
The role of process innovativeness in the development of environmental innovativeness capability 
Abstract 
Previous research suggests that innovation resources (i.e. internal R&D, external R&D, acquisition of machinery, hardware, software, patents, licenses, and R&D cooperation with stakeholders) enhance environmental innovations. However, it is unknown how these resources should be deployed to develop environmental innovativeness capability. This research builds upon the resource management framework and proposes that environmental innovativeness capability is developed, at the firm level, through a two-sequenced bundling process. First, innovation resources are bundled into process innovativeness capability. Then, process innovativeness capability is extended to develop environmental innovativeness capability. The proposed model is tested with data collected through the 2008 Community Innovation Survey in Germany. The results confirm this two-sequenced bundling process. Specifically, results indicate that internal, external, hybrid innovation resources, and knowledge brought through R&D cooperation with suppliers are bundled into process innovativeness capability. Then, process innovativeness capability is extended and bundled with the knowledge brought through R&D cooperation with public research institutions into environmental innovativeness capability. These results are important because they provide a much-needed understanding on the development of firm level capabilities to undertake environmental innovations. Finally, this paper recommends managers to deploy their innovation resources to build capabilities on innovating processes, which in turn is the base for developing environmental innovativeness.   
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1 Introduction
Climate change has put pressure on managers to reduce their consumption of fossil-generated energy, and to eliminate waste and residuals along their production processes (Plambeck and Toktay, 2013). Consequently, firms need to adopt environmental technologies to substitute hazardous material, enhance energy efficiency, reduce water consumption, and change towards renewable sources of energy. However, firms usually lack the knowledge to cope with the ever increasing sustainability demands from multiple stakeholders (Horbach, 2008). Additionally, the required knowledge spans several domains, and is usually owned by organizations outside the industry, or in fields where firms have little familiarity (Ghisetti et al., 2015). Therefore, to adopt or develop environmental technologies, firms either have to find new ways to use their existing resources, or have to bring in new resources.
Environmental innovation is defined as “the production, assimilation or exploitation of a product, production process, service or management or business method that is novel to the firm [or organization] and which results, throughout its life cycle, in a reduction of environmental risk, pollution and other negative impacts of resources use (including energy use) compared to relevant alternatives” (Kemp and Pearson, 2007, p. 10). Researchers have identified three main antecedents of environmental innovation: (1) Pressure from the government (e.g. taxes and subsidies); (2) pressure from consumers and industry norms; and (3) innovation resources. Innovation resources are classified into internal R&D, external R&D, hybrid resources (i.e. acquisition of machinery, software, patents, and licenses), and R&D cooperation with stakeholders (Cainelli et al., 2015; De Marchi, 2012; Horbach, 2008; Kesidou and Demirel, 2012). Previous research on environmental innovation has built upon the resource-based view (RBV) to argue that innovation resources enable environmentally innovative firms to distinguish themselves from non-environmentally innovative firms (Bossle et al., 2016; Ghisetti and Pontoni, 2015). However, there is little research about how firms develop their environmental innovativeness capability. 
Furthermore, environmental innovation entails other types of innovation such as process innovation. For instance, detergent manufacturers are replacing sodium tripolyphosphate with zeolite to reduce the harmful effect that wastewater has on rivers or lakes (Lafferty, 2015). In their intent to deliver environmentally friendly products, Walmart, a U.S. multinational retailer, offers organic cotton garments, and organic vegetables and fruits. To do so, they identified upstream suppliers, worked with their second tier suppliers, and allied with third parties to certify their organic practices at each link in their supply chain (Plambeck, 2012). Additionally, it is also suggested that process improvement practices, such as lean production and total quality management (TQM), facilitate the adoption and implementation of environmental technologies (King and Lenox, 2001; Piercy and Rich, 2015; Wiengarten and Pagell, 2012). Given these findings, this paper proposes that environmental innovativeness capability is developed through a two-sequenced bundling process of resources. First, firms deploy their innovation resources for developing process innovativeness capability. Then, firms extend their process innovativeness capability to develop the environmental innovativeness capability. Thus, this research explores the following research question: Does process innovativeness capability mediates the relationship between innovation resources and environmental innovativeness capability?
To explore this research question data collected by the 2008 Community Innovation Survey (CIS) is used. Results indicate that environmental innovativeness capability is the result of a two-sequenced bundling of innovation resources and process innovativeness capability. First, internal, external, hybrid innovation resources, and knowledge brought through R&D cooperation with suppliers are bundled into process innovativeness capability. Then, process innovativeness capability is extended and bundled with the knowledge brought through R&D cooperation with public research institutions into environmental innovativeness capability. 
These results contribute to the literature of environmental innovation by explaining how firms can develop the capability to environmentally innovate. Previous research has focused on the drivers of eco-innovations, and on the resources needed to undertake such innovations (Bossle et al., 2016; Cainelli et al., 2015; Ghisetti and Pontoni, 2015), but has fallen short in explaining how capabilities are built from these resources. This research addresses this void in the literature and offers guidelines and tools to managers on how to develop environmental innovativeness capability. 
2 Literature review
The literature review is structured in three parts: firstly, a review of the antecedents of environmental innovation is provided; secondly, relevant literature on the concept of environmental innovativeness is reviewed and analyzed; finally, a literature review on the antecedents of environmental innovativeness is provided to develop the proposed hypotheses. Throughout the literature review, a differentiation between antecedents and conduits is made. Whilst antecedents refer to independent variables, which are variables with direct effects on a dependent variable; conduits refer to mediating variables that are variables through which independent variables have an indirect effect on dependent variables.  

2.1 Antecedents of environmental innovation 
Environmental innovation entails the development or adoption of new products, processes, services, or business methods that can result in the reduction of environmental risk, pollution or other negative implications for the environment (Kemp and Pearson, 2007); it has a double-externality issue that make it different from traditional innovation (De Marchi, 2012). Since there are loose regulations to internalize the cost of environmental harm, the first externality refers to the firms’ incentives to keep old technologies. The second externality refers to the lower costs of adoption that late adopters have compared to early adopters. This difference in costs is explained by the positive spillover effect during the diffusion phase of the environmental innovation (Rennings, 2000). Consequently, firms have difficulties to appropriate economic value from environmental innovations. Therefore, in addition to the traditional drivers of innovation, technology push and market demand, governmental regulations also have to be considered when studying environmental innovations (Bossle et al., 2016; Ghisetti and Pontoni, 2015).  
Technology push drivers refer to the resources and capabilities of the firm (e.g., organizational and technological capabilities) that enhance energy and material efficiency (Rennings, 2000). Previous studies have underscored four types of innovation resources that have a positive impact on environmental innovation:  firstly, internal innovation resources or firm’s internal R&D activities (Horbach, 2008; Horbach et al., 2013); secondly, external innovation resources or outsourced R&D activities (Cuerva et al., 2014; Horbach, 2008); thirdly, hybrid resources or resources that are external to the firm, but that can be purchased on the market (e.g. machinery, hardware, software, patents, and licenses) (Cainelli et al., 2015); and fourthly, R&D cooperation with stakeholders (e.g. suppliers, universities, and public research institutions) (Agrawal, 2001; Baba et al., 2009; De Marchi, 2012; Ghisetti et al., 2015). 
Market pull drivers refer to consumer preferences, industry norms (e.g., codes of conduct), and new market characteristics that move firms to undertake environmental innovations (Kesidou and Demirel, 2012). For example, consumer demands for hybrid cars have increased in recent years. From 2014 to 2020, the growth rate of the global automotive market is expected to increase at a slower pace than the segment of hybrid vehicles (Future-Market-Insights, 2014). This shift in the preferences for cars has urged car manufacturers to adopt technologies that reduce their negative impact on the environment (e.g. through traction batteries). Empirical evidence about the effect of customer expectation on the adoption of environmental innovation has recently been accumulated. For instance, Kesidou and Demirel (2012) found that multiple UK firms have started eco-innovation initiates to satisfy the growing sustainability demands from customers and society. Cai and Zhou (2014) also observed similar changes among Chinese firms. Finally, Bossle et al. (2016) conducted a literature review and concluded that external factors such as customer preferences and  requirements can enhance the adoption rate of eco-innovations. 
Governmental regulation on environmental matters refers to policies that promote the increase of environmental awareness in the market, the reduction of pollution, and incentives for undertaking environmental innovation (Bossle et al., 2016). Previous research has classified governmental regulations into two categories: stringent policy, and incentives to innovate (Ghisetti and Pontoni, 2015). Stringent policy refers to the limit to emissions, environmental taxes, and sanctions associated with pollution incidents. On the other hand, incentives to innovate include subsidies, grants, and tax exemptions for the implementation and adoption of technologies that reduce the negative impact business activities on the environment. Yet, past research on environmental innovation suggests that stringent policies are more efficient drivers of environmental innovation than the incentives to innovate (Ghisetti and Pontoni, 2015). 

2.2 Environmental innovativeness 
The majority of studies about environmental innovation have focused on aspects related to differences between environmentally innovative firms to non-environmentally innovative firms (Bossle et al., 2016; Ghisetti and Pontoni, 2015). In this stream of research, environmentally innovative firms are those that have registered a patent within a specific time period, or have declared that an environmental innovation was adopted at a given time (Cainelli et al., 2015; Cuerva et al., 2014; Horbach, 2008). Hence, environmentally innovative firms are conceptualized based on the innovations that they have introduced instead of basing it on organizational capabilities to undertake environmental innovations. This conceptualization differs from the concept of innovativeness proposed in the literature of innovation management. Certainly, innovative firms introduce innovations, but not every firm that introduces innovations is innovative (Garcia and Calantone, 2002). Since the concepts of innovativeness and innovation are used interchangeably in the literature of environmental innovation (Ghisetti and Pontoni, 2015), more precision is needed about what constitute being environmentally innovative. 
Innovation refers to an iterative process of developing commercially successful inventions, whereas innovativeness refers to the orientation of an organization to adopt product, processes, or organizational innovations (Garcia and Calantone, 2002; Hurley and Hult, 1998; Tsai and Yang, 2013). Innovativeness has been conceptualized at the product-, and firm-level (Garcia and Calantone, 2002; Wang and Ahmed, 2004). At the product-level innovativeness refers to the degree of newness that a product innovation possesses from a referential viewpoint (i.e. new for the country, the industry, or the firm) (Caridi et al., 2012; Garcia and Calantone, 2002). Whereas, at the firm-level innovativeness refers to the propensity that a firm possesses to innovate (Hult et al., 2004; Story et al., 2015). Previous marketing studies have mainly studied innovativeness at the firm-level. These studies have conceptualized innovativeness as an organizational cultural trait, and also as a capability (Hult et al., 2004; Hurley and Hult, 1998; Rubera and Kirca, 2012; Tsai and Yang, 2013). Furthermore, previous studies in supply chain management have also conceptualized innovativeness at the firm-level of analysis (Golgeci and Ponomarov, 2013).  
Innovativeness at the firm-level is described as a collective action that coordinates the knowledge and expertise of employees to foster the invention of products, services, and processes (Hult et al., 2004; Rubera and Kirca, 2012; Story et al., 2015). Within this conceptualization, it is also argued that innovativeness is a firm capability because it refers to the phenomenon of acquiring and deploying innovations (Hult et al., 2004); it refers to both the motivation and capability to innovate and create new business solutions (Golgeci and Ponomarov, 2013). Since a firm’s capability is the ability to perform a coordinated set of tasks utilizing organizational resources for achieving an objective (Helfat and Peteraf, 2003), then innovativeness fits the definition of firm’s capability. 
Previous environmental innovation studies have mainly focused on the drivers and firm resources needed for the development and creation of products, processes, services, and organizational procedures that reduce the negative impact of a firm’s activities on the environment (Bossle et al., 2016; Cuerva et al., 2014; Ghisetti and Pontoni, 2015). Yet, it has not been sufficiently explored how firm resources are deployed to form a capability and to ultimately enable or support environmental innovations. Therefore, the study of environmental innovativeness capability constitutes a contribution to the existing literature because it adds precision about the process of adopting and deploying environmental innovations. 

2.3 Antecedents of environmental innovativeness 
One of the main findings in the literature on environmental innovation is that firms with innovation resources are more likely to develop or adopt environmental innovations (Cainelli et al., 2015; Ghisetti and Pontoni, 2015). These studies built upon the RBV to argue that firms with an internal base of knowledge and skills are more likely to realize environmental innovations (Cainelli et al., 2015; Cuerva et al., 2014; Ghisetti and Rennings, 2014). However, they offer no explanation on how these resources have to be deployed in order to develop environmental innovations. 
Additionally, previous studies on firm’s innovativeness are grounded on the paradigm of traditional innovation, in which innovations are oriented toward economic benefits (Garcia and Calantone, 2002; Rubera and Kirca, 2012; Story et al., 2015). Moreover, a firm’s innovativeness is driven by characteristics of the organizational culture such as: entrepreneurial, learning, and market orientation (Hult et al., 2004; Hurley and Hult, 1998). In this regard, it is proposed that innovativeness is the conduit for market success in the presence of appropriate intelligence and decision making. Consequently, firms deploy their resources (e.g. assets, behaviors, and cultural traits) into the process of developing new products, services, and processes to gain a competitive advantage. However, the logic behind environmental innovation differs from traditional innovation. For instance, to develop environmental innovations firms deploy resources to optimize energy consumption, reduce anthropogenic gas emissions, waste, and comply with stakeholders (Ghisetti et al., 2015; Ghisetti and Rennings, 2014; Kemp and Pearson, 2007) without necessarily placing financial benefits at the forefront. Thus, the antecedents of environmental innovativeness capability might be different from the antecedents of traditional innovativeness.

2.3.1 Process innovativeness capability and environmental innovativeness capability
The literature on operations management has extensively studied the relationship between process improvement practices and environmental performance. More frequently studied practices have been total quality management, and lean production techniques (Curkovic et al., 2008; Mollenkopf et al., 2010; Rothenberg et al., 2001; Wiengarten and Pagell, 2012). Recent studies have provided evidence about the synergies between the green and lean operations paradigms (Dües et al., 2013; Mollenkopf et al., 2010; Piercy and Rich, 2015; Yang et al., 2011). Yet, there are certain lean practices that are potentially not synergistic with the environmental performance of the firm (Dües et al., 2013; Rothenberg et al., 2001). For example, through a pull system with small batches and just-in-time deliveries lean practices could require an increase in transportation frequencies, which in turn increases the emissions of CO2 (Dües et al., 2013; Wu and Dunn, 1995). However, at the production system level the synergies between lean and environmental practices remain (Dües et al., 2013; Piercy and Rich, 2015). 
Hence, lean-operating firms are using less materials in production, through improvements in quality and thus reduce reworks, scrap, power/water consumption, and pollution cost (Dües et al., 2013; Piercy and Rich, 2015; Rothenberg et al., 2001). Moreover, lean production practices also facilitate the adoption of environmental technologies because they reduce the marginal cost of implementation and the cost of discovering opportunities (King and Lenox, 2001). For example, lean production enables the development of improvement capabilities, reducing the level of inventories, and increasing the awareness of employees about changes in the production process. Thus, the cost of additional training on environmental matters would be lower. Additionally, a priori expectations and search costs could inhibit managers to discover opportunities to reduce environmental pollution. Hence, lean operating firms are more likely to have information about the indirect distributed costs and benefits of environmental management systems (King and Lenox, 2001, 2002). 
Furthermore, it has also been suggested that there is a reverse causal logic between lean and green production practices. For instance, Pil and Rothenberg (2003) suggested that the implementation of environmental improvement practices have positive effects on the quality performance of the firm. Yet, longitudinal case-studies evidence suggests a lean-first evolution for the implementation of lean and green production systems (Piercy and Rich, 2015). These authors found that lean provides a social foundation for sustainability and match it with a technical system to implement improvements. On the other hand, green systems provide a social foundation for lean, but this foundation often lacks a technical system to achieve improvements. Therefore, lean and green can be viewed as synergistic production systems if integrated accordingly (Piercy and Rich, 2015). Furthermore, green production systems are also conceptualized as the next stage of the evolution of total quality management systems (Corbett and Klassen, 2006). Consequently, firms with process improvement capabilities are more likely to be able to adopt environmental technologies (Lee and Klassen, 2015).
Process innovativeness refers to the capability of a firm to engage in and support new ideas, experimentation, and creativity for the development of new processes (Das and Joshi, 2007; Wang and Ahmed, 2004). The theoretical underpinning of the relationship between lean operations and green operations is that process innovative firms are more likely to be environmentally innovative (Florida, 1996). There are business anecdotes that illustrate this proposition. For example, Walmart the supermarket giant, a company well-known for its innovations in their outbound-logistics processes, had to innovate their sourcing processes in order to deliver environmentally friendly products such as: organic cotton garment, vegetable and fruits (Plambeck, 2012). These changes entailed the identification of upstream suppliers, collaborative relationship with suppliers, and alliances with external stakeholders to certify organic farming practices (Plambeck, 2012). Consequently, the following hypothesis is presented: 
H1: Firms with process innovativeness capability are more likely to develop environmental innovativeness capability.

2.3.2 The deployment of internal innovation resources for environmental innovativeness capability 
Firms with existing internal R&D activities are more likely to be environmentally innovative because they have higher absorptive capacity compared to non R&D active firms (Cainelli et al., 2015; Cohen and Levinthal, 1990). Since environmental technologies entail higher levels of novelty, uncertainty, and variety than traditional technological innovations, firms with higher internal R&D, higher absorptive capacity, are more likely to be environmentally innovate. Relatedly, scholars have used the RBV to argue that these innovation resources enhance environmental innovation because they are valuable, rare, inimitable, and non-substitutable (Cainelli et al., 2015; Cuerva et al., 2014). 
However, in the same way that the RBV fails to explain the specific mechanisms through which resources create competitive advantage (Kraaijenbrink et al., 2010), the environmental innovation literature also fails to explain how innovation resources create environmental innovativeness capability. To cope with these critiques business strategy scholars have proposed the resource management framework (Sirmon et al., 2007). This framework explains how resources are bundled into capabilities, and how these capabilities can be leveraged to create competitive advantages (Sirmon et al., 2007). In this current research the resource management framework is applied to explain how innovation resources are bundled into environmental innovativeness capabilities. 
The resource management framework explains the process of how capabilities are created. It proposes that resources within the portfolio of the firm are bundled together to create capabilities; each capability is a unique combination of resources; and this unique combination allows firms to undertake actions that create value (Sirmon et al., 2007). Sirmon et al. (2007) suggested three forms of bundling: stabilizing, enriching, and pioneering. Stabilizing refers to the process of performing minor modification to existing capabilities. Enriching refers to the process of extending or elaborating on prior capabilities; it is performed by integrating new acquired resources into existing capabilities, or into the creation of new capabilities. Finally, pioneering refers to the integration of new resources, or the recombination of existing ones in different ways to develop new capabilities. For instance, Hitt et al. (1998) described how SmithKline’s managers bundled their drug research capability with the diagnostic technological capability to create a new capability in biomedical research. This research explicitly focuses on the concept of enriching bundling to explain how the environmental innovativeness capability is developed. 
Additionally, previous literature has found that internal R&D enhances environmental innovation because firms with an internal base of knowledge and skills are more likely to develop environmental products, processes or business models (Cainelli et al., 2015). Consequently, based on the resource management framework, and the previous findings in the operations management literature, it is argued that environmental innovativeness capability is the result of a two-sequenced enriching bundling. First, innovation resources are bundled into process innovativeness capability. Second, process innovativeness capability is extended to develop environmental innovativeness capability. Therefore, the following hypothesis is proposed:
H2: Internal R&D resources are bundled into process innovativeness capability, which in turn is associated to environmental innovativeness capability.

2.3.3 The deployment of external innovation resources for environmental innovativeness capability 
Environmental innovation projects entail a high degree of uncertainty about their outcomes and their lengths. Previous research on environmental innovation has found that external resources for innovation allow firms to cope with these uncertainties and technological challenges (Cainelli et al., 2015; Ghisetti et al., 2015; Horbach, 2008). Furthermore, the open innovation paradigm suggests that firms can acquire better ideas, and knowledge through market mechanisms, and strategic partnerships with stakeholders (Ghisetti et al., 2015). Similarly, the RBV suggests that resources can be acquired from strategic factor markets, and be deployed into existing processes in order to create competitive advantage (Barney, 1991; Kraaijenbrink et al., 2010). Therefore, in applying the two-sequenced enriching-bundling logic it is proposed that external R&D can be bundled into process innovativeness capability, which in turn enhances environmental innovativeness capability. Hence, the following is hypothesized:
H3: External R&D resources are bundled into process innovativeness capability, which in turn is associated to environmental innovativeness capability. 

Additionally, the acquisition of machinery and patents can be useful external resources to enhance firm-level environmental innovations, because they are deployed to improve energy consumption and material efficiency (Cainelli et al., 2015; Kesidou and Demirel, 2012). Thus, the acquisition of machinery and software can enhance the performance of business processes, which in turn might also enhance a firm’s eco-efficiency. Similarly, patents and licenses are codified knowledge that can facilitate the development of new processes, which in turn might enhance energy efficiency and material-usage reduction. Hence, the following hypotheses are presented: 
H4: The acquisition of machinery and software bundles into process innovativeness capability, which in turn is associated to environmental innovativeness capability. 
H5: The acquisition of patents and licenses bundles into process innovativeness capability, which in turn is associated to environmental innovativeness capability. 

2.3.4 The deployment of knowledge brought by stakeholders for environmental innovativeness capability 
Environmental innovations are generally more complex than other types of innovations, because they require scarce knowledge within the firm or even within the industry, entail projects with longer lead times and high-uncertainty outcomes, and often require radical or breakthrough changes (Ghisetti et al., 2015; Rennings, 2000). Thus, R&D cooperations with several stakeholders offer important sources of knowledge for developing environmental innovation. Previous research on environmental innovation suggests that suppliers, universities and public research institutions are critical partners to provide knowledge for environmental innovation (Bossle et al., 2016; Ghisetti et al., 2015; Ghisetti and Pontoni, 2015; Ghisetti and Rennings, 2014). 
Supplier knowledge enhances a firm’s efficiency and complements the technological base of the firm. Exchanging information with suppliers allows a firm to improve the environmental performance of its processes and to develop environmentally sustainable products (De Marchi, 2012). Furthermore, universities and public research institutions are also relevant sources for environmental innovations because they possess highly specialized human capital, distant and different knowledge from industry, and the capability and time to develop costly technology with longer time-to-market (Agrawal, 2001; Baba et al., 2009). They can also be suitable collaborators to bring in new knowledge to develop innovations in technological fields of high technological change and uncertainty (Belderbos et al., 2006). 
Moreover, R&D cooperation also enhances the development of technological capabilities of the firm, and enhances the environmental innovation of the firm (Becker and Dietz, 2004; Ghisetti et al., 2015). Since suppliers have increased their responsibilities in the design of the focal firm’s products and production processes, firms can enhance their process innovativeness capability through R&D cooperation with their suppliers. Consequently, firms can have better information regarding the materials and tools of the components, and a deeper understanding of the extended production processes in the supply chain (Geffen and Rothenberg, 2000). Thus, the following is hypothesized:
H6: The knowledge brought by suppliers is bundled into process innovativeness capability, which in turn is associated to environmental innovativeness capability. 
Previous research has identified that firms can access knowledge through R&D cooperation with scientific organization (e.g., universities and public research institutions) to introduce more advanced products and process innovations, and to develop new products and processes in emergent technological fields with high industry clockspeed (Belderbos et al., 2006; Cohen et al., 2002; Tödtling et al., 2009). In other words, scientific organizations deliver knowledge that could be bundled into the process innovativeness capability of a firm. Therefore, the following hypotheses are presented: 
H7: The knowledge brought by universities is bundled into process innovativeness capability, which in turn is associated to environmental innovativeness capability. 
H8: The knowledge brought by public research institutions is bundled into process innovativeness capability, which in turn is associated to environmental innovativeness capability. 

[Insert a figure 1 about here]
3 Methods
3.1 Data collection
To explore our research question “Does process innovativeness capability mediates the relationship between innovation resources and environmental innovativeness capability?” data collected through the 2008 Community Innovation Survey (CIS) is used in this study. This survey is carried out every two years by European Union member states. The unit of analysis of the survey is the firm. The questionnaire contains of eleven sections. The majority of the questions are about firm-level innovations. However, it also includes questions about the product, process, marketing, environmental, and organizational innovations. Furthermore, the survey includes questions about general information of the firm, sales markets, operating regions, R&D expenditures, stakeholder cooperations, innovation objectives, control questions about the reason why environmental innovations are developed, and finally some questions regarding the economic and financial situation of the firm (Eurostat, 2015). 
Furthermore, the questionnaire is designed following the guidelines of the Oslo manual, which is a document jointly elaborated by EUROSTAT and the Organization for Economic Cooperation and Development (OECD) to support this data collection process across countries. The targeted population of the CIS 2008 were all firms in NACE rev 2 sections A to M (Eurostat, 2008). This means that it includes firms from several industries such as: agriculture, mining, manufacturing, electricity, water supply, construction, wholesale and retail, transportation, telecommunications, financial and insurance activities, and other services (see also Table 1 for industry descriptives). 
This research only focuses on data collected in Germany because it represents an industrialized economy with a long standing tradition of cooperation between firms and scientific organizations (Koschatzky and Stahlecker, 2010; Research-in-Germany, 2015). Additionally, the exclusion of other countries rules out country-level factors that might add unwanted variance, and enables the concentration on firm-level factors that influence environmental innovation. The sample contains of 6087 firms. However, the sample data is skewed; there is a high proportion of firms with low or zero R&D expenditures, and few firms with high R&D expenditures. Thus, the top 1% observations of the distribution of total R&D expenditures were dropped to avoid the leveraging effect that outliers can have on the correlation matrix (Hair et al., 2009). Furthermore, some cases had to be deleted due to missing data. Consequently, the final sample size to test our hypotheses is comprised of 4346 firms.   
[Insert Table 1 about here]
The stated hypotheses are tested with the CIS data from 2008 because the collection rounds from 2010 and 2012 did not include data on environmental innovation. The 2014 edition did include the environmental innovation questions, but the micro-data was not available at the time the paper was written. However, the results are no less externally valid for the following reasons. The paper focuses on the deployment of resources for the development of innovativeness capabilities. In this regard, the results could be affected by changes in the context that reduce the availability of innovation resources. Although the economic crises from 2008-2010 would have affected the allocation of innovation resources, reports from the OECD suggests that the number of environmental patents filed from EU28 countries has been growing at moderate rates at this period of time (OECD, 2012). Consequently, there is no evidence indicating major changes on how firms organize and coordinate their innovation initiatives. Thus, it is concluded that the 2008 CIS data is still relevant for the purposes of this paper. 

3.2 Measures 
Previous management studies have frequently operationalized innovativeness as a latent variable (Das and Joshi, 2007; Rubera and Kirca, 2012). This approach is congruent with the previous definition of innovativeness; that is, innovativeness antecedes innovation (Garcia and Calantone, 2002). In contrast, some other studies have measured environmental innovation through a binary variable (i.e. the variable adopts the value of one whether the firm has introduced an environmental innovation, otherwise is zero), count of patents, and cutoff points of summated eco-innovativeness indicators (Berrone et al., 2013; Cuerva et al., 2014; De Marchi, 2012; Horbach et al., 2013). This approach might not be suitable to measure environmental innovativeness because these studies focused on the introduction of innovations instead on the capability to develop those innovations.
Since environmental innovativeness is the firm’s capability to adopt products, processes, organizational procedures to reduce the negative environmental impact of the firm, it is also operationalized as a latent variable reflecting nine environmental innovation binary indicators (e.g., yes or no questions). These indicators refer to the introduction of products, processes, organizational or marketing innovations that reduce CO2 emissions, water consumption, soil or noise pollution, and enhance material and energy efficiency (see Table 2). 
Similarly, the CIS survey also uses binary indicators to assess the introduction of process innovations. A similar approach was used to measure process innovativeness capability. The indicators include the introduction of new or significantly improved methods of manufacturing, logistics and distribution, and supporting activities including maintenance, purchasing, etc. Previous research has also measured process innovativeness as a reflective latent variable of process innovation indicators (Das and Joshi, 2007). Consequently, in the following section a confirmatory factor analysis is performed to test the construct validity of environmental innovativeness and process innovativeness capabilities. 
The measures for innovation resources are the natural logarithm of expenditures on in-house R&D, expenditures on external R&D, expenditures on acquisition of machinery, equipment, and software, and expenditures on the acquisition of patents, licenses, or other type of know-how. The natural logarithms were used to transform the variables in order to achieve a normal distribution, which is required for the analyses. This transformation is generally used in multivariate and regression analyses for skewed variables (Hair et al., 2009). The relationships with stakeholders (suppliers, universities, and public research institutions) were again measured through binary variables, where one indicates that the firm collaborated with the corresponding stakeholder, and zero otherwise. 
Additionally, previous studies on environmental innovation argue that managers allocate resources to environmental innovations to cope with pressure from policy makers, consumers, and industry codes. Consequently, the model also includes binary variables to control for the perceived pressure that taxes, subsidies, consumers’ requirements, and industry codes have on innovation activities of the firm. 
[Insert Table 2 about here]
3.3 Construct validation
To test the measurement model for environmental and process innovativeness capabilities a confirmatory factor analysis was conducted using Mplus 6. The measurement model was estimated through the maximum likelihood robust procedure, because it corrects for standard errors, making them less exposed to the lack of multivariate normal distribution and missing values (Enders, 2010; Muthén and Muthén, 2010; Schafer and Graham, 2002). Results indicate a reasonably good fitting model. Both Pearson chi square () and likelihood ratio chi square tests () do not reject the null hypothesis that the observed and predicted covariance matrices match (see Table 2).
Regarding the construct validity of the measures, Table 2 illustrates that the squared loadings of the items are higher than 0.5, which indicates that both process and environmental innovativeness capabilities explain more than 50% of the item variance. To assess the convergent validity of the constructs, the average variance extracted (AVE) was calculated for each construct. Results indicate that 56% of the variance of the indicators is explained by the process innovativeness capability construct and 73% is explained in average by the environmental innovation construct (see Table 2). To ensure discriminant validity a restricted measurement model was estimated in which the correlation between the constructs of process and environmental innovativeness capabilities were fixed to 1. Afterwards a log likelihood chi square difference test was carried out. The results indicate that these models are statistically different (). Thus it can be concluded that process and environmental innovativeness capabilities are discriminately valid. Finally, reliability was assessed through calculating the composite reliability coefficient and Cronbach’s alpha for each construct (see Table 2). The Cronbach alpha value for process innovativeness capability is below 0.70. However, previous studies suggest that Cronbach’s alpha often underestimate the true reliability of the data (Raykov, 1997). Since the composite reliability for both variables is higher than 0.70, it is reasonable to conclude that process and environmental innovativeness capabilities possess high internal consistency. 

3.4 Common method bias
When both the independent and the dependent variables are measured through a single-informant survey, they share the variance of the method. This can be a problem for estimating the model because the common variance makes the explanatory variables endogenous (Antonakis et al., 2010). The method variance could be seen as a third variable that correlates with both the independent and the dependent variable. Consequently, if it is not controlled for, there can be a confounding effect between the independent and the dependent variable. Previous research suggests that common method bias is only solved through research design, the use of multiple respondents, the incorporation of instrumental variables in the questionnaire, or the incorporation of explicit indicators that measure the pattern of response of the respondent (Antonakis et al., 2010; Podsakoff et al., 2012). 
This study manages common method bias through ex-ante and ex-post mechanisms: temporal distance between dependent and independent variable in the questionnaire, and the Harman’s single factor approach. Previous research suggests that proximal separation in the questionnaire between the independent and the dependent variable attenuates common method bias (Podsakoff et al., 2012; Weijters et al., 2009). In the CIS questionnaire the indicators of process innovativeness capability are in the third section of the questionnaire, and the indicators of environmental innovativeness capability are in the tenth section. They are more than thirty questions apart. 
Moreover, the Harman’s single factor approach is a mechanism to assess the severity of common method bias (Podsakoff et al., 2003). If all the items involved in the measurement model load into a single factor, then it can be concluded that common method bias is severe because the proportion of variance explained by the method is high. The obtained results do not suggest that there is a single factor; the first factor explained 25% of the total variance of the data. Consequently, there is no severe common method bias in the model. However, the only way to truly control for common method bias is through having multiple respondents (Podsakoff et al., 2012). Subsequently, the thread of common method bias is always present when having single respondents. This constitutes a limitation of this study.

3.5 Data analysis
An initial analysis of the data revealed a high level of variation in the innovation resources: 7.6% of firms indicate to have R&D cooperation with suppliers, 13.8% with universities, and 6.2% with public research institutions. Furthermore, as stated in the hypotheses, there are positive correlations between environmental innovativeness capability, innovation resources, and process innovativeness capability. There are also positive correlations between process innovativeness capability and the innovation resources (see Table 3). 
[Insert Table 3 about here]
The mediation model was estimated through bootstrapping (Rungtusanatham et al., 2014). The procedure is as follows. Firstly, 1000 resamples with replacement were randomly taken from the original sample, for which the specific direct and indirect effects were computed (see equations below). Secondly, the estimates for the direct and indirect effect were used to generate an empirical sampling distribution. Thirdly, the significance of the effects were assessed through confidence intervals (Rungtusanatham et al., 2014). The bootstrapping procedure corrects for non-normality of the indirect effects. Thus, bootstrapping is an effective procedure to detect the true effects (i.e. type 2 errors) with acceptable likelihoods to avoid detecting false effects (i.e. type 1 error) (Rungtusanatham et al., 2014). The estimated equations are the following: 
    [1] 
  [2] 
    [3] 
  Indirect effect [4] 
 Total Effect [5] 
The name of the variables and their abbreviations are defined in Table 4. 
[Insert Table 4 about here]
One of the main assumptions for mediation analysis is the absence of endogeneity between the mediating variable and the dependent variable. To test for endogeneity, a two-stage regression model was estimated with instrumental variables and using the Hausman test (Cameron and Trivedi, 2005). It was challenging to find appropriate instrumental variables because they have to be independent from the other independent variables and the disturbances in the system of equations. There were two exogenous dummy variables that could be classified as instrumental variables: whether the firm has received financial support for innovation from the EU  (e.g. tax credits, grants, etc.), and whether the firm was multinational. Previous research has also used this procedure to test for endogeneity of a regressor (Hora and Dutta, 2013). The Hausman test indicates that process and environmental innovativeness capabilities are not endogenous. Consequently, the mediation was estimated.
4 Results 
Results indicate a direct effect of process innovativeness capability on environmental innovativeness capability (. Moreover, positive indirect effects of internal R&D (), external R&D (), acquisition of machinery, software, etc. (), acquisition of patents and licenses (), and R&D cooperation with suppliers () through process innovativeness capabilities into environmental innovativeness capability have been identified (see table 5). R&D cooperation with suppliers has the highest indirect effect on environmental innovativeness capability. Hence, there is evidence of the two-sequenced enriching bundling of innovation resources on process innovativeness capability, which in turn extends into environmental innovativeness capability.  
On the other hand, the results do not provide support for the existence of indirect effects between R&D cooperation with universities () and public research institutions (), on environmental innovativeness through process innovativeness (see Table 5). This suggests that the knowledge brought from these organizations is not deployed through a firm’s process innovativeness capability.   
In contrast to the other hypothesized innovation resources, R&D cooperation with public research institutions has a positive significant direct effect on environmental innovativeness capability (). This suggests that knowledge brought through R&D cooperation from public research institutions is directly bundled into environmental innovativeness capability. Consequently, process innovativeness capability has a positive direct effect on environmental innovativeness capability (H1 supported); it fully mediates internal R&D (H2 supported), external R&D (H3 supported), acquisition of machinery (H4 supported), acquisition of patents and licenses (H5 supported), and cooperation with suppliers (H6 supported) (see Table 5). 
[Insert Table 5 about here]
Additionally, two results deserve special attention: 1) the non-significance of R&D cooperation with universities, and 2) the negative direct effect of acquisition of external knowledge on environmental innovativeness capability at 10% significance levels. Although prior research has found a positive relationship between cooperation with universities and environmental innovation, our results indicate that this resource is not deployed neither into process innovativeness nor environmental innovativeness capability. Consequently, H7 is rejected. The insignificance of cooperation with universities might ultimately be related to the way it was measured, and to the cross-sectional nature of the study. This issue is further discussed in the next section. Furthermore, the acquisition of patents or licenses has both a positive indirect effect and a negative direct effect (90% of confidence) on environmental innovativeness capability. Yet the total effect is positive (H5 is supported at 95% of confidence). 
Regarding the control variables, the results suggest that both perceived environmental regulation in the present (), and expected environmental regulation in the future () have a positive effect on environmental innovativeness capability. In addition, perceived customer’s expectations of environmental innovations (), and voluntary codes for environmental practices in the industry () also positively affect environmental innovativeness capability. Contrarily, there is no evidence that perceived government’s incentives for environmental innovation affects environmental innovativeness capability (). Consequently, it seems that environmental innovativeness capability is fostered in contexts of regulations on environmental matters instead of contexts of incentives for environmental innovation. 
5 Discussion
This research was set out to explore whether, or to what extent, innovativeness capability mediates the relationship between innovation resources and environmental innovativeness capability. The results suggest that environmental innovativeness capability is the result of a two-sequenced enriching bundling process. First, internal and external R&D, acquisition of machinery, software, patents and licenses, and R&D cooperation with suppliers are deployed into process innovativeness capability. Then, process innovativeness capability is extended and bundled with knowledge brought in by R&D cooperation with public research institutions to develop environmental innovativeness capability. Thus, this paper adds much needed precision about how environmental innovations are developed. Furthermore, this research bridges the literatures of continuous improvement practices and environmental innovations. As a result, a theoretical framework was developed and tested. The main prediction of this framework is that process innovativeness capability is the base for developing environmental innovativeness. Finally, this research overcomes the limitations of the RBV through the application of the resource management framework, suggesting that the RBV logic is still valid for explaining environmental innovativeness. 
Previous studies in environmental innovation and operations management suggested that environmental technologies and R&D resources are the underpinnings for developing environmental innovations (Cainelli et al., 2015; Cuerva et al., 2014). Yet, RBV opponents suggest that resources per se are not a source of competitive advantages (Kraaijenbrink et al., 2010). In this regard, the field of environmental innovation has, so far, not taken the RBV critiques into account. This research moves the field forward, as it specifies the process through which innovation resources, and R&D cooperation with stakeholders are bundled in order to develop environmental innovativeness capability. Thus, this research opens the black box and suggests to managers how they can develop the environmental innovativeness capability of their firms. 
Previous research found that R&D cooperation with universities enhance environmental innovation (De Marchi, 2012; Ghisetti and Pontoni, 2015). On the contrary this research found that R&D cooperation with universities has no contribution to the development of environmental innovativeness capability. This lack of significance is perhaps explained by the way R&D cooperation was operationalized. Previous research suggests that there are several channels of interaction between universities and firms. For instance, firms and universities can undertake joint research projects, consulting, contract research transactions, set human resource transfer programs between organizations, etc. (Perkmann and Walsh, 2007). This research makes no differentiation between the channels of interaction. Future research may consider the breadth and depth of R&D cooperation with universities to better understand the relationship between R&D cooperation with universities and environmental innovativeness capability.  
Regarding hybrid resources for innovation, there is a tension between the negative direct effect between the acquisition of patents and licenses and environmental innovativeness capability, and the positive indirect effect through process innovativeness capability. The patterns of bi-variate relationships between the acquisition of patents and licenses, and environmental innovativeness capability suggest a positive relationship (see Table 3). Yet, the partial correlation between them is negative, but close to zero, which make it non-significant. Additionally, the regression coefficient is only significant at 10%. Therefore, it can be concluded that the direct effect is non-significant, and that increasing the significance could lead to accept a false effect. In summary, codified knowledge in patents is perhaps too generic to enhance environmental innovativeness capability. Hence, the acquisition of patents and licenses might only be meaningful for environmental innovativeness capability when they are bundled into process innovativeness capability. 
Moreover, previous research suggests that environmental innovations (e.g. waste prevention) are important for the firm because it increases process efficiencies, which in turn enhances the financial performance of a firm (King and Lenox, 2002). Alternatively, this research suggests that firms are able to undertake environmental innovations because they are process innovative. Therefore, the link between environmental innovations and financial performance has to be studied under the light of process innovativeness capability.   
Additionally, process innovativeness capability might entail the development of incremental, and radical innovations. Process management techniques are associated with incremental innovations, and at the same time are decoupled from radical innovations (Benner and Tushman, 2002). The CIS survey questions refer to both incremental and radical innovations. Hence, this paper relates the innovation capabilities both from an incremental and radical viewpoint. Previous research also suggests that incremental process innovation should be decoupled from exploratory innovation activities that could foster radical innovations (Benner and Tushman, 2003). The results of this study also point into this direction. R&D cooperation with public research institutions, which can be considered as an exploratory innovation activity (Agrawal, 2001), does not bundle into process innovativeness capability. They have a direct impact on the development of environmental innovativeness capability. Thus, exploitative innovation activities, the bundling of process innovativeness capability into environmental innovativeness capability, are combined with exploratory innovation activities in order to foster environmental innovativeness capability. 
The model presented in this paper emphasizes on the internal process of the firm to develop environmental innovativeness capability. Yet, the industry in which the firm competes can have an effect on the development of such capability. The model addresses to some extent the industry effect by adding a variable that measures whether the firm has introduced an environmental innovation in response to industry codes of conducts or agreements. This variable is significant in the model; this suggests that firms who have introduced an environmental innovation in response to industry codes are more likely to be environmentally innovative. However, the industry dynamics can impose boundary conditions on the relationships hypothesized in this paper. Consequently, these boundary conditions need to be explicitly specified in the model. Therefore, future research should address the boundary conditions that industry-level variables can have on the process of developing environmental innovativeness capabilities. 

6 Conclusion
Climate change demands managers to adopt environmental technologies to become sustainable. This research recommends that managers should bundle their innovation resources (i.e. internal and external R&D, acquisition of machinery, software, patents, licenses, and R&D cooperation with suppliers) into the development of process innovativeness capability. Then, process innovativeness capability is extended and bundled with knowledge brought from R&D cooperation with public research institutions to develop environmental innovativeness capability. Thus, this research moves the field of environmental innovation forward because it specifies the process through which innovation resources, and R&D cooperation with stakeholders are bundled in order to develop the environmental innovativeness capability. Furthermore, it advises managers to accumulate innovation resources and deploy them to build process innovativeness capability. Then, process innovativeness capability is the base for developing environmental innovativeness. 
There are untied strings in this research that serve as the basis for future research. The ideas for future research are classified into the following categories: managerial capabilities for bundling resources; value creation of environmental innovativeness capability; and methodological aspects. This research says very little about the required managerial capabilities, organizational structures, or coordination mechanisms to bundle innovation resources. This paper is explicit about the type of resources that have to be bundled, but it is unknown how the bundling process is organized. In the same line, this study has only focused on the linear relationships between resources, process innovativeness and environmental innovativeness capabilities. There might be complementarity and substituting effects between the identified resources in the process of environmental innovativeness capability. Hence, future research should consider the group dynamics, inter-departmental cooperation, the organizing process underlying the bundling of innovation resources and stakeholder relationships, and the complementarities between innovation resources, process innovativeness and environmental innovativeness capabilities. Thus, in-depth case studies would be suitable to move the field forward. 
Furthermore, this research concludes with the development of environmental innovativeness capability. It is unknown how firms capture value with this capability. Hence, future research should study how environmental innovativeness capability is leveraged in order to enhance operational and financial performance of the firm. Additionally, there might be boundary conditions in the relationship between process innovativeness and environmental innovativeness capabilities. For instance, process innovativeness might have a stronger effect in more stable, and munificent industries. These ideas should be hypothesized and tested in multi-level models. 
Finally, there are three methodological concerns that should be noted when interpreting the results. Firstly, cross-section studies like the present study are less likely to truly explore the relationships between innovation resources and environmental innovation (Ghisetti and Pontoni, 2015). Future research could make use of panel data that might also provide opportunities to explore the longitudinal development. Secondly, the depth and breadth of R&D stakeholder cooperation should be better conceptualized and measured to provide a more precise understanding of how knowledge transfer enhance the development of environmental innovativeness capability. Finally, concerns regarding common method bias, due to single respondents, result in the need for careful interpretation of the empirical findings in this study (Antonakis et al., 2010). 
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[bookmark: _GoBack]Table 1: Sample distribution across industry
	Industry
	Number of enterprises for measurement model
	Number of enterprises for structural model

	Mining and quarrying
	82
	68

	Manufacture of good products, beverages, and tobacco
	277
	212

	Manufacture of textiles, apparel, leather and other products
	150
	119

	Manufacture of wood, paper, printing and reproduction
	302
	243

	Manufacture of coke, refined petroleum products, chemicals, basic pharmaceutical products, rubber and plastic, non-metallic mineral products
	535
	418

	Manufacture of basic metals, and fabricated metal products
	400
	323

	Manufacture of computer, electronics, optical products, electrical equip, machinery and equipment, motor vehicles, transport equip
	1020
	790

	Manufacture of furniture, repair and installation of machinery
	316
	257

	Electricity, gas, and steam supply
	144
	112

	Water supply, waste management
	279
	231

	Wholesale and retail trade
	178
	141

	Land transport, transport via pipelines, water transport, air transport
	220
	170

	Warehousing, support of transportation, postal and courier services
	165
	134

	Publishing activities, motion picture, programing and broadcasting
	137
	110

	Telecommunications, computer programming, information services
	257
	198

	Financial and insurance activities
	204
	141

	Legal and accounting services, management consultancy
	138
	118

	Architectural and engineering activities, scientific research, advertising
	412
	329

	Other professional, scientific, and technical activities
	19
	16

	Administrative and support services
	303
	216

	Total of enterprises
	5538
	4346




Table 2: Measurement model 
	Process innovativeness
	 : 0.5787 | CR: 0,789 | AVE: 0,556 

	
	Loading
	S.E.
	R2

	u1-New or significantly improved methods of manufacturing or producing goods or services
	0.693
	0.022
	0.481

	u2- New or significantly improved logistics, delivery, or distribution methods
	0.832
	0.021
	0.693

	u3-New or significantly improved supporting activities for your processes (e.g. maintenance, systems or operations for purchasing)
	0.704
	0.022
	0.496

	Environmental innovativeness
	: 0.8954 | CR: 0,960 | AVE: 0,727 

	The enterprise introduced a product, process, organizational or marketing innovation that…
	Loading
	S.E.
	R2

	u7-Reduced material use per unit of output
	0.840
	0.010
	0.706

	u8-Reduced energy use per unit of output
	0.920
	0.006
	0.847

	u9-Reduced footprint by your enterprise
	0.884
	0.008
	0.781

	u10-Reduced materials with less polluting or hazardous substitutes
	0.782
	0.012
	0.612

	u11-Reduced soil, water, noise, or air pollution
	0.902
	0.007
	0.814

	u12- Recycled waste, water, or materials
	0.835
	0.009
	0.697

	u13-Reduced energy use
	0.832
	0.010
	0.692

	u14-Reduced air, water, soil or noise pollution
	0.857
	0.010
	0.735

	u15-Improved recycling of product after use
	0.813
	0.011
	0.660

	Overall mesures of fitness 
	Pearson Chi= 29417 (p<1) | Log Likelihood Chi= 9057 (p<1)




Table 3: Descriptive statistics and correlations
	 
	N= 4346
	Mean
	SD
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	Environmental innovativeness
	-0.036
	2.493
	1.000
	
	
	
	
	
	
	
	

	2
	Process innovativeness
	-0.011
	1.283
	0.702
	1.000
	
	
	
	
	
	
	

	3
	(LN) In-house R&D
	0.093
	9.337
	0.317
	0.402
	1.000
	
	
	
	
	
	

	4
	(LN)External R&D
	-5.307
	8.166
	0.275
	0.337
	0.568
	1.000
	
	
	
	
	

	5
	(LN) Acquisition of machinery, software, etc.
	0.903
	9.210
	0.394
	0.536
	0.495
	0.402
	1.000
	
	
	
	

	6
	(LN) Acquisition of external knowledge
	-5.938
	7.387
	0.246
	0.328
	0.292
	0.381
	0.424
	1.000
	
	
	

	7
	Coop suppliers
	0.076
	0.265
	0.193
	0.241
	0.328
	0.342
	0.253
	0.209
	1.000
	
	

	8
	Coop universities
	0.138
	0.345
	0.208
	0.255
	0.498
	0.485
	0.276
	0.222
	0.422
	1.000
	

	9
	Coop Public research institutions
	0.062
	0.241
	0.190
	0.201
	0.341
	0.373
	0.225
	0.199
	0.320
	0.553
	1.000





Table 4: Name of the variables and its abbreviations  
	Name of variable
	Description
	Abbreviation

	Environmental innovativeness
	Factor score obtained in the CFA, explained in table 2
	Eninn

	Process innovativeness
	Factor score obtained in the CFA, explained in table 2
	Pinn

	Existing environmental regulation
	Dummy variable that indicates whether the enterprise has introduced an environmental innovation in response to existing environmental regulations or taxes on pollution
	Enreg

	Environmental regulation or taxes expected in the future
	Dummy variable that indicates whether the enterprise has introduced an environmental innovation in response to the expectation of future environmental regulations or taxes on pollution
	Enregf

	Financial incentives for environmental innovation
	Dummy variable that indicates whether the enterprise has introduced an environmental innovation in response to the availability of government grants, subsidies or other financial incentives for environmental innovation
	Engra

	Customer's demands for envrionmental innovations
	Dummy variable that indicates whether the enterprise has introduced an environmental innovation in response to current or expected demand from customers
	Endem

	Voluntary industry codes for environmental good practice
	Dummy variable that indicates whether the enterprise has introduced an environmental innovation in response to voluntary codes or agreements for environmental good practice within the industry
	Enagr

	Natural Logarithm of Internal R&D
	Natural logarithm of the expenditures on creative work undertaken within the enterprise to increase the stock of knowledge to develop new and improved products and processes
	lnINR&D

	Natural Logarithm of External R&D
	Natural logarithm of the expenditures on purchases of R&D activities performed by other enterprises, public or private research organizations, 
	lnExR&D

	Natual Logarithm of Acquisition of Machinery, Equipment, and Software
	Natural logarithm of the expenditures on acquisition of advanced machinery, equipment, and computer hardware or software to produce new or significantly improved products or processes
	lnAcMach

	Natural Logarithm of acquisition of external knowledge 
	Natural logarithm of the purchases of licencisng of patents, and non-patented inventios, know-how, and other types of  knowledge from other enterprises or organizations for the development of new or significantly improved products or processes
	LnAcExKnow

	Cooperation with Suppliers for Innovation
	Dummy variables that indicates whether the enterprise has had an active participation with suppliers of equipment, materials, components, or software on innovation activities
	Supp

	Cooperation with Universities for Innovation
	Dummy variables that indicates whether the enterprise has had an active participation with Universities or other higher education institutions on innovation activities
	Un

	Cooperation with Public Research institutions for Innovation
	Dummy variables that indicates whether the enterprise has had an active participation with the government or public research institutes on innovation activities
	PubRes


Table 5: Results of the mediation model 
	Environmental innovativeness
	Estimation
	S.E.
	Lower 2.5%
	Upper 2.5%
	Hyphoteses outcome

	Process innovativeness
	1.138***
	0.027
	1.084
	1.191
	Hypothesis 1 supported

	Enreg
	0.401***
	0.081
	0.242
	0.561
	

	Enregf
	0642***
	0.088
	0.471
	0.814
	

	Engra
	0.009
	0.113
	-0.212
	0.230
	

	Endem
	0.820***
	0.086
	0.668
	0.973
	

	Enagr
	0.742***
	0.076
	0.595
	0.892
	 

	Internal R&D
	 Hypothesis 2 supported

	Total effect
	0.023***
	0.004
	0.014
	0.031
	

	Specific indirect
	0.020***
	0.003
	0.014
	0.026
	

	Direct effect
	0.003
	0.004
	-0.005
	0.010
	

	External R&D
	Hypothesis 3 supported

	Total effect
	0.010**
	0.005
	0.000
	0.020
	

	Specific indirect
	0.007**
	0.004
	0.001
	0.014
	

	Direct effect
	0.003
	0.004
	-0.006
	0.011
	

	Acquisition of machinery, software, etc.
	Hypothesis 4 supported

	Total effect
	0.064***
	0.004
	0.056
	0.072
	

	Specific indirect
	0.063***
	0.003
	0.057
	0.069
	

	Direct effect
	0.001
	0.004
	-0.007
	0.008
	

	Acquisition of external knowledge (e.g. patents and licenses)
	Hypotheses 5 supported

	Total effect
	0.011**
	0.005
	0.001
	0.020
	

	Specific indirect
	0.018***
	0.003
	0.011
	0.024
	

	Direct effect
	-0.007*
	0.004
	-0.015
	0.001
	

	Coop suppliers
	Hypothesis 6 supported

	Total effect
	0.147
	0.129
	-0.106
	0.400
	

	Specific indirect
	0.316***
	0.089
	0.141
	0.491
	

	Direct effect
	-0.169
	0.111
	-0.386
	0.047
	

	Coop Universities
	Hypothesis 7 rejected

	Total effect
	-0.108
	0.121
	-0.345
	0.128
	

	Specific indirect
	0.049
	0.087
	-0.121
	0.219
	

	Direct effect
	-0.157
	0.102
	-0.358
	0.043
	

	Coop public Research Institutions
	Hypothesis 8 rejected

	Total effect
	0.383**
	0.152
	0.086
	0.681
	

	Specific indirect
	0.061
	0.101
	-0.138
	0.259
	

	Direct effect
	0.323***
	0.124
	0.080
	0.566
	

	***p<0.01 | **p<0.05 | *p<0.10
	
	
	
	




Figure 1: Empirical Model and Hypotheses 
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