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Abstract

:

In this study, we pursue two objectives. First, we analyse the influence of product, process, and non-technological innovation on environmental performance. Second, we explore the existence of complementarities or substitutabilities between the different combinations of these three types of innovations to learn which combinations improve or worsen environmental performance. The analyses were performed using data from the 2013 Technological Innovation Panel (PITEC) for Spanish manufacturing companies. We use the two-stage least-squares method as an instrumental variable estimator, which allows us to control the endogeneity and obtain consistent estimators. Our findings indicate that product innovation and process innovation have a negative influence on environmental performance. Likewise, we have also found that the simultaneous implementation of product innovation and process innovation is unconditionally substitutive and that the joint implementation of process innovation and non-technological innovation is conditionally substitutive. This result reinforces the position of those researchers who have pointed out that the association between a greater technology orientation and a better firm environmental performance is probably too simplistic. Finally, it should be emphasized that only non-technological innovation contributes to achieving better environmental performance and that the joint implementation of product innovation and non-technology innovation is conditionally complementary.
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1. Introduction


Environmental innovation is similar to conventional innovation [1]. What differentiates environmental innovation and conventional innovation is the objectives that they pursue. In this sense, environmental innovation is usually defined as the innovation that aims at sustainable development through the reduction of environmental risks, pollution, and other negative impacts that are derived from the corresponding use of resources [2]. However, the achievement of the objectives that environmental innovation pursues is influenced by the different types of innovation that exist and are implemented [3]. These types of innovations can be classified as technological, in case of product or process innovations, or as non-technological, in the case of marketing or organizational innovations [4].



In relation to environmental innovation, this paper pursues two central objectives. First, we analyse the extent to which the different types of classical innovation (product, process, organizational, and marketing) contribute to achieving the objectives that environmental innovation pursues (hereinafter, environmental performance). As far as our knowledge extends, only one study tries to analyse the influence of the four basic types of innovation (product, process, organizational, and marketing) on environmental performance [5]. Our paper contributes to extending and completing this investigation by providing more empirical evidence about the impact of the four basic types of innovation on the objectives that environmental innovation pursues.



Second, we analyse the existence of positive and negative synergies (complementarities and substitutabilities) between the different combinations of these four types of innovation. In conventional innovation, studies of this kind exist, although they are scarce (e.g., References [6,7]) due to the difficulty involved in conducting them [8]. In the field of environmental innovation, we are not aware of the existence of any previous research. This paper tries to fill the gap by providing empirical evidence in the field of environmental innovation.



To check the existence of complementarity or substitutability between different types of innovation, we use the complementarity approach [9,10], an approach that has recently been used in empirical studies on innovation and is becoming increasingly popular (e.g., Reference [6,11]). This complementarity approach allows us to check if the interaction between two types of innovation increases or decreases the final result pursued; that is, the joint final result may be higher or lower than the sum of the individual contributions of each innovation implemented. If the final result is higher than the sum of the corresponding individual contributions, it is said that the innovations implemented are complementary. On the contrary, if the final result is lower, then it is said that the innovations analysed are substitutes. Knowing this information in advance is vital since it allows companies to design the cocktail of types of innovation that are more convenient.



Now, in the complementarity approach, the relationship between variables is tested pairwise [12], so the number of tests to be executed depends on the number of variables of which the interaction is to be studied. For example, if two variables are analysed, it is only necessary to run one complementarity test. However, if there are three variables, it will be necessary to perform six complementarity tests, since there are three pairs of different variables in a set of three variables, and there are two alternative possibilities in each pair, depending on whether the third variable that does not belong to the analysed pair is present. Obviously, if there are four variables for which the complementarity is to be analysed, it will be necessary to carry out a total of twenty-four complementary tests. Therefore, as the extent of the number of variables whose complementarity is analysed increases, the number of complementary tests that must be undertaken increases by a geometric proportion. This provokes very extensive studies at the same time, which makes the corresponding analysis of complementarity difficult and enormously obscure due to the multiple interrelations that simultaneously have to be considered. For this reason, papers that address the complementarity analysis of more than three variables are unusual. Most complementary studies are carried out on three variables. Generally, if there are more than three variables, the complementarity analysis focuses on the two variables of greatest interest, while the remaining variables are transformed into a single variable (e.g., References [6,10]).



This study focuses on the Spanish manufacturing sector. Therefore, the two variables of greatest interest are product innovation and process innovation since product innovation and process innovation is usually associated with the manufacturing sector (e.g., Reference [13]). Therefore, in this study, organizational innovation and marketing innovation are subsumed into a single class called non-technological innovation. Accordingly, we conduct a complementarity analysis using the product innovation, process innovation, and non-technological innovation variables.



To respond to the two proposed objectives, this paper is divided into the following sections. In the next section, we establish the theoretical background and propose the corresponding hypotheses. Next, we describe the source of the data used, define the variables, and detail the methodology employed. In the subsequent section, we present and discuss the results. Finally, in the last section, we present the conclusions.




2. Theoretical Background and Hypotheses


The objective of this study is to explore the extent to which different types of innovation (product, process, and non-technological) contribute to the achievement of the environmental objectives pursued by companies (environmental performance). We are also interested in analysing whether the different combinations of these types of innovation produce positive synergies (complementarity) or negative synergies (substitutability). Knowing in advance which combinations of types provide substitutive results is crucial since this knowledge can be used to avoid those combinations of innovation types that reduce environmental performance.



2.1. The Literature and Hypotheses on the Influence of the Types of Innovation on Environmental Performance


In the field of environmental economics literature, there are two basic lines of research on the relationship between environmental innovation and performance, depending on whether the focus is on business performance or environmental performance. On the one hand, the studies that explore the relationship between environmental innovation and business performance report contradictory results. There is empirical research that points out that environmental innovation is too costly, which is why business performance tends to decrease as investments in environmental innovation increase (e.g., References [14,15,16]). However, there is also a smaller number of studies that support a positive relationship between environmental innovation and business performance (e.g., Reference [17]). The dilemma is as follows [18]: ‘is the environment a “strategic competitive factor”, such as from the “Porter point of view” [19,20,21], or is it a “luxury good”, such as from the “Wagner point of view” [22,23]?’ On the other hand, the second basic line of research analyses the relationship between environmental innovation and environmental performance. In this second line, studies confirm the existence of a positive and significant relationship between environmental innovation and environmental performance [24,25].



This study focuses on the second line of research, that is, on the relationship between environmental innovation and environmental performance. However, it does so from a barely treated perspective, exploring the individual and simultaneous influence of different types of innovation (product, process, and non-technological innovation) on environmental performance. While the extant studies focus on exploring the individual influence of different types of innovation on environmental performance, little attention is paid to analysing all types of innovation jointly and no attention is paid to the interactions between these different types of innovation.



Product innovation in the environmental context has a fundamental objective: the design or development of a product that is new or significantly improved and that contributes to the reduction of environmental risk. This can occur due to one or more of the following causes: it uses fewer polluting materials, less material is used and less energy is consumed in its production, or the new product is easy to recycle, reuse, and decompose [14,26,27].



In the literature on environmental innovation, there are studies that confirm the relationship between environmental product innovation and performance (e.g., References [28,29]). In the specific field of environmental performance, there are studies that indicate that product design modifications contribute to the improvement of energy efficiency [30] and that product packaging with biodegradable materials contributes to generating a lower environmental impact [31]. Likewise, other authors point out that environmental product design is positively associated with environmental performance [32]. Therefore, given the above arguments, we intuit that there is a positive and significant relationship between product innovation and environmental performance, and we propose the following hypothesis:

Hypothesis 1.

Product innovation has a positive and significant influence on environmental performance.







Environmental process innovation aims at the design and development of new or modified production equipment, together with methods and procedures that minimize the environmental impact [26,33].



The manufacturing industry is considered to be one of the sectors that consumes more resources and generates more pollution than others [34]. Therefore, this industry offers a wide margin for the implementation of innovative strategies that lead to an improvement of the environmental impact [25]. The innovation strategy that is most linked to cost reduction is process innovation [35]. Therefore, environmental process innovation is the most important component of the set of environmental innovation types available [25]. However, the literature on environmental process innovation is very scarce [36].



Environmental process innovation makes it possible to reconcile the objective of reducing costs and reducing the environmental impact. Some studies find a strong link between process innovation and sustainability engagement [37]. However, since process innovation plays a very important role in the viability of companies, in the analysis of their influence on environmental performance, it is necessary to consider three vectors: the level of profitability (productivity), the age of the companies (young companies versus mature companies), and/or the degree of use of flexible technologies (traditional technologies versus flexible technologies).



The primary objective of companies is to survive, that is, to have economic viability [38]. Therefore, all their strategic and operational decisions must take this premise into consideration. Often though, the economic viability of the companies conflicts with other objectives, the persecution of which, in certain circumstances, deteriorates the companies’ bases of profitability. Sometimes this happens to companies that pursue high environmental performance as a result of pressure from the corresponding governments and stakeholders. If the profitability of these companies is not good, the pursuit of environmental objectives can end up making the business profitability negative. Given that one of the main sources of companies’ profitability is innovations [39], companies with profitability problems tend to use these innovations in defence of their economic viability, delaying their use in achieving environmental objectives [40], mainly in times of strong economic recession [41]. In fact, the literature on environmental innovation recognizes that companies with better economic/financial performance develop more environmental initiatives (e.g., References [18,42]). Therefore, when companies have a poor positive or negative rate of return, it is expected that the relationship between process innovation and environmental performance will be negative.



On the other hand, we must bear in mind that the resources and capacities accumulated by companies are related to their age [43] and that the performance and many of the strategic decisions that companies make are influenced by such a variable [44]. As age increases, companies tend to exploit their existing technological competencies rather than exploring new and unfamiliar technologies [45]. That is, young companies rely more on product innovation, while mature companies rely more on process innovations. Therefore, with the passage of time, companies focus on standardized technologies and the routinization of processes [46] and set their priority on economic survival [38]. As a result, they devote fewer resources and capacities to the development of environmental activities. One study analyses the influence of process innovation on the environmental performance of companies, taking into account the passage of time. The study focuses on companies belonging to Spanish science and technology parks [37]. This study verifies that, with the passage of time, the relationship between process innovation and environmental sustainability engagement becomes negative.



On the other hand, the influence of process innovation on business performance and environmental performance also depends on the kind of technology (traditional or flexible) that is used in the production process. The traditional technology is too rigid and does not allow companies to attend effectively and efficiently to more than one objective, simultaneously. However, modern flexible technologies are capable of concurrently meeting different objectives, some of which are contradictory when using traditional process technologies. Therefore, the use of flexible process technologies facilitates companies’ simultaneous pursuit of economic benefits and environmental benefits, without endangering their future economic viability. On the contrary, companies that use traditional process technology may find it difficult to pursue economic benefits and environmental benefits at the same time. As their survival depends on achieving high business performance, they postpone the pursuit of environmental benefits. Obviously, in the aforementioned circumstances, the relationship between process innovation and environmental performance may be negative.



In general, Spanish companies have an average level of productivity that is lower than companies in other advanced European countries [47] and exhibit a low level of use of flexible technologies [7,48]. Therefore, according to the previous arguments, it is expected that, among Spanish manufacturing companies, the relationship between process innovation and environmental performance will be negative. The above arguments lead us to formulate the following hypothesis:

Hypothesis 2.

Process innovation has a negative and significant influence on environmental performance.







The contribution of organizational environmental innovation to the achievement of environmental benefits is poorly studied. However, some studies indicate that this relationship is positive. For example, there are authors who defend the idea that a firm’s organizational capacity positively influences its environmental innovation intensity [49,50] as well as its possession of a strong organizational knowledge base [51]. In general, the innovation literature recognizes that organizational capability has a positive influence on environmental performance [52,53,54].



Marketing capabilities are related to the knowledge of the competition and customers as well as the ability to segment markets, develop effective advertising campaigns, set prices, and integrate with the other functions of the company [55]. These abilities are difficult to imitate; therefore, they are an invaluable source of competitive advantage [56]. For this reason, many authors consider that marketing capabilities are one of the key functions of companies (e.g., Reference [57]). Different studies analyse the relationship between marketing capabilities and performance. In general, these studies find that this relationship is positive and significant (e.g., Reference [58]).



However, in the environmental field, the relationship between marketing capabilities and environmental performance is barely studied; very few empirical studies analyse this relationship. Two recent empirical studies have focused on this subject. On the one hand, Reference [59] find that marketing capabilities significantly affect environmental management practices, which in turn leads to better environmental performance. On the other hand, Reference [60] find that marketing capacity significantly moderates the relationship between environmental regulation and environmental innovation strategy, which leads to the achievement of greater environmental performance.



As the literature supports the assertion that organizational and marketing innovation (non-technological innovation) have a positive influence on environmental performance, we propose the following hypothesis:

Hypothesis 3.

Non-technological innovation has a positive and significant influence on environmental performance.








2.2. Hypotheses about the Complementarity of Innovation Types in Relation to Environmental Performance


In the economic literature, there is a broad and intense debate about the synergistic effects that occur when product innovation and process innovation are implemented simultaneously. On this subject, there are two conflicting views. On the one hand, the product–process matrix (PPM) framework argues that the relationship between the two types of innovation is of a substitute nature. On the other hand, the new PPM version considers that the nature of this relationship is complementary.



The PPM is proposed for the first time by References [61,62], extending and completing the previous contributions of References [63,64]. The PPM framework states that, when process innovation has a greater weight, the product range and production costs will reduce gradually. That is, for this approach, there is a direct trade-off between product innovation and process innovation so that changes in the relative weights of the two types of innovation lead to changes in the ‘efficiency–product range’ mix. Consequently, if product innovation gains weight, customization increases and efficiency decreases; on the other hand, if the one that gains weight is process innovation, we can expect an increase in efficiency and a decrease in customization. In short, for the PPM, product innovation and process innovation are substitutes.



The empirical studies about the PPM framework are not very abundant, and their results reflect a certain degree of contradiction. Thus, some empirical investigations endorse the PPM postulates (e.g., Reference [65]), while others do not endorse them (e.g., Reference [66]).



On the other hand, it must be underlined that, with the increasing implementation of new processing technologies (e.g., computer-integrated technology) and new product designs (e.g., computer-aided design), many authors find that the trade-offs between product innovation and process innovation have changed: it is now common to find combinations of product innovation and process innovation with high levels of customization and high levels of efficiency simultaneously (e.g., Reference [67]). In other words, the incorporation of new product and process technologies transforms substitute relationships into complementary relationships. Therefore, the new PPM version states that the simultaneous implementation of product innovation and process innovation produces a result that is greater than the sum of the corresponding individual contributions.



In consequence, in the new PPM version, two different types of interaction between product innovation and process innovation are deduced:




	(a)

	
If the use of traditional technologies prevails in the productive process, the relationship between product innovation and process innovation is uncertain, depending on the objectives pursued by the company. If the company fundamentally pursues efficiency, the relationship can be complementary. On the contrary, if the company pursues more than one objective simultaneously (for example, efficiency and the improvement in the environmental impact), the relationship can be substitutive, depending on the level of profitability and economic sustainability enjoyed by the company. In a scenario of intense economic and financial precariousness, the company will concentrate all its efforts on improving its efficiency and not allocate resources to environmental improvement. This happens because the traditional technology is a single lane insofar as it does not allow opposing objectives to be met satisfactorily and simultaneously. Pursuing contrary objectives simultaneously can seriously damage efficiency and jeopardize the economic viability of the company.




	(b)

	
On the contrary, if the use of flexible technologies prevails in the productive process, the relationship between product innovation and process innovation can be complementary since this kind of technology allows for the simultaneous achievement of different objectives without the loss of efficiency.









In view of the foregoing, it can be deduced that, in productive environments that use flexible technologies, the simultaneous implementation of both types of innovation is not contraindicated. However, in productive environments that prefer traditional technologies, the simultaneous implementation of both types of innovation can be problematic. In this case, the implementation of one or the other kind of innovation depends on the objective that is prioritized since, in this kind of environment, efficiency, customization, and environmental improvement can hardly be achieved simultaneously.



In the Spanish manufacturing sector, there is a predominance of small and medium-sized companies with low R&D expenditures that prefer to use traditional low technology [68]. Consequently, Spain is a moderate innovator [69]. Therefore, in accordance with the prescriptions of the new PPM version, we intuit that, in the Spanish manufacturing sector, the relationship between product innovation and process innovation is substitutive; that is, the simultaneous implementation of strategies that pursue product innovation and process innovation decreases environmental performance. Consequently, in accordance with the literature review conducted and the structure of Spanish manufacturing companies, we propose the following hypothesis:

Hypothesis 4.

The relationship between product innovation and process innovation is substitutive with respect to environmental performance.







A large part of the innovation literature considers that technological innovation is a driver of non-technological innovation (e.g., Reference [70]). However, there are also authors who point out that, in many cases, non-technological innovations precede technological innovations (e.g., Reference [71]). In any case, there is no doubt that both types of innovation are usually implemented jointly, which results in the two kinds of innovation influencing each other [72], increasing the likelihood that the innovation process will be successful [73]. In this study, we are interested in analysing the benefits or damages that are derived from the joint implementation of product innovation and non-technological innovation.



Non-technological innovation is made up of organizational innovation and marketing innovation; therefore, the relationship between product innovation and non-technological innovation will be determined by the weight of organizational innovation and marketing innovation in the non-technological innovation variable.



The influence of organizational innovation on environmental innovation is rarely studied (e.g., References [49,50]). However, in the environmental context, we do not know of any studies that address the analysis of the environmental benefits derived from the simultaneous implementation of product innovation and organizational innovation. In the context of classical innovation, research does exist, although it is relatively recent. Thus, for example, Reference [74] finds that the joint implementation of organizational innovation and product innovation has a positive impact on firms’ return on sales, while Reference [6] finds that this relationship is complementary in France and statistically not significant in the UK. On the other hand, in the context of the Spanish manufacturing sector, Reference [7] reports a non-relation between the two types of innovation while Reference [75] finds that the production process performance increases when companies adopt organizational and technological innovation simultaneously. Therefore, these studies suggest that the relationship between product innovation and organizational innovation is complementary or independent but in no case substitutive.



With regard to the relationship between product innovation and marketing innovation, we must bear in mind that product environmental innovation aims to achieve new products with the lowest possible environmental impact or significantly improved products that have a lower environmental impact than the products that they replace. However, along with the need to create new products that contribute to the sustainability of the environment, the companies that manufacture these products must also be sustainable; that is, they must be able to allow customers to buy these new products at a price that makes the viability of the companies possible. Marketing innovation can decisively help this to happen, as it can help customers to buy the new products that the company offers. Likewise, innovation in marketing can be a guide for the development of product innovation, helping companies to define a more competitive pricing policy that meets the objective of cost reduction [76] as well as achieving better recognition of their customers’ needs [77]. Therefore, all these arguments are clear indications that product innovation and marketing innovation reinforce each other, so their relationship should be complementary. In this sense, in the context of the service sector of the Spanish economy, it is found that technological innovation and innovation in marketing are complementary [78].



Since it can be concluded that both organizational innovation and marketing innovation are likely to be complementary to product innovation, we propose the following hypothesis:

Hypothesis 5.

The relationship between product innovation and non-technological innovation is complementary with respect to environmental performance.







Innovation is not only the development of new products and processes (technological innovation) but also the adoption and/or development of new forms of organization and marketing (non-technological innovation) [79]. Technological and non-technological innovation are interdependent [80] insofar as it is precisely non-technological innovation that facilitates the further development of technological innovation [74]. It is currently recognized that different types of innovation influence each other, which is why many authors consider that their joint implementation provides a greater performance than the sum of their individual implementations [72,81]. Consequently, many authors consider that future research should pay greater attention to the impact that the simultaneous implementation of technological innovation and non-technological innovation has on the performance of companies [74,82].



In this sense, in this section, we try to reflect on whether the joint implementation of process innovation and non-technological innovation generates positive synergies (complementarity) or negative synergies (substitutability) for environmental performance. To achieve this, we must take into account the context (the Spanish manufacturing sector) and the role played by both organizational innovation and marketing innovation in relation to process innovation.



Process innovation and organizational innovation are the most significant innovation strategies [83]. Likewise, the literature on innovation recognizes that organizational innovation plays an important role in the innovation process (e.g., Reference [84]). The main objective of both types of innovation is to reduce costs [35,85]. Therefore, the joint implementation of both types of innovation can generate complementarity or substitutability, depending on whether they reinforce each other or cancel each other out, a question that largely depends on the context. For example, the results of complementarity/substitutability relationships between product innovation, process innovation, and organizational innovation in France and the UK are different [6].



The Spanish manufacturing sector is formed mainly of small companies [86] with scarce financial resources to undertake costly innovations. In addition, it should be emphasized that, in general, the implementation of organizational innovations, although not initially requiring large investments, consumes resources [87]. Therefore, small companies are not always able to implement the two types of innovation jointly, so they are forced to opt for the implementation of a single type of innovation, especially when both types pursue the same objective of reducing costs. Therefore, the joint implementation of process innovation and organizational innovation may lead to trade-offs in terms of resources and, consequently, possibly generate substitution relations.



However, in non-technological innovation, we must also consider the role that marketing innovation plays since companies must conveniently integrate the product, process, organizational, and marketing innovation [88].



Marketing innovation involves the implementation of significant improvements in some of the marketing elements, such as product, price, promotion, distribution, and market. Therefore, marketing innovation refers to changes in the context in which goods are introduced to the market, taking into account the consumers’ needs, in terms of either perceived value or price.



It is not enough to create new products (product innovation) or reduce the production costs of existing products (process innovation). It is also necessary to adopt new products or new prices to the unmet needs of the customers. In this sense, marketing innovation seeks to convince customers to perceive an increase in value if they consume the new product, which allows the offering company to obtain the benefits derived from the possession of a differentiation advantage or to contribute, for example, to reducing the corresponding distribution costs, helping to build a cost advantage [89].



Designing, developing, and marketing a new product requires the deployment of significant marketing capacity since it is necessary to have in-depth knowledge of the unmet needs of potential customers and convince these potential customers to buy the new product [90]. Therefore, the existence of important positive synergies (complementarities) in relation to environmental performance can be expected from the relationship between product innovation and marketing innovation. However, in most cases, the achievement of market benefits derived from the implementation of process innovations that contribute to the reduction of production costs has a much lower demand in terms of the deployment of marketing capabilities, since, in this case, it concerns existing products that have previously made the necessary investments to penetrate the market. Consequently, the existence of high positive synergies between process innovation and marketing innovation cannot be expected. Even in this case, it is likely that there will be no statistically significant relationship between process innovation and marketing innovation.



In the complementarity approach, complementarity tests are carried out between pairs of variables. When the complementarity between process innovation and non-technological innovation is analysed, two tests need to be carried out: one for the companies that do not implement product innovation and the other for the companies that do implement product innovation. Taking into account that the non-technological innovation variable is formed by organizational innovation and marketing innovation, and being aware of the synergies expected and previously commented on between these two types of innovation and process innovation, we propose the following hypothesis:

Hypothesis 6.

The relationship between process innovation and non-technological innovation with respect to environmental performance is: (a) substitutive among companies that do not implement product innovation; (b) non-existent between the companies that do implement product innovation.









3. Data, Variables, and Methodology


3.1. Data


We use the 2013 Technological Innovation Panel (PITEC) data for Spanish manufacturing firms. The PITEC is based on the Community Innovation Survey (CIS) database. After removing the observations with missing values we obtain 4543 observations.



CIS is one of the most used datasets in innovation studies. There are many empirical studies that have used data from the CIS (e.g., References [91,92]). Recently, the data from the CIS are also being used to carry out studies on environmental innovation (e.g., References [92,93,94,95]). Two of the most important advantages that have the use of data from the CIS are the important volume of observations and the confidence on the reliability of your data [91], as the classic problems of interpretability, reliability, and validity are considered as negligible (e.g., References [91,96]). However, the use of the CIS data also has drawbacks. The data collected are self-reported by the respondents, so they may exhibit a certain degree of subjectivity [92]. However, Reference [97] points out that the subjective measures of innovation surveys tend to be consistent with the corresponding objective measures of innovation.




3.2. Variables


Our dependent variable, environmental performance, is based on the importance that companies attach to a set of environmental objectives. The PITEC asked the companies for the degree of importance of the following firm innovation objectives (valued between 0 and 3, depending on their importance): using less material per unit produced; using less energy per unit produced; exerting a lower impact on the environment; and complying with the requirements for the environment. These objectives constitute some of the most important environmental benefits that are derived from the implementation of different types of innovation [98] and ‘are therefore essential to help in the assessment of the private R&D environmental performance in Europe’ [98]. In addition, these environmental objectives (benefits) constitute the benchmarks of different indicators that try to measure the environmental performance [2]. Likewise, these benchmarks of environmental performance are also used as an indicator of eco-innovation (e.g., Reference [99]), insofar as environmental innovation is usually defined as ‘actions taken by individuals or teams that improve the environmental performance of companies’ [100].



The independent variables of interest are product innovation, process innovation, and non-technological innovation. To implement complementarity tests it is necessary to define these variables in mode (0/1).



Finally, this study uses four variables that act as contextual and control variables, the relevant role of which is recognized in the literature on innovation and business performance.



In general, the literature on innovation recognizes that the innovation capacity of companies is based not only on their own resources and ability to use these resources but also on the opportunities to obtain new solutions, technologies, concepts, and ideas created by other entities that operate in the environment [101]. From the information provided by the PITEC, we construct the openess variable.



Companies that sell in international markets are subject to greater competitive pressure [102] since they have to satisfy very complex heterogeneous needs. One of these needs concerns the existence of demanding environmental regulations, an issue that pushes exporting companies to implement environmental innovations [103]. Therefore, in this study, we use Export as a proxy variable for competitive pressure, a form of pressure that has an important influence on the innovative activity of the company and its environmental performance [104].



Likewise, it is assumed that companies belonging to a group are more likely to achieve better levels of performance than independent firms [105] and have better access to the internal information sources of the group that can improve their corresponding innovation capacities [106]. In this sense, the PITEC provides direct information on the belonging of the company to a group.



Size constitutes one of the critical variables regarding the innovative performance of companies [107], although the sign of its influence on environmental innovation is uncertain [108]. The PITEC provides the number of employees of companies.



Schumpeter places innovation at the center of his first great contribution [109] and shows that the role of innovation is fully endogenize [110]; that is, it is not an exogenous variable that can be defined outside the model [111] but is internally induced by needs and pressures [112]. Consequently, we consider the three innovation variables that we incorporate into our model (product, process, and non-technological innovation) as potentially being endogenous. The complementarity approach requires that the variables of which the complementarity is to be evaluated are defined in the (0/1) mode and that from these variables all possible exclusive combinations are defined. As there are three variables of interest (product, process, and non-technological innovation), there will be eight exclusive combinations, of which only one will not represent any technological option (in particular, it will be the variable 000 that represents the option in which no type of innovation is present). Therefore, in our model, there are seven exclusive potentially endogenous combinations.



To control this potential endogeneity, we use the two-stage least squares (2SLS) method as an instrumental variable estimator. This method requires the use of at least as many instrumental variables as potentially endogenous variables exist in the model. Therefore, we include those variables that are identified in the literature on innovation as being important instrumental variables and that are available in the Community Innovation Survey database (e.g., References [113,114]): RD activities, training, RD subsidy, RD internal capacity, training capacity, innovation capacity, and cooperation with clients, suppliers and competitors.



A precise definition of how the variables were constructed can be found in Table 1.




3.3. Methodology


The theory of supermodular games, based on the mathematical model developed by Reference [9], allows us to formalize the necessary conditions to understand the relationship of complementarity/substitutability between two variables. Formally, it is said that two activities are complementary if the sum of the benefits that result from the implementation of one or the other is less than the benefits that are obtained from their joint implementation [115].



To implement the approach of complementarity proposed by Reference [10], it is necessary to define an objective function. Suppose that there are two activities, Xi and Xj, and Z is a vector of exogenous variables in an objective function F(Xi, Xj, Z). Assume that Xi and Xj are dichotomous choices that take the value 1 if they are adopted by the firm and the value 0 if they are not. The complementarity approach regresses the objective pursued on a unique combination of the two activities considered and on the vector of exogenous variables:


F(Xi, Xj, Z) = β00(1 − Xi)(1 − Xj) + β10Xi(1 − Xj) + β01(1 − Xi)Xj + β11XiXj + βzZ + e








where β11 measures the cross-partial returns of choosing Xi and Xj jointly; β10 for choosing only Xi; β01 for choosing only Xj; and β00 for choosing none of them. Therefore, we can say that the objective function F(Xi, Xj, Z) is supermodular and that Xi and Xj are complementary if [116]


β11 + β00 − β10 − β01 > 0











Obviously, it can be said that the objective function F(Xi, Xj, Z) is submodular and that Xi and Xj are substitutes if [116]


β11 + β00 − β10 − β01 < 0











The number of inequalities that will need to be contrasted will depend on the number of variables for which complementarity is sought [12]. In our particular case, since there are three variables to consider, the number of restrictions to be tested will be six. For example, if we want to test for the complementarity between product innovation and process innovation, we have to test the two following non-trivial inequalities:


β110 + β000 − β100 − β010 > 0 (between companies not engaged in non-technological innovation)










β111 + β001 − β101 − β011 > 0 (between companies engaged in non-technological innovation)











In this study, we use two models. In model I, we incorporate all the previously defined variables. The determination of the coefficients of these variables will allow us to test Hypotheses 1, 2, and 3. In model II, we substitute the product innovation, process innovation, and non-technological innovation variables with eight exclusive profiles of these three variables. For example, the variable 110 represents the unique combination of companies that use product innovation and process innovation but do not use non-technological innovation. The coefficients of the eight exclusive variables will be used to contrast Hypotheses 4, 5, and 6.



However, our models incorporate potentially endogenous variables. In model I, product innovation, process innovation, and non-technological innovation are potentially endogenous. In model II, there are seven potentially endogenous variables (the seven exclusive combinations with the technological content of the eight possible combinations of product innovation, process innovation, and non-technological innovation).



When there are endogenous variables, the OLS estimators are inconsistent. Therefore, it is necessary to control the potential endogeneity. Consequently, we use the two-stage least-squares (2SLS) method as an instrumental variable estimator, which allows us to control the endogeneity and obtain consistent estimators.



Our econometric strategy is to perform endogeneity tests to distinguish which variables are endogenous and which are exogenous. According to the results, we return to specifying the model in successive steps and estimate the corresponding coefficients. In the last step, the variables that are definitely endogenous are defined. The estimated coefficients of the last step will be used to perform the corresponding hypothesis tests. Likewise, when the number of instrumental variables is greater than the number of potentially endogenous variables in the successive steps, we will perform an overidentification test, and, if necessary, we will proceed to redefine the set of instrumental variables that best represents the new set of potentially endogenous variables.





4. Results and Discussion


The descriptive statistics of the variables used in this study are reflected in Table 2.



Of the firms, in average terms, 33% implement procedures that aim to reduce their environmental impact. This figure coincides with that obtained by another study on the French economy [5]. However, in this study, the figures on the implementation of different types of innovation are manifestly divergent between the two countries. In Spain, product innovation and process innovation are introduced by 44% and 40%, respectively, while the corresponding figures for France are 67% and 61%, respectively. Likewise, in Spain, 46% of companies implement non-technological innovation, while, in France, 70% of companies carry out organizational innovation. In light of these results, it is clear that Spain is a moderately innovative country [69].



In relation to the descriptive statistics of the eight exclusive combinations obtained from the three types of innovation analysed in this study, we find that the most-used combination is the absence of any type of innovation (33%), followed by the combination that reflects the use joint of the three types of innovation (21%) and the implementation of non-technological innovation alone (10%). The last result supports the assertion that non-technological innovation plays a very important role among innovative firms [2].



Table 3 shows the estimated coefficients of model I, allowing us to analyse the influence of the three types of innovation on environmental performance and, consequently, to test Hypotheses 1, 2, and 3.



Regarding Hypothesis 1, we found that product innovation has a negative influence on environmental performance, although it is not statistically significant. Therefore, Hypothesis 1 is not supported. This result is similar to that obtained by Reference [14], with the difference that in that study the influence of product innovation is positive, while in ours it is negative. This difference is probably due to the fact that our analysis uses environmental performance as a dependent variable and the study by Reference [14] uses firm performance. Other studies on Spanish companies have also found that environmental proactive initiatives have no statistically significant influence on financial performance [117].



Regarding Hypothesis 2, we find that process innovation has a negative and statistically significant influence on environmental performance. This result supports Hypothesis 2. Similar behaviour is found in a recent study among mature companies that operate in a science and technology park [37].



In our opinion, the negative association of product and process innovation with environmental performance has its origin in the important weakness that Spanish manufacturing companies exhibit on average, both in terms of size and in terms of financial performance. This forces them to dedicate most of their energy to fighting for their survival, so obtaining the maximum possible efficiency becomes a fundamental objective while the environmental objectives become secondary. In the same sense, some authors point out that, in certain situations, firm survival and economic sustainability become the main objectives of many companies [38].



We find a significant positive impact of non-technological innovation on environmental performance. This result supports Hypothesis 3. In this sense, some authors suggest (e.g., Reference [118]) that the implementation of product innovation and process innovation often involves the implementation of environmental management systems [119] and total quality management [120], which generally has a positive impact on environmental performance [121,122]. There are hardly any empirical studies that analyse the influence of non-technological innovation on environmental performance. One of these few studies, which focused on French companies, also found that new organizational methods and new ways of designing, packaging, and distributing products significantly reduce the energy used in products and the pollution that they cause and increase their recyclability [5].



Table 4 shows the endogeneity tests carried out in model I on the three potentially endogenous variables. In the first step, the endogeneity test rules out the endogeneity of the product innovation variable, so, in the estimation of the model in the second step, this variable becomes exogenous. The endogeneity tests carried out in the second step confirm that the endogenous variables in model I are process innovation and non-technological innovation.



Table 5 shows the estimated coefficients of the two-stage least squares (2SLS) as the instrumental variables model (model II). Our goal is to perform complementary tests on the three innovations analysed. We are only interested in the coefficients of the eight unique combinations of the three types of innovation as these factors are essential to perform complementary tests.



Table 6 shows the endogeneity tests carried out in model II on the seven potentially endogenous variables.



Table 7 shows the results of the complementarity tests undertaken. As we have previously verified (model I), the environmental impact of product innovation and process innovation is negative. It seems obvious that the implementation of both types of innovation seeks not to improve the environmental contribution of companies but to achieve greater economic efficiency. Now, with the complementarity tests, we try to determine whether the joint implementation of both types of innovation increases or decreases this negative environmental impact.



The complementarity test indicates that the relationship between product innovation and process innovation is substitutive. Therefore, this result supports Hypothesis 4. Consequently, the simultaneous implementation of both types of innovation further increases the negative environmental impact. It follows that with the current productive structure of the Spanish manufacturing industry—characterized by a small business size, financial difficulties, and a scarce presence of flexible technologies—the joint implementation of product innovation and process innovation is not environmentally appropriate. Consequently, everything seems to indicate that, with the current technological structure, Spanish manufacturing companies cannot simultaneously achieve the objectives of efficiency and the protection of the environment. However, when complementarity is analysed in relation to efficiency objectives (productivity, financial performance, etc.), the literature on innovation reports the existence of complementarity between product innovation and process innovation, both in the Spanish economy and in other economies (e.g., References [7,123]).



Due to its disruptive nature, product innovation is almost always accompanied by non-technological innovation since it is often necessary to modify or restructure the production process (process innovation and organizational innovation) and the implementation of new marketing practices (marketing innovation). If these are new products that seek to improve the environmental impact, these restructuring and new practices are even more necessary, so that we can expect a complementary relationship between the two types of innovation. In the environmental field, we do not know of studies that explicitly explore this relationship, and in the case of classical analyses of innovation, this type of study is very rare.



For example, Reference [7] finds that in Spain there is no relationship between product innovation and organizational innovation, while in France [6], this relationship is conditional complementary. In the strict environmental field, there are studies that postulate that ‘sustainable innovations orientation will be greater in firms with higher levels of organizational slack than in firms with lower levels of organizational slack’ [100]. Therefore, as long as there are possibilities to implement organizational innovations, sustainable innovation orientation will be greater, and with this, environmental performance will be greater. Obviously, this increases the likelihood of the existence of complementarity between organizational innovation and other types of innovation.



The relationship between product innovation and new marketing capabilities and its impact on firm performance is still less studied, although there are authors who stress that the success of the development and commercialization of new products is related to the implementation of marketing practices [124]. In this sense, there is a study that points out the existence of a correlation between marketing and R&D capabilities and firm performance [125]. On the other hand, in the environmental field, evidence indicates that the relationship between environmental product innovation and marketing capabilities of a promotional nature has a positive impact on firm performance [14]. In general, marketing innovations are complements rather than substitutes for technological innovations [126].



In this study, the results of the hypothesis tests between product innovation and non-technological innovation partially support Hypothesis 5, since there is no relation among firms that do not perform process innovation, and the relation is complementary among firms that perform process innovation. Our finding has a certain similarity to References [6,7] for the relationship between product innovation and organizational innovation and to Reference [14] for the relationship between product innovation and marketing innovation. Finally, regarding the relationship between process innovation and non-technological innovation, the results of the complementarity tests support Hypothesis 6.



The role of marketing in companies that do not carry out product innovation is much smaller than that in companies that do engage in product innovation. Therefore, among companies that do not perform product innovation, the main weight of non-technological innovations (organizational and marketing) corresponds to organizational innovation. However, as we have already pointed out, process innovation and organizational innovation pursue the same objective of cost reduction. Thus, the relationship between these types of innovation can be substitutive. The results of the complementarity test in relation to Hypothesis 6a are fully consistent with this intuition. In this regard, it should be noted that similar results are found by Reference [78] for Spanish service companies and by Reference [127] for Canadian manufacturing companies; they find, from the 2012 data, that organizational innovation reduced the number of process innovations by 2.3 per year. Reference [128] finds that introducing process innovation in isolation from product innovation does not induce the introduction of marketing innovation.



However, when the complementarity test between process innovation and non-technological innovation is carried out among companies that implement product innovation, the results indicate that there is no relationship between the two types of innovation, probably because the complementary natures of marketing and product innovation help to counteract the substitution effects between process innovation and organizational innovation. Therefore, the result of the complementarity test carried out also supports Hypothesis 6b. In this sense, numerous studies indicate the existence of evidence of complementarity between product innovation and marketing innovation (e.g., References [126,128,129]).




5. Conclusions


This study analyses the contribution of product innovation, process innovation, and non-technological innovation (organizational and marketing) to the achievement of a lower environmental impact (environmental performance). It does so from two different but related perspectives. First, it analyses the individual contribution of the three types of innovation simultaneously. In the environmental field, most studies tend to focus on the analysis of a single type of innovation (e.g., References [14,37]). Second, it explores the existence of positive synergies (complementarities) or negative synergies (substitutabilities) in the six pairs of possible combinations between the three types of innovation considered. This analysis allows us to determine which combinations of innovation types increase/decrease environmental performance. Therefore, it sheds light on the cocktails of types of innovation that result in a better/worse environmental performance, constituting an important guide for the decision making of managers and political decision makers. As far as our knowledge reaches, this type of analysis has not yet been carried out in the environmental field.



In relation to the first perspective, the empirical analysis shows that product innovation has a negative influence on environmental performance, although this influence is not statistically significant. Likewise, it indicates that process innovation has a negative and statistically significant influence on environmental performance. This result is similar to that obtained by Reference [130] who found that technology orientation has a non-significant effect and a negative effect on different measures of environmental performance.



Both results indicate that, in the Spanish manufacturing sector, the performance of product and process innovation is not at the service of a reduction of the corresponding environmental impacts. We intuit that these two innovations are preferably used to try to improve the economic efficiency of companies and, therefore, their survival. In this sense, it must be borne in mind that, on average, Spanish manufacturing companies are significantly smaller than their European counterparts, invest less in R&D, and achieve lower levels of productivity. In these circumstances, their level of financial precariousness is very high, so they devote most of their energy to the struggle for survival. Consequently, for these companies, the environmental culture plays a secondary role. This poor environmental performance is aggravated by the technological structure (traditional technology versus flexible technology) exhibited by Spanish manufacturing companies, with a predominant use of traditional technologies. Traditional technologies are single lane, so the companies that use them face extreme difficulties in reaching different objectives simultaneously, especially if the pursuit of these objectives has contradictory impacts. For example, in the literature on environmental innovation, it is often argued that there is a conflict between environmental protection and firm performance since environmental improvement efforts increase the costs of companies and erode their bases of profitability [131,132]. However, flexible technologies allow for the efficient pursuit of different objectives simultaneously, facilitating the achievement of a reasonable reconciliation between economic efficiency and environmental protection.



On the other hand, the empirical analysis shows that non-technological innovation has an important influence, which is positive and statistically significant, on environmental performance. This result also coincides with other previous investigations. Thus, some authors have found that organizational innovation [133] and a strong market orientation [130] have an important and positive influence on environmental performance. Additionally, this result is a clear indication that Spanish manufacturing companies use technological innovation to achieve efficiency and non-technological innovation for the simultaneous achievement of efficiency and improved environmental protection. This is because non-technological innovation exhibits a high degree of flexibility, which allows different objectives to be met simultaneously.



In relation to the findings of the different combinations of the different types of innovation, we find that the relationship between product innovation and process innovation is unconditionally substitutive to the extent that there is complementarity between companies that do not implement non-technological innovation and among those that do implement it. This result reinforces the position of those researchers who have pointed out that the association between a greater technology orientation and a better firm environmental performance is probably too simplistic [130,134]. Therefore, with the current technological structure of Spanish manufacturing companies, the joint implementation of both types of innovation is not recommended from the perspective of environmental protection. However, from the perspective of economic efficiency, the interaction between the two types of innovation is complementary [7], so their joint implementation is recommended. Again, the use of traditional technologies poses a crucial dilemma for Spanish manufacturing companies: efficiency or protection of the environment.



On the other hand, the empirical results indicate that the relationship between product innovation and non-technological innovation is conditionally complementary since, among companies that do not implement process innovation, there is no relationship between the two types of innovation and, among those that implement process innovation, this relationship is complementary. Therefore, once again, we find that non-technological innovation has enormous potential to contribute to the improvement of the environment. In this case, the protagonist role of non-technological innovation probably corresponds to marketing capabilities, since new green products need to develop a powerful orientation towards the market. Therefore, from the perspective of protecting the environment, the simultaneous implementation of product innovation and non-technological innovation is recommended.



Finally, we verify that the relationship between process innovation and non-technological innovation is conditionally substitutive insofar as there is substitutability only between companies that do not implement product innovation. Therefore, in this type of company, the simultaneous implementation of process innovation and non-technological innovation is not convenient since environmental performance decreases. However, among the companies that perform product innovation, the complementarity test indicates that there is no relationship between process innovation and non-technological innovation; that is, in this case, the relationship between the two types of innovation does not improve or worsen the environmental performance.



Of all the findings, it is inferred that, with the current technological structure of Spanish manufacturing companies, non-technological innovation plays a leading role in protecting the environment.



These findings have important implications for both managers and political decision makers. With the current technological structure and the growing pressure from stakeholders to improve environmental protection, managers must take into account that non-technological innovation is an important instrument that contributes to achieving both economic objectives and those related to environmental protection simultaneously. Obviously, if their ambition is not only to survive but to achieve leadership, both in economic and in environmental terms, they should probably incorporate flexible technologies that help them to improve the efficiency of their production processes and contribute to the improvement of the environment.



Political decision makers influence companies’ allocation of resources through their laws and regulations. In this sense, they design policies to promote innovation with the aim of ensuring that efficient, competitive, and environmentally friendly companies exist in their country. Based on the findings of this study, it is clear that the public policies to support innovation must have a special predilection for investments that incorporate non-technological innovation, both organizationally and marketing, since this kind of innovation has a direct and positive influence on the environmental performance. Likewise, it also shows an indirect and positive influence on environmental performance, as a consequence of its complementarity with product innovation.



We recognize that our paper is not without its limitations, some of which are opportunities for new studies. Our empirical study uses PITEC data. The use of public databases has the disadvantage that their questionnaires have not been designed specifically for our research, so in some cases, we are forced to create proxy variables, since some variables that interest us are not present in the polls. This happens with our variable environmental performance.



To implement the complementarity approach, it is necessary to use a performance measure. In this study, we use environmental performance. However, using CIS survey data limits the scope and sensitivity of the environmental performance variable, since the PITEC is not specifically designed to create the environmental performance variable. In addition, the Spanish CIS survey data do not provide direct information on product environmental innovation, process environmental innovation, organizational environmental innovation, and marketing environmental innovation. The Spanish CIS survey data do not differentiate between environmental innovation and non-environmental innovation. Therefore, on the basis of ad hoc surveys and the complementarity approach, it would be desirable for future research to use other measures of environmental performance and environmental innovations. These new studies will allow us to verify whether the results obtained in our study are maintained.



In addition to those indicated, other limitations can lead to further research directions. First, as this study is focused on the entire Spanish manufacturing sector, where the presence of traditional technologies is the majority, future studies should consider samples from companies with different technological intensities in order to check if the majority presence of flexible technologies leads to different results. Second, our findings are not only applicable to the Spanish economy, but probably also to the economy of those countries that have a similar technological structure. Therefore, other national contexts should be analyzed in order to verify that it is the singularity of the technological structure, and not the national context, that determines the sign and the significance of the variables analyzed. Finally, future studies should consider longitudinal data. This type of data allows us to obtain robust estimators, facilitating the overcoming of the problems caused by the unobservable heterogeneity present mainly in the cross-section data [135].
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Table 1. The variable definitions.






Table 1. The variable definitions.





	Variable Name
	Variable Construction
	Acronyms





	Environmental performance
	Sum of the scores about the importance of the following firm innovation objectives (a number between 0 (not used) and 3 (high)): using less material per unit produced; using less energy per unit produced; exerting a lower impact on the environment; complying with the requirements for the environment. Rescaled between 0 (not used) and 1 (high).
	EP



	Product innovation
	The firm introduces a new product (0/1)
	PDTI



	Process Innovation
	The firm introduces a new process (0/1)
	PCSI



	Non-technological innovation
	The company introduces or modifies at least one of the following practices or methods: new business practices in the organization of procedures; new methods of organization of responsibilities and decision making; new methods of organization of external relations with other companies or public institutions; significant changes in product design or packaging; significant changes in product placement; significant changes in product promotion; and significant changes in pricing (0/1)
	NTI



	Openess
	Sum of the scores about the importance of the following sources for the innovation process (a number between 0 (not used) and 3 (high)): Internal; Suppliers; Clients; Competitors; Consultants; Universities; Public research centres; Technology centres; Fairs and exhibitions; Journals; Professional associations. Rescaled between 0 (not used) and 1 (high).
	OPENESS



	Export intensity
	Export share in total firm sales
	EXPORT



	Group
	The firm belongs to a group (0/1)
	GROUP



	Size
	The log of the number of employees
	SIZE



	RD activities
	The firm conducts internal R&D activities systematically (0/1).
	RDA



	Training
	The firm offers formal training to its workers (0/1).
	TRAINING



	RD subsidy
	The firm receives R&D subsidies from one or more of the following programs: Spanish regions, Spanish state, European Union, and the Framework program (0/1).
	RDS



	RD internal capacity
	The relationship between the internal R&D expenditures and the total sales of the firm.
	RDIC



	Training capacity
	The relationship between training expenditures and the total sales of the firm.
	TC



	Innovation capacity
	The relationship between total innovation expenditures and the total sales of the firm.
	IC



	Cooperation with clients, suppliers and competitors
	The firm cooperates with at least one of the following types of partners: clients, suppliers, and competitors (0/1).
	CCSC
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Table 2. The descriptive Statistics.






Table 2. The descriptive Statistics.





	Variables
	Nature of the Variable
	Min.
	Max.
	Mean
	Standard Deviation





	Environmental performance
	Continuous
	0.00
	1.00
	0.33
	0.35



	Product innovation
	Binary (0/1)
	0
	1
	0.44
	0.50



	Process innovation
	Binary (0/1)
	0
	1
	0.40
	0.49



	Non-technological innovation
	Binary (0/1)
	0
	1
	0.46
	0.50



	Openess
	Continuous
	0.00
	1.00
	0.28
	0.27



	Export
	Continuous
	0.00
	1.00
	0.33
	0.33



	Group
	Binary (0/1)
	0
	1
	0.42
	0.49



	Size (Number of employees)
	Continuous
	1
	8670
	147.08
	421.96



	111
	Binary (0/1)
	0
	1
	0.21
	0.41



	100
	Binary (0/1)
	0
	1
	0.09
	0.28



	010
	Binary (0/1)
	0
	1
	0.06
	0.24



	001
	Binary (0/1)
	0
	1
	0.10
	0.29



	110
	Binary (0/1)
	0
	1
	0.06
	0.24



	101
	Binary (0/1)
	0
	1
	0.08
	0.27



	011
	Binary (0/1)
	0
	1
	0.08
	0.26



	000
	Binary (0/1)
	0
	1
	0.33
	0.47
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Table 3. Model I. The results of the regressions for environmental performance.






Table 3. Model I. The results of the regressions for environmental performance.





	
Variables

	
Step 1

	
Step 2






	
Product innovation

	
0.246

	
−0.141




	
(0.197)

	
(0.094)




	
Process innovation

	
−0.465

	
−1.105 *




	
(0.427)

	
(0.606)




	
Non-technological innovation

	
0.882

	
2.160 **




	
(0.790)

	
(0.999)




	
Openess

	
0.468 ***

	
0.492 ***




	
(0.088)

	
(0.186)




	
Export

	
0.018

	
0.064




	
(0.034)

	
(0.052)




	
Group

	
0.000

	
−0.003




	
(0.017)

	
(0.036)




	
Size

	
0.015

	
−0.009




	
(0.023)

	
(0.041)




	
Constant

	
−0.151 *

	
−0.289 **




	
(0.090)

	
(0.126)




	
Model: Wald chi2

	
1593.70 ***

	
350.72 ***








Note: Standard errors are in parentheses. * Significant at 10%; ** Significant at 5%; *** Significant at 1%.













[image: Table] 





Table 4. Model I. The Durbin-Wu-Hausman endogeneity test.






Table 4. Model I. The Durbin-Wu-Hausman endogeneity test.





	Variables
	Step 1
	Step2





	Product innovation
	0.887
	-



	Process innovation
	4.763 **
	38.927 ***



	Non-technological innovation
	3.502 *
	93.544 ***







* Significant at 10%; ** Significant at 5%; *** Significant at 1%.













[image: Table] 





Table 5. Model II. The results of the regressions for environmental performance.






Table 5. Model II. The results of the regressions for environmental performance.





	
Variables

	
Step 1

	
Step 2

	
Step 3

	
Estep 4






	
Openess

	
−3.387

	
0.094

	
0.836 ***

	
0.662 ***




	
(37.975)

	
(0.403)

	
(0.232)

	
(0.045)




	
Export

	
0.457

	
0.031

	
−0.034

	
−0.022




	
(4.941)

	
(0.072)

	
(0.034)

	
(0.016)




	
Group

	
0.357

	
0.067

	
0.053 *

	
0.048 ***




	
(3.187)

	
(0.058)

	
(0.030)

	
(0.016)




	
Size

	
−0.316

	
-0.108

	
−0.141

	
−0.096 **




	
(2.759)

	
(0.142)

	
(0.092)

	
(0.039)




	
111

	
2.147

	
0.755 *

	
0.480 ***

	
0.476 ***




	
(15.882)

	
(0.404)

	
(0.182)

	
(0.097)




	
100

	
−9.244

	
−0.0415

	
0.282 *

	
0.271 ***




	
(99.382)

	
(0.973)

	
(0.152)

	
(0.080)




	
010

	
−13.158

	
−1.750

	
1.859

	
0.765 ***




	
(132.708)

	
(1.896)

	
(1.414)

	
(0.199)




	
001

	
0.577

	
0.304

	
0.261 *

	
0.216 ***




	
(11.011)

	
(0.253)

	
(0.138)

	
(0.067)




	
110

	
−3.652

	
0.622 *

	
0.402 **

	
0.391 ***




	
(56.757)

	
(0.359)

	
(0.165)

	
(0.087)




	
101

	
25.218

	
2.833

	
−0.377

	
0.356***




	
(249.027)

	
(1.834)

	
(0.927)

	
(0.085)




	
011

	
9.986

	
1.458

	
0.422 **

	
0.401 ***




	
(94.018)

	
(1.359)

	
(0.163)

	
(0.086)




	
000

	
0.522

	
0.189

	
0.206 *

	
0.154 ***




	
(4.173)

	
(0.205)

	
(0.124)

	
(0.056)




	
Model: Wald chi2

	
11.76

	
965.68 ***

	
3740.59 ***

	
13,227.64 ***








Note: Standard errors are in parentheses. * Significant at 10%; ** Significant at 5%; *** Significant at 1%.
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Table 6. Model II. The Durbin-Wu-Hausman test of potentially endogenous variables.






Table 6. Model II. The Durbin-Wu-Hausman test of potentially endogenous variables.





	
Variables

	
Durbin-Wu-Hausman Test




	
Step 1

	
Step 2

	
Step 3

	
Step 4






	
111

	
0.139

	
-

	
-

	
-




	
100

	
3.634 *

	
2.081

	
-

	
-




	
010

	
3.561 *

	
6.029 **

	
4.763 **

	
16.573 ***




	
001

	
0.002

	
-

	
-

	
-




	
110

	
0.147

	
-

	
-

	
-




	
101

	
4.357 **

	
12.511 ***

	
2.270

	
-




	
011

	
4.818 **

	
1.074

	
-

	
-








* Significant at 10%; ** Significant at 5%; ***Significant at 1%.
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Table 7. The complementarity tests.






Table 7. The complementarity tests.





	

	

	
Chi2

	
p-Value






	
Product innovation–Process innovation

	
Non-technological innovation = 0

	

	




	
T1: β110 + β000 − β010 − β100 = 0

	
12.48

	
0.0004




	
T2: β110 + β000 − β010 − β100 ≤ 0

	

	
0.9997




	
Complementarity/Substitutability/No relation

	
Substitutability




	
Non-technological innovation = 1

	

	




	
T1: β111 + β001 − β011 − β101 = 0

	
6.62

	
0.0101




	
T2: β111 + β001 − β011 − β101 ≤ 0

	

	
0.9949




	
Complementarity/Substitutability/No relation

	
Substitutability




	
Product innovation–Non-technological innovation

	
Process innovation= 0

	

	




	
T1: β101 + β000 − β100 − β001 = 0

	
0.89

	
0.3453




	
T2: β101 + β000 − β100 − β001 ≤ 0

	

	




	
Complementarity/Substitutability/No relation

	
No relation




	
Process innovation = 1

	

	




	
T1: β111 + β010 − β110 − β011 = 0

	
12.38

	
0.0004




	
T2: β111 + β010 − β110 − β011 ≤ 0

	

	
0.0002




	
Complementarity/Substitutability/No relation

	
Complementarity




	
Process innovation–Non-technological innovation

	
Product innovation = 0

	

	




	
T1: β011 + β000 − β010 − β001 = 0

	
11.24

	
0.0008




	
T2: β011 + β000 − β010 − β001 ≤ 0

	

	
0.9996




	
Complementarity/Substitutability/No relation

	
Substitutability




	
Product innovation = 1

	

	




	
T1: β111 + β100 − β110 − β101 = 0

	
0.00

	
0.9802




	
T2: β111 + β100 − β110 − β101 ≤ 0

	

	




	
Complementarity/Substitutability/No relation

	
No relation
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