecuado de la energía, y de energías renovables 0.828 0.478 

MSD5 Tiene una política de gestión de las emisiones y desechos generados en la empresa 0.861 0.560 

MSD6 Tiene una política de reducción de las emisiones de su transporte 0.850 0.559 

Economic Development (ESD) 
Cronbach’s Alpha: 0.909; Dijkstra-Henseler’s rho (ρA): 0.912; CRI (ρc): 0.930; AVE: 0.690; Q2: 0.516 

ESD1 Contribuye a la reducción y/o erradicación de los ingresos de pobreza de su personal 0.808 0.533 
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Continued 

ESD2 Contribuye en el incremento del bienestar económico de su personal 0.752 0.409 

ESD3 Tiene una política inversión y remuneración para su personal 0.828 0.494 

ESD4 Tiene una política de desarrollo de su personal 0.853 0.527 

ESD5 Tiene una política de gestión de la calidad y eficiencia de vida de su personal 0.864 0.551 

ESD6 Tiene una política de anticorrupción de todo se personal 0.872 0.581 

Firm Performance (FPE) 
Cronbach’s Alpha: 0.900; Dijkstra-Henseler’s rho (ρA): 0.901; CRI (ρc): 0.923; AVE: 0.666; Q2: 0.120 

FPE1 Ha reducido significativamente los accidentes medioambientales 0.791 0.123 

FPE2 Ha reducido significativamente los costos del consumo de energía 0.794 0.147 

FPE3 Ha disminuido significativamente el tratamiento de residuos 0.822 0.109 

FPE4 Ha disminuido significativamente las multas por accidentes medioambientales 0.850 0.122 

FPE5 Participa activamente en la mejora del bienestar de la comunidad 0.815 0.106 

FPE6 Participa activamente en la protección de los derechos humanos y de sus trabajadores 0.825 0.111 

Notes: CRI: Composite Reliability Index; AVE: Averaged Variance Extracted. 
 

The value of the factor loads of each of the items, Cronbach’s Alpha, Dijkstra-
Henseler rho, and CRI are higher than the value of 0.7, as well as the values of 
AVE are higher than the value of 0.5 recommended by Hair et al. (2019), which 
indicates that the items are measuring each of their constructs. Further, we as-
sessed the predictive ability by using the blindfolding procedure in SmartPLS in 
order to check that cross-validated communalities and redundancies Q2 are supe-
rior to 0 (Tenenhaus et al., 2005). 

5. Results 

In order to answer each of the four questions posed in this study, a structural 
equation model was applied through partial least squares (PLS-SEM) with the use 
of SmartPLS 3.3 software (Ringle et al., 2015), since PLS-SEM is commonly used 
in a variety of knowledge disciplines (Hair et al., 2012; Ringle et al., 2012; Sarstedt 
et al., 2014; do Valle & Assaker, 2015; Richter et al., 2015), as well as in theories 
that are poorly developed (Hair et al., 2019). Additionally, the use of PLS-SEM is 
essential when the objective sought in the application of the structural equation 
model is the prediction and explanation of the key constructs of the research 
model (Rigdon, 2012). In addition, the use of compounds in PLS-SEM, as a 
weighted combination of their indicators, facilitates the explanation of the meas-
urement error of the constructs, which allows this method to be more powerful 
than multiple regression (Hair et al., 2019). 

5.1. Reliability and Validity of the Measurement Model 

The evaluation of the reliability and validity of the measurement scales of open 
eco-innovation, sustainable development, and firm performance, was carried out 
through Cronbach’s Alpha, Composite Reliability Index (CRI), Dijkstra-Henseler 
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rho, and Average Variance Extracted (AVE) (Hair et al., 2019). Additionally, the 
discriminant validity of the three measurement scales was evaluated through For-
nell and Larcker Criterion and Heterotrait-Monotrait (HTMT) ratio (Henseler et 
al., 2015; Hair et al., 2019). The results obtained from PLS-SEM are shown in Ta-
ble 2, and indicate that Cronbach’s Alpha has values ranging between 0.900 and 
0.942, CRI has values ranging between 0.923 and 0.954, Dijkstra-Henseler rho has 
values ranging between 0.901 and 0.947, which indicates that they are good values 
and are above the 0.7 value recommended by Bagozzi and Yi (1988), and Hair et 
al. (2019), while AVE has values that range between 0.666 and 0.776, which are 
above the 0.5 value recommended by Fornell and Larcker (1981), and Bagozzi and 
Yi (1988). 

 
Table 2. Measurement model. Reliability, validity and discriminant validity. 

PANEL A. Reliability and Validity 

Variables 
Cronbach’s 

Alpha 
CRI 

Dijkstra-
Henseler rho 

EVI 

Open Eco-innovation 0.942 0.954 0.947 0.776 

Sustainable Development 0.914 0.933 0.916 0.703 

Firm Performance 0.900 0.923 0.901 0.666 

PANEL B. Fornell-Larcker Criterio 
Heterotrait-Monotrait ratio 

(HTMT) 

Variables 1 2 3 1 2 3 

1. Open Eco-innovation       

2. Sustainable Development 0.868      

3. Firm Performance 0.393 0.408  0.230 0.429  

Notes: OEI: Open Eco-innovation; SDE: Sustainable Development; FPE: Firm Perfor-
mance. PANEL B: Fornell-Larcker Criterion: Diagonal elements (bold) are the square root 
of the variance shared between the constructs and their measures (AVE). For discriminant 
validity, diagonal elements should be larger than off-diagonal elements. 

 
Regarding discriminant validity, the results obtained from PLS-SEM are pre-

sented in Table 2 and indicate that Fornell and Larcker Criterion is significant, 
since the values of AVE are greater than the square of the correlations between 
each pair of constructs. For its part, HTMT is an estimator of the correlation be-
tween each pair of factors if it were measured perfectly, which should have a value 
greater than 0.08 to be significant (Henseler et al., 2015). The results obtained in 
this study show that the values obtained from HTMT range between 0.175 and 
0.812, which are higher than the recommended value of 0.08, thus indicating the 
existence of discriminant validity of open eco-innovation measurement, sustain-
able development, and firm performance scales. 

5.2. Structural Model 

The estimation of the research model was carried out through the application of 
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PLS-SEM, whose results show acceptable statistical levels by obtaining an R2 
greater than 0.1, a VIF value less than 3.0, and positive Q2 values (Reinartz et al., 
2009; Hair et al., 2011; Henseler et al., 2014; Hair et al., 2019). Additionally, the 
results obtained indicate that the value of SRMR (0.036) is below the value of 0.08 
recommended by Hu and Bentler (1998), the values of geodetic discrepancy (dG) 
and unweighted least squares discrepancy (dULS) (0.245 and 1.489, respectively), 
are lower than HI99 values, which allows verifying the significance of the research 
model (Dijkstra & Henseler, 2015). In general terms, the results obtained from 
PLS-SEM allow us to establish that open eco-innovation (0.145; p-value 0.006), 
has significant positive effects on firm performance of manufacturing companies. 

These results obtained provide robust empirical evidence in favor of hypothesis 
H1, which allows establishing that the adoption and implementation of open eco-
innovation practices generates a higher level of firm performance in manufactur-
ing companies, and are consistent with the results obtained by Doran and Ryan 
(2016), Franceschelli et al. (2018), Avellaneda-Rivera et al. (2019), and Rossi et al. 
(2019), who found a significant positive relationship between open eco-innova-
tion practices and firm performance. Table 3, presented below, shows the results 
obtained in greater detail. 

 
Table 3. Structural model. 

Paths 
Path  

(t-value; p-value) 
95% Confidence 

Interval 
f2 Support 

OEI → FPE (H1) 0.145 (2.731; 0.006) [0.040 - 0.247] 0.029 Yes 

OEI → SDE (H2) 0.196 (3.077; 0.002) [0.071 - 0.317] 0.045 Yes 

SDE → FPE (H3) 0.384 (6.536; 0.000) [0.256 -0.485] 0.183 Yes 

Indirect Effects 

OEI → SDE → FPE (H4) 0.170 (3.018; 0.003) [0.061 - 0.280] 0.032 Yes 

Endogenous variable Adjusted R2 
Model Fit Value HI99 

SRMR 0.036 0.043 

SDE 0.115 dULS 1.489 2.205 

FPE 0.134 dG 0.245 0.301 

  NFI 0.879  

  rms Theta 0.169  

Note: PEI: Open Eco-innovation; PRE: SPE: Sustainable Development; FPE: Firm Perfor-
mance. One-tailed t-values and p-values in parentheses; bootstrapping 95% confidence in-
tervals (based on n = 5000 subsamples) SRMR: standardized root mean squared residual; 
dULS: unweighted least squares discrepancy; dG: geodesic discrepancy; NFI: normal fit in-
dex; HI99: bootstrap-based 99% percentiles. 

 
Additionally, the results obtained and presented in Table 3 also allow us to ver-

ify that open eco-innovation (0.196; p-value 0.002), has significant positive effects 
on sustainable development practices, which provides robust empirical evidence 
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in favor of hypothesis H2, thus allowing to establish that open eco-innovation 
generates an increase in sustainable development practices of manufacturing 
firms, these results being consistent with those obtained by Ghisetti et al. (2015), 
Triguero et al. (2018), Khan et al. (2019), Yang and Roh (2019), and Naruetha-
radhol et al. (2020), who found that open eco-innovation has a significant positive 
relationship with sustainable development. 

In addition, the results obtained verify that sustainable development practices 
(0.384; p-value 0.000), have a significant positive effect on firm performance of 
manufacturing firms, thereby providing robust empirical evidence in favor of hy-
pothesis H3, these results being consistent with those found by Tarmuji et al. 
(2016), Yusof et al. (2016), Ferrero-Ferrero et al. (2016), and Arrive et al. (2019), 
who suggested that sustainable development practices have a significant positive 
effect on the level of firm performance of manufacturing companies. Finally, re-
garding the mediation effects exerted by sustainable development practices be-
tween open eco-innovation and firm performance, the results obtained establish 
a positive indirect effect that generates a mediating influence of the effects exerted 
by open eco-innovation in the level of firm performance of manufacturing com-
panies. 

In Table 3, it can be seen that the mediating effects generated by sustainable 
development practices (0.170; p-value 0.003), are significant in the relationship 
between eco-innovation and firm performance, which provides empirical evi-
dence robust in favor of hypothesis H4, these results being consistent with those 
obtained by Calza et al. (2017), Hamdoun et al. (2018), Khan et al. (2019), Arrive 
et al. (2019), and Naruetharadhol et al. (2021), who found that an important part 
of open eco-innovation practices is transferred to the firm performance of manu-
facturing companies, through the essential role that sustainable development 
practices have, which allows concluding that sustainable development can be con-
sidered as an explanatory variable of the relationship between open eco-innova-
tion and firm performance of manufacturing companies. 

6. Conclusions, Discussion, Limitations and Future Research 
6.1. Conclusions 

The results obtained in this study allow us to conclude on three fundamental as-
pects. First conclusion being that the research model used, on the one hand, shows 
high internal consistency by having a significant positive correlation between 
open eco-innovation practices, sustainable development practices, and firm per-
formance, which allowed the acceptance of four established hypotheses and, on 
the other hand, offers a holistic view of the main types of open eco-innovation, of 
the essential indicators of sustainable development practices and of the most cited 
firm performance in the literature. Additionally, most of the studies published in 
the literature that analyze the relationship between open eco-innovation, sustain-
able development, and firm performance have been oriented towards a biblio-
metric review, which from our point of view do not have an empirical contribu-
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tion substantial, for which this study provides robust empirical evidence and new 
knowledge in favor of the relationship between these important constructs. 

Second conclusion is that the results obtained in this empirical study demon-
strate the existence of a strong relationship between open eco-innovation, sustain-
able development practices, and firm performance of manufacturing companies. 
Therefore, it is possible to establish that open eco-innovation not only substan-
tially improve sustainable development practices of manufacturing companies, 
but also their level of firm performance, these results being consistent with those 
obtained in studies published with earlier in the innovation literature, particularly 
with those that relate open eco-innovation with sustainable development practices 
(Fernández, 2019; Pereira et al., 2020; Chistov et al., 2021), and in studies that 
relate open eco-innovation and firm performance (González-Moreno et al., 2019; 
Chistov et al., 2021; Sanni & Verdolini, 2022). 

Third conclusion derived from the results obtained in this study is the contri-
bution of robust empirical evidence and new knowledge, which demonstrates that 
sustainable development practices can be considered as a mediating role in the 
relationship between open eco-innovation and firm performance. Therefore, it is 
possible to establish that sustainable development practices help manufacturing 
companies to obtain a higher level of firm performance, when they act as a medi-
ation role between open eco-innovation and firm performance, than when they 
are directly related open eco-innovation and firm performance. These results are 
consistent with previously published empirical studies (e.g. Ghisetti et al., 2015; 
López et al., 2021; Triguero et al., 2018; Yang & Roh, 2019), who established the 
lack of empirical evidence of sustainable development practices when it intervenes 
as a mediating variable in the relationship between open eco-innovation and firm 
performance, in the sense of substantially reducing negative impacts on the envi-
ronment. 

6.2. Practical Implications 

The results obtained in this empirical study have different implications, both for 
managers of manufacturing companies and for government authorities, which are 
important to consider. First of all, it was found that open eco-innovation is a rel-
atively recent concept in the eco-innovation literature, which has experienced 
rapid growth in the number of articles published since 2010. However, the few 
empirical studies previously published studies do not offer a holistic view of open 
eco-innovation practices (Chistov et al., 2021), which is why this study, by incor-
porating a research model that considers the three most cited types of open eco-
innovation in literature (products eco-innovation, processes eco-innovation, 
management eco-innovation), as well as the three most cited practices in the lit-
erature on sustainable development (social sustainability, environmental sustain-
ability, economic sustainability), and their relationship with firm performance 
level, provides a holistic point of view that explains the interrelationship between 
open eco-innovation, sustainable development, and firm performance. 
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In this context, open eco-innovation is a concept that is open to discussion in 
the innovation literature, in which more and more researchers and academics are 
contributing to its exploration and conceptualization. Therefore, even though the 
number of scientific studies published in the innovation literature has increased, 
there are relatively few studies that have provided empirical evidence of the im-
portance and benefits generated by eco-innovation in manufacturing firms glob-
ally, hence the importance of this empirical study. The results obtained in this 
empirical study are consistent with those found by Melander (2017), Fernández 
(2019), Pereira et al. (2021), and Naruetharadhol et al. (2021), and expand the 
existing knowledge in the literature, providing empirical evidence in favor of a 
positive and significant relationship between open eco-innovation activities, sus-
tainable development practices and the level of firm performance of manufactur-
ing companies. 

Additionally, despite the scant literature, open eco-innovation has great poten-
tial as a new research topic, which obviously requires both researchers and aca-
demics to focus their future studies on the development of research models that 
provide theoretical evidence and empirical of the benefits and changes that it en-
tails. However, it is considered that this empirical study provides robust empirical 
evidence that can help the scientific and academic community to differentiate be-
tween the different manifestations and perspectives existing in the literature of 
open eco-innovation activities, all of which are part of the same concept, and we 
believe that this empirical study can inspire other authors to guide their efforts in 
the analysis and discussion of open eco-innovation and its relationship with oth-
ers or the same constructs, and in various sectors or industries of the activity. 
economy, mainly in emerging economy countries. 

Secondly, empirical evidence has been provided in the literature showing that 
open eco-innovation substantially increases firm performance, but there are also 
other published studies that have found a negative relationship, and other studies 
that have not found any relationship (Chistov et al., 2021). Therefore, Naruetha-
radhol et al. (2021) considered that it is necessary to provide more theoretical and 
empirical evidence of the relationship between both constructs, for which open 
eco-innovation is in an embryonic phase. In this sense, the results provided by the 
studies previously published in the innovation literature can be considered as in-
conclusive and open to discussion, for which researchers and academics will have 
to guide their future studies in the contribution of empirical evidence and an im-
plementation practice, of the effects exerted by open eco-innovation activities in 
manufacturing companies. 

Third, the relationship between open eco-innovation and sustainable develop-
ment practices suggests that open eco-innovation activities do not necessarily 
have to equally affect social, environmental, and economic sustainability (the 
three practices of sustainable development most studied in the literature), since 
manufacturing companies are generally considered to have different environmen-
tal goals and objectives. Therefore, future research will need to focus on identify-
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ing the main determinants of open eco-innovation in each of the three sustainable 
development practices, both separately and together, and how these open eco-in-
novation activities affect the adoption and implementation of sustainable devel-
opment practices, not only in manufacturing companies in a particular sector or 
industry, but in any company in any sector and industry globally. 

Fourth, empirical evidence has also been provided in the innovation literature 
showing that two of the three most cited sustainable development practices (social 
sustainability and environmental sustainability), are the ones that have a signifi-
cant positive influence on firm performance of manufacturing companies. How-
ever, the results obtained in this study show that the three practices of sustainable 
development (social, environmental, and economic sustainability), can stimulate 
the level of firm performance when they act together and not separately, which is 
why it is established in the literature that sustainability practices can be considered 
as a phenomenon that helps companies increase firm performance (Velte, 2016; 
Bodhanwala & Bodhanwala, 2018; Alsayegh et al., 2020), for which it has to be 
analyzed in future studies (Miralles-Queirós et al., 2019). 

Finally, in fifth place, there are studies published in the current literature on 
innovation that have essentially focused on a bibliometric review of the construct 
of open eco-innovation, leaving aside the contribution of empirical evidence of 
the effects between the activities of open eco-innovation and sustainable develop-
ment practices and firm performance level. Therefore, this empirical study en-
riches the innovation literature by providing robust empirical evidence, which 
shows that the adoption and implementation of open eco-innovation (eco-inno-
vation of products, processes, and management), is not only important for man-
ufacturing companies to improve both sustainable development practices and 
firm performance, but also the fundamental role played by the three practices of 
sustainable development (social, environmental, and economic), as a mediating 
role that substantially improves the level of firm performance of manufacturing 
firms. 

6.3. Research Limitations and Future Research 

This empirical study has several limitations that are important to consider when 
performing the interpretation and implications of the results obtained. The first 
limitation is the use of the measurement scales of open eco-innovation, sustaina-
ble development practices, and firm performance, since these three important var-
iables were measured only with subjective indicators obtained through surveys 
(subjective data) in manufacturing companies. Therefore, in future studies it will 
be essential to incorporate objective data from manufacturing companies (e.g. 
number of eco-products developed, percentage of materials reused in the produc-
tion of eco-products, percentage of industrial waste reused, financial and account-
ing statements, investments in R&D), in order to verify if the results obtained are 
similar to those of this study. 

A second limitation of this study is that the relationship between the three es-
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sential activities of open eco-innovation (eco-innovation in products, processes 
and management), and the level of firm performance of manufacturing compa-
nies, possibly generates better results if instead of considering the individual prac-
tices of sustainable development (social, environmental, and economic sustaina-
bility), other variables that moderate the effects are considered, such as the par-
ticular characteristics of the companies (e.g. size, age, sector of economic activity, 
location of the company, technological development). Therefore, in future studies 
it would be pertinent to use some other variables that moderate the effects of open 
eco-innovation on firm performance of manufacturing companies, with the in-
tention of corroborating whether the results obtained differ or not from those ob-
tained in this studio. A third limitation of this study is that only the three types of 
open eco-innovation practices most cited in the innovation literature were con-
sidered (product eco-innovation, process eco-innovation, and management eco-
innovation), the three most cited sustainable development practices in the litera-
ture (environmental sustainability, social sustainability, and economic sustaina-
bility). Therefore, in future studies it would be pertinent to consider other types 
of open eco-innovation activities (e.g. marketing, technology, systems), and other 
sustainable development practices (e.g. green strategies, environmental manage-
ment, ISO 14,000 certifications), with the purpose of corroborating whether the 
results obtained are similar or not to those obtained in this work. 

A fourth limitation is that this research focuses on the factors most used by the 
academic community, leaving out factors such as: 1) Combination of market 
knowledge sources; 2) Collaboration with universities and research centers; 3) 
Ethical factors and sustainability; 4) Frugal innovation. These factors are part of 
open eco-innovation but have not been thoroughly investigated by the academic 
community. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this paper. 

References 
Adger, W. N., & Jordan, A. (2009). Sustainability: Exploring the Processes and Outcomes 

of Governance. In W. N. Adger, & A. Jordan (Eds.), Governing Sustainability (pp. 3-31). 
Cambridge University Press. https://doi.org/10.1017/cbo9780511807756.003 

Alareeni, B. A., & Hamdan, A. (2020). ESG Impact on Performance of US S&P 500-Listed 
Firms. Corporate Governance: The International Journal of Business in Society, 20, 
1409-1428. https://doi.org/10.1108/cg-06-2020-0258 

Albuquerque, R. A., Durnev, A., & Koskinen, Y. (2012). Corporate Social Responsibility 
and Asset Pricing in Industry Equilibrium. SSRN Electronic Journal.  
https://doi.org/10.2139/ssrn.2119557 

Albuquerque, R., Koskinen, Y., & Zhang, C. (2019). Corporate Social Responsibility and 
Firm Risk: Theory and Empirical Evidence. Management Science, 65, 4451-4469.  
https://doi.org/10.1287/mnsc.2018.3043 

Alsayegh, M. F., Abdul Rahman, R., & Homayoun, S. (2020). Corporate Economic, Envi-

https://doi.org/10.4236/ojbm.2025.134143
https://doi.org/10.1017/cbo9780511807756.003
https://doi.org/10.1108/cg-06-2020-0258
https://doi.org/10.2139/ssrn.2119557
https://doi.org/10.1287/mnsc.2018.3043


G. Maldonado-Guzmán et al. 
 

 

DOI: 10.4236/ojbm.2025.134143 2706 Open Journal of Business and Management 
 

ronmental, and Social Sustainability Performance Transformation through ESG Disclo-
sure. Sustainability, 12, Article No. 3910. https://doi.org/10.3390/su12093910 

Arrive, T. J., Feng, M., Yan, Y., & Chege, S. M. (2019). The Involvement of Telecommuni-
cation Industry in the Road to Corporate Sustainability and Corporate Social Responsi-
bility Commitment. Corporate Social Responsibility and Environmental Management, 
26, 152-158. https://doi.org/10.1002/csr.1667 

Arvidsson, S. (2014). Corporate Social Responsibility and Stock Market Actors: A Compre-
hensive Study. Social Responsibility Journal, 10, 210-225.  
https://doi.org/10.1108/srj-08-2012-0099 

Avellaneda-Rivera, L. M., Sáez-Martínez, F. J., & González-Moreno, Á. (2019). Open and 
Eco-Innovations in Traditional Industries. In C. M. Galanakis (Ed.), Innovation Strate-
gies in Environmental Science (pp. 145-178). Elsevier.  
https://doi.org/10.1016/b978-0-12-817382-4.00005-8 

Bag, S. (2014). Impact of Sustainable Supply Chain Management on Organizational Per-
formance: Mediating Effects of Leadership. Indian Journal of Management Science, 4, 
10-25. 

Bagozzi, R. P., & Yi, Y. (1988). On the Evaluation of Structural Equation Models. Journal 
of the Academy of Marketing Science, 16, 74-94. https://doi.org/10.1007/bf02723327 

Ben Amara, D., & Chen, H. (2020). Investigating the Effect of Multidimensional Network 
Capability and Eco-Innovation Orientation for Sustainable Performance. Clean Tech-
nologies and Environmental Policy, 22, 1297-1309.  
https://doi.org/10.1007/s10098-020-01871-6 

Bodhanwala, S., & Bodhanwala, R. (2018). Does Corporate Sustainability Impact Firm 
Profitability? Evidence from India. Management Decision, 56.  

Bogers, M., Chesbrough, H., & Strand, R. (2020). Sustainable Open Innovation to Address 
a Grand Challenge. British Food Journal, 122, 1505-1517.  
https://doi.org/10.1108/bfj-07-2019-0534 

Broadstock, D. C., Chan, K., Cheng, L. T. W., & Wang, X. (2020). The Role of ESG Perfor-
mance during Times of Financial Crisis: Evidence from COVID-19 in China. Finance 
Research Letters, 38, Article ID: 101716. https://doi.org/10.1016/j.frl.2020.101716 

Buallay, A. (2019). Is Sustainability Reporting (ESG) Associated with Performance? Evi-
dence from the European Banking Sector. Management of Environmental Quality: An 
International Journal, 30, 98-115. https://doi.org/10.1108/meq-12-2017-0149 

Calza, F., Parmentola, A., & Tutore, I. (2017). Types of Green Innovations: Ways of Imple-
mentation in a Non-Green Industry. Sustainability, 9, Article No. 1301.  
https://doi.org/10.3390/su9081301 

Chiou, T., Chan, H. K., Lettice, F., & Chung, S. H. (2011). The Influence of Greening the 
Suppliers and Green Innovation on Environmental Performance and Competitive Ad-
vantage in Taiwan Region. Transportation Research Part E: Logistics and Transportation 
Review, 47, 822-836. https://doi.org/10.1016/j.tre.2011.05.016 

Chistov, V., Aramburu, N., & Carrillo-Hermosilla, J. (2021). Open Eco-Innovation: A Bib-
liometric Review of Emerging Research. Journal of Cleaner Production, 311, Article ID: 
127627. https://doi.org/10.1016/j.jclepro.2021.127627 

De Marchi, V. (2012a). Cooperation toward Environmental Innovation: An Empirical In-
vestigation. SSRN Electronic Journal, 28, 1-13. 

De Marchi, V. (2012b). Environmental Innovation and R&D Cooperation: Empirical Evi-
dence from Spanish Manufacturing Firms. Research Policy, 41, 614-623.  
https://doi.org/10.1016/j.respol.2011.10.002 

https://doi.org/10.4236/ojbm.2025.134143
https://doi.org/10.3390/su12093910
https://doi.org/10.1002/csr.1667
https://doi.org/10.1108/srj-08-2012-0099
https://doi.org/10.1016/b978-0-12-817382-4.00005-8
https://doi.org/10.1007/bf02723327
https://doi.org/10.1007/s10098-020-01871-6
https://doi.org/10.1108/bfj-07-2019-0534
https://doi.org/10.1016/j.frl.2020.101716
https://doi.org/10.1108/meq-12-2017-0149
https://doi.org/10.3390/su9081301
https://doi.org/10.1016/j.tre.2011.05.016
https://doi.org/10.1016/j.jclepro.2021.127627
https://doi.org/10.1016/j.respol.2011.10.002


G. Maldonado-Guzmán et al. 
 

 

DOI: 10.4236/ojbm.2025.134143 2707 Open Journal of Business and Management 
 

Dijkstra, T. K., & Henseler, J. (2015). Consistent Partial Least Squares Path Modeling. MIS 
Quarterly, 39, 297-316. https://doi.org/10.25300/misq/2015/39.2.02 

do Valle, P. O., & Assaker, G. (2015). Using Partial Least Squares Structural Equation Mod-
eling in Tourism Research: A Review of Past Research and Recommendations for Future 
Applications. Journal of Travel Research, 55, 695-708.  
https://doi.org/10.1177/0047287515569779 

Doran, J., & Ryan, G. (2016). The Importance of the Diverse Drivers and Types of Envi-
ronmental Innovation for Firm Performance. Business Strategy and the Environment, 
25, 102-119. https://doi.org/10.1002/bse.1860 

Eliwa, Y., Aboud, A., & Saleh, A. (2019). ESG Practices and the Cost of Debt: Evidence from 
EU Countries. Critical Perspectives on Accounting, 79, Article ID: 102097.  
https://doi.org/10.1016/j.cpa.2019.102097 

Escoubès, F. (1996). Gaining Competitive Advantage through Environmental Manage-
ment. Eco-Management and Auditing, 3, 76-81.  
https://doi.org/10.1002/(sici)1099-0925(199607)3:2<76::aid-ema43>3.0.co;2-p 

Fabrizi, A., Guarini, G., & Meliciani, V. (2018). Green Patents, Regulatory Policies and Re-
search Network Policies. Research Policy, 47, 1018-1031.  
https://doi.org/10.1016/j.respol.2018.03.005 

Fauzi, H., Mahoney, L. S., & Rahman, A. A. (2007). The Link between Corporate Social 
Performance and Financial Performance: Evidence from Indonesian Companies. Issues 
in Social and Environmental Accounting, 1, 149-159.  
https://doi.org/10.22164/isea.v1i1.12 

Fernández, S. (2019). Open Innovation Collaboration and Sustainable Eco-Innovation: A 
Bibliometric Study. In A. Triguero, & A. González-Moreno (Eds.), Research on Open 
Innovation Strategies and Eco-Innovation in Agro-Food Industries (pp. 25-36). Char-
tridge Books. 

Ferrero-Ferrero, I., Fernández-Izquierdo, M., & Muñoz-Torres, M. (2016). The Effect of 
Environmental, Social and Governance Consistency on Economic Results. Sustainabil-
ity, 8, Article No. 1005. https://doi.org/10.3390/su8101005 

Fornell, C., & Larcker, D. F. (1981). Evaluating Structural Equation Models with Unobserv-
able Variables and Measurement Error. Journal of Marketing Research, 18, 39-50.  
https://doi.org/10.1177/002224378101800104 

Franceschelli, M. V., Santoro, G., & Candelo, E. (2018). Business Model Innovation for 
Sustainability: A Food Start-Up Case Study. British Food Journal, 120, 2483-2494.  
https://doi.org/10.1108/bfj-01-2018-0049 

Friede, G., Busch, T., & Bassen, A. (2015). ESG and Financial Performance: Aggregated 
Evidence from More than 2000 Empirical Studies. Journal of Sustainable Finance & In-
vestment, 5, 210-233. https://doi.org/10.1080/20430795.2015.1118917 

Garcia, A. S., Mendes-Da-Silva, W., & Orsato, R. J. (2017). Sensitive Industries Produce 
Better ESG Performance: Evidence from Emerging Markets. Journal of Cleaner Produc-
tion, 150, 135-147. https://doi.org/10.1016/j.jclepro.2017.02.180 

García-Granero, E. M., Piedra-Muñoz, L., & Galdeano-Gómez, E. (2018). Eco-Innovation 
Measurement: A Review of Firm Performance Indicators. Journal of Cleaner Production, 
191, 304-317. https://doi.org/10.1016/j.jclepro.2018.04.215 

Ghisetti, C., Marzucchi, A., & Montresor, S. (2015). The Open Eco-Innovation Mode. An 
Empirical Investigation of Eleven European Countries. Research Policy, 44, 1080-1093.  
https://doi.org/10.1016/j.respol.2014.12.001 

González-Moreno, Á., Triguero, Á., & Sáez-Martínez, F. J. (2019). Many or Trusted Part-

https://doi.org/10.4236/ojbm.2025.134143
https://doi.org/10.25300/misq/2015/39.2.02
https://doi.org/10.1177/0047287515569779
https://doi.org/10.1002/bse.1860
https://doi.org/10.1016/j.cpa.2019.102097
https://doi.org/10.1002/(sici)1099-0925(199607)3:2%3c76::aid-ema43%3e3.0.co;2-p
https://doi.org/10.1016/j.respol.2018.03.005
https://doi.org/10.22164/isea.v1i1.12
https://doi.org/10.3390/su8101005
https://doi.org/10.1177/002224378101800104
https://doi.org/10.1108/bfj-01-2018-0049
https://doi.org/10.1080/20430795.2015.1118917
https://doi.org/10.1016/j.jclepro.2017.02.180
https://doi.org/10.1016/j.jclepro.2018.04.215
https://doi.org/10.1016/j.respol.2014.12.001


G. Maldonado-Guzmán et al. 
 

 

DOI: 10.4236/ojbm.2025.134143 2708 Open Journal of Business and Management 
 

ners for Eco-Innovation? The Influence of Breadth and Depth of Firms’ Knowledge Net-
work in the Food Sector. Technological Forecasting and Social Change, 147, 51-62.  
https://doi.org/10.1016/j.techfore.2019.06.011 

Goswami, S. (2014). ICT: Sustainable Development. SCMS Journal of Indian Management, 
1, 125-133. 

Guo, H., Tang, J., Su, Z., & Katz, J. A. (2017). Opportunity Recognition and SME Perfor-
mance: The Mediating Effect of Business Model Innovation. R&D Management, 47, 431-
442. https://doi.org/10.1111/radm.12219 

Hair, J. F., Ringle, C. M., & Sarstedt, M. (2011). PLS-SEM: Indeed a Silver Bullet. Journal 
of Marketing Theory and Practice, 19, 139-152.  
https://doi.org/10.2753/mtp1069-6679190202 

Hair, J. F., Sarstedt, M., Ringle, C. M., & Mena, J. A. (2012). An Assessment of the Use of 
Partial Least Squares Structural Equation Modeling in Marketing Research. Journal of 
the Academy of Marketing Science, 40, 414-433.  
https://doi.org/10.1007/s11747-011-0261-6 

Hair, J., Hult, T., Ringle, C., Sarstedt, M., Castillo, J., Cepeda, G., & Roldan, J. (2019). Man-
ual de Partial Least Squares PLS-SEM. OmniaScience. 

Hamdoun, M., Chiappetta Jabbour, C. J., & Ben Othman, H. (2018). Knowledge Transfer 
and Organizational Innovation: Impacts of Quality and Environmental Management. 
Journal of Cleaner Production, 193, 759-770.  
https://doi.org/10.1016/j.jclepro.2018.05.031 

Henseler, J., Dijkstra, T. K., Sarstedt, M., Ringle, C. M., Diamantopoulos, A., Straub, D. W. 
et al. (2014). Common Beliefs and Reality about PLS. Organizational Research Methods, 
17, 182-209. https://doi.org/10.1177/1094428114526928 

Henseler, J., Ringle, C. M., & Sarstedt, M. (2015). A New Criterion for Assessing Discrimi-
nant Validity in Variance-Based Structural Equation Modeling. Journal of the Academy 
of Marketing Science, 43, 115-135. https://doi.org/10.1007/s11747-014-0403-8 

Hoepner, A. G. F., Oikonomou, I., Sautner, Z., Starks, L. T., & Zhou, X. (2019). ESG Share-
holder Engagement and Downside Risk. Working Paper, September 2019.  
https://ssrn.com/abstract=2874252  

Hu, L., & Bentler, P. M. (1998). Fit Indices in Covariance Structure Modeling: Sensitivity 
to Underparameterized Model Misspecification. Psychological Methods, 3, 424-453.  
https://doi.org/10.1037/1082-989x.3.4.424 

INEGI (2020). Censo Económico 2019. Instituo Nacional de Estadística y Geografía. 

Katsikeas, C. S., Leonidou, C. N., & Zeriti, A. (2016). Eco-Friendly Product Development 
Strategy: Antecedents, Outcomes, and Contingent Effects. Journal of the Academy of 
Marketing Science, 44, 660-684. https://doi.org/10.1007/s11747-015-0470-5 

Khan, P. A., Johl, S. K., & Ntin, C. G. (2019). Nexus of Comprehensive Green Innovation, 
Environmental Management System-14001-2015 and Firm Performance. Cogent Busi-
ness & Management, 6, 1-12. https://doi.org/10.1080/23311975.2019.1691833 

Kiefer, C. P., del Río, P., & Carrillo‐Hermosilla, J. (2021). On the Contribution of Eco‐
innovation Features to a Circular Economy: A Microlevel Quantitative Approach. Busi-
ness Strategy and the Environment, 30, 1531-1547. https://doi.org/10.1002/bse.2688 

Lee, K., & Min, B. (2015). Green R&D for Eco-Innovation and Its Impact on Carbon Emis-
sions and Firm Performance. Journal of Cleaner Production, 108, 534-542.  
https://doi.org/10.1016/j.jclepro.2015.05.114 

Lopes, F. C., & Carvalho, L. (2021). Intangible Assets and Business Performance in Latin 
America. RAUSP Management Journal, 56, 408-424.  

https://doi.org/10.4236/ojbm.2025.134143
https://doi.org/10.1016/j.techfore.2019.06.011
https://doi.org/10.1111/radm.12219
https://doi.org/10.2753/mtp1069-6679190202
https://doi.org/10.1007/s11747-011-0261-6
https://doi.org/10.1016/j.jclepro.2018.05.031
https://doi.org/10.1177/1094428114526928
https://doi.org/10.1007/s11747-014-0403-8
https://ssrn.com/abstract=2874252
https://doi.org/10.1037/1082-989x.3.4.424
https://doi.org/10.1007/s11747-015-0470-5
https://doi.org/10.1080/23311975.2019.1691833
https://doi.org/10.1002/bse.2688
https://doi.org/10.1016/j.jclepro.2015.05.114


G. Maldonado-Guzmán et al. 
 

 

DOI: 10.4236/ojbm.2025.134143 2709 Open Journal of Business and Management 
 

Lourenço, I. C., Branco, M. C., Curto, J. D., & Eugénio, T. (2012). How Does the Market 
Value Corporate Sustainability Performance? Journal of Business Ethics, 108, 417-428.  
https://doi.org/10.1007/s10551-011-1102-8 

Lun, Y. H. V., Lai, K., Wong, C. W. Y., & Cheng, T. C. E. (2016). Green Management Prac-
tices. In Y. H. V. Lun, K. Lai, C. W. Y. Wong, & T. C. E. Cheng (Eds.), Green Shipping 
Management (pp. 45-59). Springer International Publishing.  
https://doi.org/10.1007/978-3-319-26482-0_4 

Melander, L. (2017). Achieving Sustainable Development by Collaborating in Green Prod-
uct Innovation. Business Strategy and the Environment, 26, 1095-1109.  
https://doi.org/10.1002/bse.1970 

Miralles-Quirós, M. M., Miralles-Quirós, J. L., & Redondo‐Hernández, J. (2019). The Im-
pact of Environmental, Social, and Governance Performance on Stock Prices: Evidence 
from the Banking Industry. Corporate Social Responsibility and Environmental Man-
agement, 26, 1446-1456.  

Molina-Azorín, J. F., Tarí, J. J., Pereira-Moliner, J., López-Gamero, M. D., & Pertusa-Or-
tega, E. M. (2015). The Effects of Quality and Environmental Management on Compet-
itive Advantage: A Mixed Methods Study in the Hotel Industry. Tourism Management, 
50, 41-54. https://doi.org/10.1016/j.tourman.2015.01.008 

Mothe, C., & Nguyen-Thi, U. T. (2017). Persistent Openness and Environmental Innova-
tion: An Empirical Analysis of French Manufacturing Firms. Journal of Cleaner Produc-
tion, 162, S59-S69. https://doi.org/10.1016/j.jclepro.2016.12.063 

Naruetharadhol, P., Srisathan, W. A., & Ketkaew, C. (2020). The Effect of Open Innovation 
on Small Firms’ Propensity for Inbound and Outbound Open Innovation Practices. 
Frontiers in Artificial Intelligence and Applications, 329, 30-40. 

Naruetharadhol, P., Srisathan, W. A., Gebsombut, N., & Ketkaew, C. (2021). Towards the 
Open Eco-Innovation Mode: A Model of Open Innovation and Green Management 
Practices. Cogent Business & Management, 8, 1-29.  
https://doi.org/10.1080/23311975.2021.1945425 

Nasrallah, N., & El Khoury, R. (2021). Is Corporate Governance a Good Predictor of SMEs 
Financial Performance? Evidence from Developing Countries (the Case of Lebanon). 
Journal of Sustainable Finance & Investment, 12, 13-43.  
https://doi.org/10.1080/20430795.2021.1874213 

Orlitzky, M., Schmidt, F. L., & Rynes, S. L. (2003). Corporate Social and Financial Perfor-
mance: A Meta-Analysis. Organization Studies, 24, 403-441.  
https://doi.org/10.1177/0170840603024003910 

Peng, C., & Yang, M. (2014). The Effect of Corporate Social Performance on Financial Per-
formance: The Moderating Effect of Ownership Concentration. Journal of Business Eth-
ics, 123, 171-182. https://doi.org/10.1007/s10551-013-1809-9 

Pereira, L., Asrar, G. R., Bhargava, R. et al. (2021). Grounding Global Environmental As-
sessments through Bottom-Up Futures Based on Local Practices and Perspectives. Sus-
tainability Science, 16, 1907-1922.  

Pereira, R. M., MacLennan, M. L. F., & Tiago, E. F. (2020). Interorganizational Cooperation 
and Eco-Innovation: A Literature Review. International Journal of Innovation Science, 
12, 477-493. https://doi.org/10.1108/ijis-01-2020-0008 

Perl-Vorbach, E., Rauter, R., & Baumgartner, R. J. (2014). Open Innovation in the Context 
of Sustainable Innovation: Findings Based on a Literature Review. In 9th International 
Symposium on Sustainable Leadership (pp. 169-181). Symposium. 

Rahi, A. F., Akter, R., & Johansson, J. (2022). Do Sustainability Practices Influence Finan-

https://doi.org/10.4236/ojbm.2025.134143
https://doi.org/10.1007/s10551-011-1102-8
https://doi.org/10.1007/978-3-319-26482-0_4
https://doi.org/10.1002/bse.1970
https://doi.org/10.1016/j.tourman.2015.01.008
https://doi.org/10.1016/j.jclepro.2016.12.063
https://doi.org/10.1080/23311975.2021.1945425
https://doi.org/10.1080/20430795.2021.1874213
https://doi.org/10.1177/0170840603024003910
https://doi.org/10.1007/s10551-013-1809-9
https://doi.org/10.1108/ijis-01-2020-0008


G. Maldonado-Guzmán et al. 
 

 

DOI: 10.4236/ojbm.2025.134143 2710 Open Journal of Business and Management 
 

cial Performance? Evidence from the Nordic Financial Industry. Accounting Research 
Journal, 35, 292-314. https://doi.org/10.1108/arj-12-2020-0373 

Rauter, R., Baumgartner, R.J., & Perl-Vorbach, E. (2017). Is Open Innovation Supporting 
Sustainable Innovation? Findings Based on a Systematic, Explorative Analysis of Exist-
ing Literature. International Journal of Innovation and Sustainable Development, 11, 
249-260. https://doi.org/10.1504/ijisd.2017.083289 

Reinartz, W., Haenlein, M., & Henseler, J. (2009). An Empirical Comparison of the Efficacy 
of Covariance-Based and Variance-Based Sem. International Journal of Research in 
Marketing, 26, 332-344. https://doi.org/10.1016/j.ijresmar.2009.08.001 

Revelli, C., & Viviani, J. (2015). Financial Performance of Socially Responsible Investing 
(SRI): What Have We Learned? A Meta‐Analysis. Business Ethics: A European Review, 
24, 158-185. https://doi.org/10.1111/beer.12076 

Richter, N., Cepeda-Carrion, G., Roldán, J., & Ringle, C. (2015). European Management 
Research Using Partial Least Squares Structural Equation Modeling (PLS-SEM). Euro-
pean Management Journal, 33.  

Rigdon, E. E. (2012). Rethinking Partial Least Squares Path Modeling: In Praise of Simple 
Methods. Long Range Planning, 45, 341-358. https://doi.org/10.1016/j.lrp.2012.09.010 

Ringle, C. M., Sarstedt, M., & Straub, D. W. (2012). A Critical Look at the Use of PLS-SEM 
in “MIS Quarterly”. MIS Quarterly, 36, 3-14. https://doi.org/10.2307/41410402 

Ringle, C. M., Wende, S., & Becker, J. M. (2015). SmartPLS 3 (Computer Software).  
http://www.smartpls.com  

Rossi, M., Festa, G., Papa, A., & Scorrano, P. (2019). Corporate Venture Capitalists’ Ambi-
dexterity: Myth or Truth? IEEE Transactions on Engineering Management, 68, 430-441.  
https://doi.org/10.1109/tem.2019.2903984 

Rowley, T., & Berman, S. (2000). A Brand New Brand of Corporate Social Performance. 
Business & Society, 39, 397-418. https://doi.org/10.1177/000765030003900404 

Russo Spena, T., & Di Paola, N. (2020). Moving beyond the Tensions in Open Environ-
mental Innovation towards a Holistic Perspective. Business Strategy and the Environ-
ment, 29, 1961-1974. https://doi.org/10.1002/bse.2481 

Sáez-Martínez, F. J., Díaz-García, C., & González-Moreno, A. (2016). Firm Technological 
Trajectory as a Driver of Eco-Innovation in Young Small and Medium-Sized Enterprises. 
Journal of Cleaner Production, 138, 1-10. 

Salama, A. (2005). A Note on the Impact of Environmental Performance on Financial Per-
formance. Structural Change and Economic Dynamics, 16, 413-421.  
https://doi.org/10.1016/j.strueco.2004.04.005 

Sanni, M., & Verdolini, E. (2022). Eco-Innovation and Openness: Mapping the Growth 
Trajectories and the Knowledge Structure of Open Eco-Innovation. Sustainable Futures, 
4, Article ID: 100067. https://doi.org/10.1016/j.sftr.2022.100067 

Sarstedt, M., Ringle, C. M., Henseler, J., & Hair, J. F. (2014). On the Emancipation of PLS-
SEM: A Commentary on Rigdon (2012). Long Range Planning, 47, 154-160.  
https://doi.org/10.1016/j.lrp.2014.02.007 

Scur, G., de Mello, A. M., Schreiner, L., & José das Neves, F. (2019). Eco-Design Require-
ments in Heavyweight Vehicle Development—A Case Study of the Impact of the Euro 5 
Emissions Standard on the Brazilian Industry. Innovation & Management Review, 16, 
404-422. https://doi.org/10.1108/inmr-08-2018-0063 

Shahzad, A. M., & Sharfman, M. P. (2017). Corporate Social Performance and Financial 
Performance: Sample-Selection Issues. Business & Society, 56, 889-918.  
https://doi.org/10.1177/0007650315590399 

https://doi.org/10.4236/ojbm.2025.134143
https://doi.org/10.1108/arj-12-2020-0373
https://doi.org/10.1504/ijisd.2017.083289
https://doi.org/10.1016/j.ijresmar.2009.08.001
https://doi.org/10.1111/beer.12076
https://doi.org/10.1016/j.lrp.2012.09.010
https://doi.org/10.2307/41410402
http://www.smartpls.com/
https://doi.org/10.1109/tem.2019.2903984
https://doi.org/10.1177/000765030003900404
https://doi.org/10.1002/bse.2481
https://doi.org/10.1016/j.strueco.2004.04.005
https://doi.org/10.1016/j.sftr.2022.100067
https://doi.org/10.1016/j.lrp.2014.02.007
https://doi.org/10.1108/inmr-08-2018-0063
https://doi.org/10.1177/0007650315590399


G. Maldonado-Guzmán et al. 
 

 

DOI: 10.4236/ojbm.2025.134143 2711 Open Journal of Business and Management 
 

Smith, J. B., & Sims, W. A. (1985). The Impact of Pollution Charges on Productivity Growth 
in Canadian Brewing. The RAND Journal of Economics, 16, 410-423.  
https://doi.org/10.2307/2555567 

Srisathan, W. A., Ketkaew, C., Naruetharandhol, P., & Elshandidy, T. (2020). The Inter-
vention of Organizational Sustainability in the Effect of Organizational Culture on Open 
Innovation Performance: A Case of Thai and Chinese SMEs. Cogent Business & Man-
agement, 7, Article ID: 1717408. https://doi.org/10.1080/23311975.2020.1717408 

Steyn, M. (2014). Organisational Benefits and Implementation Challenges of Mandatory 
Integrated Reporting: Perspectives of Senior Executives of South Africa Listed Compa-
nies. Sustainability Accounting, Management and Policy Journal, 5, 476-503.  
https://doi.org/10.1108/sampj-11-2013-0052 

Störmer, E. (2008). Greening as Strategic Development in Industrial Change—Why Com-
panies Participate in Eco-Networks. Geoforum, 39, 32-47.  
https://doi.org/10.1016/j.geoforum.2006.12.001 

Tarmuji, I., Maelah, R., & Tarmuji, N. H. (2016). The Impact of Environmental, Social and 
Governance Practices (ESG) on Economic Performance: Evidence from ESG Score. In-
ternational Journal of Trade, Economics and Finance, 7, 67-74.  
https://doi.org/10.18178/ijtef.2016.7.3.501 

Tenenhaus, M., Vinzi, V. E., Chatelin, Y., & Lauro, C. (2005). PLS Path Modeling. Compu-
tational Statistics & Data Analysis, 48, 159-205.  
https://doi.org/10.1016/j.csda.2004.03.005 

Triguero, A., Fernández, S., & Sáez-Martinez, F. J. (2018). Inbound Open Innovative Strat-
egies and Eco-Innovation in the Spanish Food and Beverage Industry. Sustainable Pro-
duction and Consumption, 15, 49-64. https://doi.org/10.1016/j.spc.2018.04.002 

van Beurden, P., & Gössling, T. (2008). The Worth of Values—A Literature Review on the 
Relation between Corporate Social and Financial Performance. Journal of Business Eth-
ics, 82, 407-424. https://doi.org/10.1007/s10551-008-9894-x 

Veleva, V., & Bodkin, G. (2018). Corporate-Entrepreneur Collaborations to Advance a Cir-
cular Economy. Journal of Cleaner Production, 188, 20-37.  
https://doi.org/10.1016/j.jclepro.2018.03.196 

Velte, P. (2016). Does ESG Performance Have an Impact on Financial Performance? Evi-
dence from Germany. Journal of Global Responsibility, 8, 169-178.  

Weston, P., & Nnadi, M. (2021). Evaluation of Strategic and Financial Variables of Corpo-
rate Sustainability and ESG Policies on Corporate Finance Performance. Journal of Sus-
tainable Finance & Investment, 13, 1058-1074.  
https://doi.org/10.1080/20430795.2021.1883984 

Yang, J. Y., & Roh, T. (2019). Open for Green Innovation: From the Perspective of Green 
Process and Green Consumer Innovation. Sustainability, 11, Article No. 3234.  
https://doi.org/10.3390/su11123234 

Yusof, N., Zainul Abidin, N., Zailani, S. H. M., Govindan, K., & Iranmanesh, M. (2016). 
Linking the Environmental Practice of Construction Firms and the Environmental Be-
haviour of Practitioners in Construction Projects. Journal of Cleaner Production, 121, 
64-71. https://doi.org/10.1016/j.jclepro.2016.01.090 

https://doi.org/10.4236/ojbm.2025.134143
https://doi.org/10.2307/2555567
https://doi.org/10.1080/23311975.2020.1717408
https://doi.org/10.1108/sampj-11-2013-0052
https://doi.org/10.1016/j.geoforum.2006.12.001
https://doi.org/10.18178/ijtef.2016.7.3.501
https://doi.org/10.1016/j.csda.2004.03.005
https://doi.org/10.1016/j.spc.2018.04.002
https://doi.org/10.1007/s10551-008-9894-x
https://doi.org/10.1016/j.jclepro.2018.03.196
https://doi.org/10.1080/20430795.2021.1883984
https://doi.org/10.3390/su11123234
https://doi.org/10.1016/j.jclepro.2016.01.090

	Open Eco-Innovation and Firm Performance: Sustainable Development Mediating Role Is the Solution?
	Abstract
	Keywords
	1. Introduction
	2. Literature Review
	2.1. Open Eco-Innovation and Firm Performance
	2.2. Open Eco-Innovation and Sustainable Development

	3. Sustainable Development as a Mediating Variable
	Sustainable Development and Firm Performance

	4. Methodology 
	Measurement Development

	5. Results
	5.1. Reliability and Validity of the Measurement Model
	5.2. Structural Model

	6. Conclusions, Discussion, Limitations and Future Research
	6.1. Conclusions
	6.2. Practical Implications
	6.3. Research Limitations and Future Research

	Conflicts of Interest
	References

