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Abstract 

 

This paper aims to fill a gap in the field of determinants of environmental innovation by 

investigating whether non-technological innovations and Corporate Social Responsibility 

matter for environmental innovation. Our empirical analysis studies a sample of 

innovators from Luxembourg. We draw on the Community Innovation Survey 2008 and a 

Corporate Social Responsibility survey specific to this country carried out the same year. 

Our econometric exercises show that organizational innovation and marketing innovation 

are positively and significantly linked to environmental innovation. The result holds 

when product and process innovations are included as independent variables. Corporate 

Social Responsibility plays a role as well. 
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This paper aims to fill a gap in the field of determinants of environmental innovation by 

investigating whether non-technological innovations and Corporate Social Responsibility 

matter for environmental innovation. Our empirical analysis studies a sample of 

innovators from Luxembourg. We draw on the Community Innovation Survey and a 

Corporate Social Responsibility survey specific to this country. Our econometric 

exercises show that organizational innovation and marketing innovation are positively 

and significantly linked to environmental innovation. The result holds when product and 

process innovations are included as independent variables. Corporate Social 

Responsibility plays a role as well. 
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Environmental concerns and climate change present a crucial research topic for experts 

and economists. Environmental innovation is often presented as one among other means 

of solving environmental deterioration and degradation (Aghion et al., 2013; Veugelers, 

2012; Ghisetti and Quatraro, 2014). It is a big challenge for the economics of 

determinants and consequences of environmental innovation (EI hereafter) that is 

becoming a fast-growing field of scholarship (see the survey by Laurens et al., 2014; 

Mazzanti and Zoboli, 2009; Triguero et al., 2013; Ziegler, 2013). To a large extent, the 

analysis of EI drivers is at the heart of the paper at hand. There is a certain consensus for 

considering that environmental innovation matches the “production, assimilation or 

exploitation of product, production process, service or management or business methods 

that is novel to the organization (developing or adopting it) 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 

Foxon, 2007). By contrast, the issue of its determinants is less consensual. 

 

The question we want to deal with in this paper is basically related to the firm 

determinants of EI. We raise the question: does an innovating firm necessarily innovate 

with environmental benefits? We remark empirically that not all the firms that innovate in 

their technological or organizational systems always direct their innovative efforts 

towards the improvement of the environment. For instance, in Luxembourg nearly 30% 

of innovating firms declare that their actions have no environmental benefits. As a 

consequence, the basic issue we want to address is the following: for a population of 

innovating firms (that is to say, firms considered as innovating in general), what are the 

factors explaining that some of them implement types of innovations with environmental 

benefits (i.e. EI) and others do not? Are they related to some characteristics of their 

innovations? For instance, is a product innovator more prone to innovate with 

environmental benefits than a process innovator? Is a complex innovator (product and 

process innovator) more environmentally friendly than a single innovator? Does 

implementing non-technological innovation (in relation or not to technological 

innovations) help to achieve EI? Does corporate social responsibility play a role in the 
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adoption of EI? Do other factors impact on the decision to direct innovative efforts 

towards EI?  

 

Up to now, the literature is rather silent on the types of innovation driving environmental 

innovation. In fact, we suspect that two sets of factors have an impact and we want to test 
whether this is the case. Pieces of literature on innovation show the economic and 

strategic importance of non-technological innovations (Mothe and Nguyen, 2012). We 

expect these types of innovations matter. Thanks to recent innovation surveys it is now 

possible to study the issue we raise. Does a firm that innovates in organizational devices 

or in marketing concepts increase its own capacity to implement environmental 

innovation? Is a firm combining product innovation and non-technological innovation 

increasing its probability of performing EI. The other aspect to be considered is the firm’s 

own attitude to environmental concerns. In this context, Corporate Social Responsibility 

(CSR hereafter) presents a well-known phenomenon that takes into account a firm’s 

positive voluntary attitude in favour of the environment (Poussing and Le Bas, 2013; 

Bohas et al., 2014). A firm having a CSR attitude is responsible as far as the environment 

is concerned. A crucial assumption we make is that CSR certainly matters as well as the 

type of innovation implemented.  

 

The paper is organized as follows. In section 1 we review the recent literature dealing 

with the determinants of environmental innovation and the role of non-technological 

innovations and CSR. We conclude it with a summary of our research questions. The data 

set, the description of the sample of firms and the definition of variables are set out in 

section 2. In section 3 we present our empirical models and estimation. The results are 

also discussed.  

 

1. The determinants of environmental innovation and the role of non-

technological innovations and CSR: from survey to research questions 

 

1.1. Environmental innovation determinants 

 

Literature provides several determinants for explaining technological change dedicated to 

environmental targets. To account for the production of new pro-environment 

technologies, a lot of contributions suggest energy price as a main driver of directed 

technical change (Popp, 2002). The factors of prices play a significant role in directing 

technological progress towards greener technological systems (Acemoglu, 2002). It 

matches the induced technological change hypothesis put forth among others by Newell 

et al. (1999) (see in the same vein Jaffe et al., 2000). Taxes and subsidies can have the 

same effect in pushing environmental innovations (Acemoglu et al., 2012). According to 

Porter and Van der Linde (1995), environmental regulations can encourage innovations. 

For Chassagnon and Haned (2014), regulations and cost saving have a strong impact on 

eco-innovation adoption. They trigger the invention and the introduction of 

environmental improvements. They argue that achieving the highest efficiency 

compensates for both the compliance costs linked to environmental regulations and the 

innovation costs. Finally it gives the firms opportunities to build up new internal (to the 

firm) competences in green/clean technological activity considered as crucial for 

acknowledging the potential economic benefits.  

 

A significant part of the literature considers investment in R&D activity, the 

accumulation of knowledge in environmental technologies and the absorption of external 

http://en.wikipedia.org/wiki/Environmental_regulation
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knowledge to be powerful drivers of environmental innovation. R&D activity is a factor 

pulling green innovation (Horbach, 2008; De Marchi and Grandinetti, 2012; Ziegler, 

2013). Aghion et al. (2013) and Stucki and Woerter (2012) find that the accumulated 

stock of competences in clean technologies has an effect on the firm’s current capacity to 

produce clean (and green) innovations. The work by Piscitello et al. (2012) on renewable 

energy inventions shows that the effect of international knowledge spillovers is 

significant and comparable to the effect of domestic R&D, even though it is smaller. For 

Galliano and Nadel (2013), investing persistently in R&D has a positive impact on the 

intensity of eco-innovation with the exception of consumer goods sectors (see also 

Chassagnon and Haned, 2013). R&D expenditures aimed at the invention of green 

technologies are often triggered by the environmental compliance costs (Nameroff et al., 

2004). Another important factor is firm size (see De Marchi and Grandinetti, 2012; 

Ziegler, 2013). Larger firms are more likely to be engaged in environmental management 

practices than smaller firms (Petts, 1999; Worthington and Patton, 2005; Lepoutre and 

Heene, 2006; Perrini et al., 2007; Williamson et al., 2006; Lynch-Wood et al., 2009). But 

this variable is likely to interact with capacities to carry out different research projects in 

green technology fields. Openness on the international market (Brunnermeier and Cohen, 

2003) and access to diverse resources (Jakobsen and Clausen, 2013) play a role. Drivers 

considered at the industry or nation level should work as drivers for environmental 

innovation as the intensity of competition (although this factor is controversial) and 

public policies appears the more important. In the same vein, Lazaric et al. (2014) focus 

on the pulling role of the final users. The work by Triguero et al. (2013) appears to be as 

a good example of an economic frame for EI drivers. They explicitly consider as 

economic determinants of EI: firm’s market share, market demand for green products, 

technological capabilities and prices related to energy or raw materials. Our approach 

does not include these because it is focused on the possible impact of non-technological 

innovation and CSR. It appears rather complementary. 
 

1.2. Non-technological innovation 

 

Non-technological innovation can be defined as being in contrast to technological 

innovation which affects a firm’s products and processes. Two kinds of non-

technological innovation are particularly studied by the literature: organizational 

innovation and marketing innovation. Thanks to the CIS 2008 survey we greatly 

improved our knowledge about them. Organizational innovation is a very general term. 

Lam (2005) also pointed out that the phenomenon of “organizational innovation” is 

subject to different interpretations. The relationship between organizational innovation 

and technological innovation is far from clear. For instance, Edquist et al. (2001) 

suggested differentiating process innovation into two types: “technological process 

innovation” (for instance, a new type of machine) and “organizational process 

innovation” (for instance, a new type of work organization). Organizational innovation 

and process innovation clearly interplay. It is also acknowledged that radical 

technological innovation must be accompanied by substantial changes in the organization 

(Fagerberg, 2005). Damanpour (1992) emphasized a phenomenon of this kind. Some 

organizational innovations are firmly built on the technologies available (IT in 

particular). Here we draw on the definition given by the CIS 2008 survey: “An 

organizational innovation is a new organizational method in …. enterprise’s business 

practices (including knowledge management), workplace organization or external 

relations that has not been previously used by the enterprise”. It appears they are diverse 

in nature and their positive effects on firm performance must be different with respect to 
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their intensity and their timing. Recently Polder et al. (2010) expressed the idea that 

organizational innovation had the strongest effects on firm productivity.  

 

Marketing innovation has been studied rather recently. For instance, Rust et al. (2004) 

consider marketing innovation in relation to firm product strategy aiming to increase the 

firm market share or to enter a new market. The OSLO manual (see OECD, 2005) set up 

a very first step for rigorously defining it. We draw on CIS 2008 for our empirical 

analysis. In this survey a marketing innovation is the implementation of a new marketing 

concept or strategy that differs significantly from existing marketing methods and as a 

consequence has not been used before. This type of innovation “requires significant 

changes in product design or packaging, product placement, product promotion or 

pricing” (CIS 2008). It excludes “seasonal, regular and other routine changes in 

marketing methods”. Recently Lhuillery (2014) showed the importance of marketing as a 

co-specialized asset for firm innovation persistence.  

 

Innovation complementarity is a research perspective that has been dealt with rather 

rarely by few academics. It draws on the basic idea stemming from Edgeworth’s intuition 

and developed coherently by Milgrom and Roberts (1995) that “doing more of one thing 

increases the returns of doing more of another” (Milgrom and Roberts, 1995: 181). It 

consolidates the foundations of the very important notion of synergies in industrial 

business. As far as innovation is concerned, two (or more) types of innovation jointly 

performed should have a more positive impact on firm performance (productivity, for 

instance) than one type of innovation performed alone. A recent paper by Le Bas and 

Poussing (2014), through a sample of firms from Luxembourg, concludes that complex 

innovators carrying out jointly product and process innovation are more persistent in their 

innovative activity than single innovators (achieving product or process innovation). A 

complex innovator that jointly achieves product and process innovation has one 

advantage in terms of potential for creativity and new ideas in comparison with a firm 

that is more specialized (product or process). Moreover, it may be that there are 

synergetic relations between improvements to the products and improvements to the 

processes. As argued by Flaig and Stadler (1994), the new knowledge generated through 

research carried out looking for product improvements can spill over into research 

projects aimed at improving processes and vice versa. Polder et al. (2010) used sourced 

from different data surveys from the Netherlands that show that there is evidence that 

organizational innovation is complementary to process innovation. Mothe et al. (2014) 

using French CIS data confirm the crucial role of organizational innovation in increasing 

firms’ innovation and delineate patterns of complementarity among differing 

organizational practices according to the type of innovation. We think that performing 

different types of innovations jointly should have an effect on a firm’s environmental 

performance. In this study we do not want to study per se the economic benefits 

stemming from innovation complementarity. We wish to test the potential impact of non-

technological innovation complementarity on a firm’s performance in terms of 

environmental innovation. For instance, as noted in the literature, a firm producing green 

innovation has to consider giving their product a new design (eco-design) or adding 

different packaging. The same kind of reasoning holds for the complementarity between 

process and organizational innovation. For instance, the implementation of clean-up 

technologies very often involves process and organizational innovation. As a 

consequence, in our empirical exercise we include variables of interaction between 

process and organizational innovation and product innovation and marketing innovation. 
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1.3. Voluntary measures for environmental changes and CSR 

 

We define voluntary measures for environmental changes as “programs, codes, 

agreements and commitments that encourage organizations to voluntarily reduce their 

environmental impact beyond the requirements established by the environmental 

regulatory system” (Darnall and Sides, 2008). This implies a clear strategic commitment. 

The literature delineates a large variety of situations of this kind, such as private 

agreements or collaborations between organizations, public voluntary environmental 

programmes, agreements between private firms and public agencies and so on.
1
 Since 

1996, the ISO 14001 norm has been sponsored by the International Organization for 

Standardization (ISO) and matches standards for the environment management system 

EMS (Potoski and Prakash, 2005; Ziegler and Nogareda, 2009). In Europe, the Eco-

Management and Audit Scheme (EMAS) is a management tool for companies to assess, 

report and improve their environmental performance.  

 

Voluntary environmental measures are sometimes considered in relation to corporate 

social responsibility (Antonioli and Mazzanti, 2009). Corporate social responsibility 

(hereafter CSR) is also an important aspect of our study. Although this notion means 

different things to different people (Lyon and Maxwell, 2008), it means a set of rules 

organizing the process by which companies “integrate social and environmental concerns 

to their business operations and in their interactions with stakeholders on a voluntary 

basis” (according to the definition provided by the Commission of the European 

Communities (2001, p. 6). CSR practices clearly address environmental issues on a 

voluntary basis. If firms implement according to their values it may be that actions 

undertaken on a voluntary basis are also economically effective for the firm, according to 

a win-win hypothesis put forth by Porter and Van Der Linde (1995).  

 

We basically think the main drivers of CSR are the firm’s values as far as social or 

societal issues are concerned. It may be that the consequences of CSR practices have 

positive effects on a firm’s economic performance, but the latter is not in any case the 

main factor inducing CSR behaviour.  

 

It is very important for us to characterize different types of CSR responses that firms 

adopt. We use the taxonomy provided by Burke and Logsdon (1996), which is not very 

far from the analysis by Porter and Kramer (2006, 2011). They retain two types of CSR: 

strategic CSR, or proactive CSR, and responsive CSR, or reactive CSR. Strategic CSR 

requires an alignment between CSR and the firm’s growth strategy, which then creates a 

virtuous circle that allows innovation activities to develop. By contrast, responsive CSR 

corresponds to the most basic level of CSR “acting as a good corporate citizen, attuned to 

the evolving social concerns of stakeholders, and mitigating existing or anticipated 

adverse effects from business activities” (Porter and Kramer, 2006). Here CSR 

contributes to minor improvements. Bocquet et al. (2013) emphasize the relevance of this 

taxonomy by showing that firms with a strategic CSR profile are more likely to innovate 

in both products and processes. The two types of CSR profiles matter in explaining a 

firm’s innovation behaviour. Not all voluntary measures can be considered as related to 

CSR. Some of them are driven by the search for better technological performance or 

better competitive positions linked to cost reduction. Poussing and Le Bas (2013), using a 

                                                           
1
 See among others the contributions by Khanna (2001), Koehler (2007), and Henriques and Sadorsky 

(2008). 
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sample of firms from Luxembourg and estimating a probit model, find that CSR is an 

important factor in explaining environmental innovation. 

 

Finally, the literature tells us only a little about the impact of non-technological 

innovation on a firm’s capacity to achieve innovations with environmental benefits. We 

want to fill that gap in this paper. Of course, all the studies reviewed consider relevant 

factors pulling or pushing EI. We acknowledge their importance but our perspective is a 

little different. Here the emphasis is placed on the role that is played by the innovative 

conduct of the firm in terms of non-technological improvements. In fact, we believe that 

behind the different types of innovations there is an important supply side factor: a firm’s 

technological capability. A firm’s capacity to produce and master knowledge or to access 

and absorb external (to the firm) knowledge is of great importance. With the capacity to 

implement non-technological innovation (organizational and marketing innovation) the 

firm may shows dynamic capabilities, according to Teece (2007).
2
 As a consequence, we 

can infer that a firm with this level of capacity may more easily launch EI. 

 

2. Data sets, sample description and variables definition. 

 

2.1. Data sets and sample description 

 

To conduct our empirical analysis we used two Luxembourgish data sets. The first data 

set comes from a survey of CSR practices by firms. The second data set comes from the 

Community Innovation Survey (CIS 2008), which is the first survey on a European scale 

addressing environmental innovation. The CSR survey was conducted by 

CEPS/INSTEAD (Luxembourg) in 2008. This survey gives details about the CSR 

activities of firms in 2008. We also have details about the implementation of their CSR 

activities: the existence a CSR department, allocation of a CSR budget, definition of 

measurable objectives, creation of a reporting system, training of the staff, etc. From this 

survey we know whether firms adopt CSR in its three dimensions: economic, social and 

environmental. The Community Innovation Survey was conducted by CEPS/INSTEAD 

in 2008, on behalf of STATEC (the National Statistics Institute of Luxembourg). This 

survey describes firms’ innovation behaviour. It aims to give information about firm 

conduct in terms of product, process, organizational and marketing innovation for the 

period 2006–2008. In particular, it tells us whether the firm innovates in each of these 

four technological and non-technological dimensions. In CIS 2008 a specific part of the 

survey is dedicated to environmental innovation. When a firm declares introducing EI the 

questions introduced in the questionnaire don’t allow us to know what kind of 

environmental innovation is implemented (product and/or process, technological or non-

technological).  

 

These two surveys followed exactly the same methodology for the sampling process: a 

stratified random sample of firms from the national database of companies located in 

Luxembourg, available from STATEC. In consequence, using an identification number 

for the companies, it is possible to merge the two data sets. We obtain a data set 

containing 162 innovative firms. With the aim of making our results representative of the 

studied population, we use a weighting system based on the sampling probability and the 

                                                           
2
 “Dynamic capabilities relate to high-level activities that link to management’s ability to sense and then 

seize opportunities, navigate threats, and combine and reconfigure specialized and cospecialized assets to 

meet changing customer needs, and to sustain and amplify evolutionary fitness, thereby building long-run 

value for investors” (Teece, 2007, p. 1344). 
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rate of response. In the sample the enterprises with 250 employees and more represent 

18.5% of the sample. The proportion of industrial firms is 35.2%. Around one firm in 

four (25.9%) adopts CSR practices in the environmental area. With regard to innovation, 

57.4% of firms implement a product innovation or a process innovation; 67.9% 

implement an organizational innovation; 53.1% a marketing innovation. The proportion 

of firms that adopts an environmental innovation is 26.6%. Among firms that implement 

environmental innovation, 28.5% declare participation in CSR practices in the 

environmental area. In this subsample, 63.0% of the firms implement a product 

innovation, 59.6% a process innovation, 72.2% implement an organizational innovation 

and 57.9% a marketing innovation. 

 

2.2. Definition of variables 

 

Our only dependent variable is the dummy variable INNO_ENV, which takes into 

account the probability of implementing environmental innovation (see the list of 

variables in Table 1). It takes the value 1 if firms introduce an innovation with any 

environmental benefit and 0 if not.  

 

The main independent variables are first related to the firm’s conduct in terms of 

innovation. Innovation practices are introduced in our models by dummy variables. Four 

dummy variables are related to every type of innovation activity. The variable PDT takes 

the fact that a firm introduces new or significantly improved goods. The variable PCS 

takes into account process innovation, the variable ORGA concerns an organizational 

innovation and MARK is related to marketing innovations. In addition, four other 

dummies cover different interactions of innovation conducts. On the one hand, we 

combine the different technological innovation practices and then the different non-

technological innovation practices through interaction. We build up interactions between 

variables as follows. We focus on enterprises that carried out product and process 

innovation activities (variable: PDT*PCS) and enterprises that carried out organizational 

and marketing innovation activities (variable: ORGA*MARK). Lastly we analyse the 

combination between technological and non-technological innovation activities. To do so, 

we consider firms that implemented product and marketing innovation activities (variable 

PDT*MARK), and firms that carried out process and organizational innovation practices 

(variable PCS*ORGA). All these variables of interaction are dummy variables.  

 

We also take into account CSR practices in two different ways. First, a dummy variable 

(CSR_ENV) indicates whether firms adopt CSR in the environmental area. In accordance 

with Porter and Kramer (2006), we distinguish between strategic and responsive CSR. 

Strategic CSR is part of business strategy and creates a competitive advantage for the 

firms that implement it; responsive CSR corresponds to a lower level of CSR 

commitment. Bocquet et al. (2013), using the methodology suggested by Burke and 

Logsdon (1996), performed a cluster analysis on our sample of firms in order to 

differentiate firms according to their implementation of CSR. Here we use their data set. 

This means we know whether a firm develops a strategic CSR (dummy variable: 

CSR_STRA) or a responsive CSR (dummy variable: CSR_RESPONS). Some firms, of 

course, have no CSR conduct. 

 

We put in our regressions control variables that make sense as potential factors affecting 

a firm’s propensity to innovate. According to Dosi (1997), technological opportunities 

and firm capabilities set up important innovation drivers. We have to take these into 
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account. Technological opportunities (dummy variable PRODPER) are measured by the 

speed in which products and services become old-fashioned. Firm capabilities, which are 

the most important driver of innovative performance in the evolutionary tradition (Nelson 

and Winter, 1982; Teece and Pisano, 1994), are assessed by taking into account the 

proportion of employees with a higher education degree (EMPHI). Firm size is usual in 

this type of exercise. Firm size likely matters in terms of innovation performance 

(Wagner, 2010). For instance, large firms have more resources to invest in technological 

activities and a higher capacity to exploit external opportunities. In general, small firms 

are less innovative. But some of them can also be very innovative, particularly in high-

technology sectors (Cohen, 1995). The size of firms is dealt with by using three dummy 

variables that summarize the total number of a firm’s employees: SMALL (from 10 to 49 

employees), MEDIUM (from 50 to 249 employees) and LARGE (250 or more 

employees). The business sector has been used as control variable for the analysis of the 

adoption of eco-innovations (Bocquet et al., 2013; Molla et al., 2009; Poussing and Le 

Bas, 2013). A control variable (INDUS) has been added. The type of sector (industry 

versus services) matters here (Gallego-Alvarez et al., 2011; Husted and Allen, 2007). If 

the company belongs to a group, this is indicated via the variable GROUP. According to 

Mohnen and Mairesse (2010), belonging to an industrial group modifies R&D conduct 

and gives more stability to the amount of R&D expenditure.  

 

Table 1. List of variables 

 

Label Definition 

INNO_ENV Firm implements an environmental innovation that is a new or 

significantly improved product (good or service), process, 

organizational method or marketing method that creates 

environmental benefits compared to alternatives (dummy variable) 

PDT Firm implements a product innovation that is a new or significantly 

improved product (good or service) 

PCS Firm implements a process innovation that is a new or significantly 

improved process, organizational method or marketing method 

PDT*PCS Firm implements a product innovation and a process innovation 

ORGA Firm implements an organizational method that is a new 

organizational method in their enterprise’s business practices 

(including knowledge management), workplace organization or 

external relations that has not been previously used by your enterprise 

MARK Firm implements a marketing innovation that is the implementation of 

a new marketing concept or strategy that differs significantly from 

your enterprise’s existing marketing methods and that has not been 

used before 

ORGA*MARK Firm implements an organizational innovation and a marketing 

innovation 

PDT*MARK Firm implements a product innovation and a marketing innovation 

PCS*ORGA Firm implements a process innovation and an organizational 

innovation 

CSR_ENV Firms with an environmental CSR profile 

CSR_STRA Firms with a strategic CSR profile 
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Label Definition 

CSR_RESPONS Firms with a responsive CSR profile 

PRODPER Products and services become rapidly old-fashioned 

EMPHI Percentage of employees with higher education (incl. post-secondary 

college and university) 

SMALL Total number of employees is between 10 and 49 

MEDIUM Total number of employees is between 50 and 249 

LARGE Total number of employees is more than 249 

INDUS Belongs to the manufacturing sector 

GROUP Firm is part of a group 

Note: All variables are dummies (except EMPHI) and related to the period 2006–2008 (except CSR 

variables related to 2008). The main independent variables are in bold 

 

It is important to note that all our variables are contemporaneous since they relate to the 

same time period, 2006–2008. Appendix 1 gives descriptive statistics related to our 

variables.  

 

3. Models, estimation, results 

 

Our research aims to identify the factors explaining why firms innovate in environmental 

change (environmental innovation). In order to achieve this goal, we use multivariate 

models that allow us to have a ceteris paribus approach. We are basically in a situation 

where two alternatives occur. The dependent variable is binary: it is equal to 1 if the firm 

implements innovations with environmental benefits and 0 if not. Simple dichotomous 

models (Thurstone, 1927) are appropriate. The logit and probit models are candidates for 

delineating such choices. They generally give very similar results (Morimune, 1979; 

Davidson and MacKinnon, 1984). We consider here logit models. The decision on 

whether to implement an innovation with environmental benefits or not is defined by yi, 

where yi = 1 when the company adopted this practice and yi = 0 when it did not. The 

probability of adopting an innovation with environmental benefits is conditional upon a 

series of exogenous variables: 

 

 Prob(yi = 1) = F(β’xi) 

 

where F(.) indicates a cumulative distribution function, xi the explanatory variables and β 

the vector of the parameters to be estimated. Due to the small number of firms in our 

sample we cannot estimate models with a large number of variables (Appendix 2 gives 

the correlation matrix of the variables). 
 

We build up five logit models where innovation is introduced in five different ways. In 

the first model (Model 1) we put as main independent factors all the variables related to a 

firm’s innovation conduct: product, process, organization and marketing. It is designed to 

inform us about the possible impact of each type of innovation. Model 2 aims to evaluate 

the impact of technological innovations only (product and process), including the 

expected effect of their interaction, and Model 3 the effects of non-technological 

innovations only (organization and marketing), including a variable of interaction 

between the two. With the two last models we want to examine whether interactions 

between technological and non-technological innovation have synergetic effects on the 

probability of implementing environmental innovation (as explained by the model of 
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complementarity delineated above). Two approaches have been chosen. The first is based 

on the idea that complementarity is mainly linked to product and marketing innovations 

(Model 4) and the second that it would be embedded into process and organizational 

innovations (Model 5). Some pieces of the literature give relevance to this perspective 

(Milgrom and Roberts, 1995; Polder et al., 2010). For each of the five models we test the 

impact (supposed positive) of the firm’s CSR attitude. We do so by putting in the 

equation two kinds of variables: either a variable picturing the environmental concerns 

dimension of CSR (option A) or variables related to the strategic/responsive approach of 

CSR (option B). 

 

The estimation results are set out in Table 2. As far as the goodness of fit is concerned, 

we found rather similar percentages of concordance. In order to shed light on these 

findings, we calculated the Cox and Snell pseudo R square. The results this provides do 

not change significantly. 
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Table 2. The determinants of environmental innovation behaviours (logit model) 
 

 Estimated coefficient (standard error) 

MODEL 1 MODEL 2 MODEL 3 MODEL 4 MODEL 5 

A B A B A B A B A B 

PDT 1.266*** 

(0.173) 

1.317*** 

(0.176) 

1.500*** 

(0.282) 

1.620*** 

(0.233) 

/ / 1.172*** 

(0.226) 

1.090*** 

(0.224) 

/ / 

PCS -0.093 

(0.181) 

0.089 

(0.177) 

-0.247 

(0.225) 

0.002 

(0.220) 

/ / / / -0.744*** 

(0.246) 

-0.670*** 

(0.245) 

ORGA 0.715** 

(0.177) 

0.906** 

(0.198) 

/ / 0.673*** 

(0.224) 

0.663*** 

(0.224) 

/ / -0.166 

(0.248) 

-0.076 

(0.247) 

MARK 0.889*** 

(0.168) 

0.971** 

(0.167) 

/ / 0.749*** 

(0.238) 

0.661*** 

(0.237) 

0.870*** 

(0.221) 

0.779*** 

(0.225) 

/ / 

PDT*PCS / / -0.342 

(0.353) 

-0.497 

(0.354) 

/ / / / / / 

ORGA*MARK / / / / 0.074 

(0.321) 

0.361 

(0.315) 

/ / / / 

PDT*MARK   / / / / 0.089 

(0.311) 

0.431 

(0.320) 

/ / 

PCS*ORGA   / /   / / 1.754*** 

(0.333) 

2.028*** 

(0.347) 

CSR_ENV 0.694*** 

(0.239) 

 1.304*** 

(0.222) 

/ 0.755*** 

(0.221) 

/ 0.899*** 

(0.219) 

/ 0.660*** 

(0.228) 

/ 

CSR_STRA / 0.459* 

(0.263) 

/ 1.058*** 

(0.254) 

/ 0.382 

(0.252) 

/ 0.757*** 

(0.256) 

/ 0.102 

(0.268) 

CSR_RESPONS / -0.292 

(0.248) 

/ 0.318 

(0.223) 

/ 0.016 

(0.227) 

/ 0.008 

(0.236) 

/ -0.379 

(0.247) 

PRODPER 0.387* 

(0.225) 

0.349 

(0.221) 

0.484** 

(0.214) 

0.315 

(0.209) 

0.484** 

(0.221) 

0.483** 

(0.222) 

0.176 

(0.215) 

0.107 

(0.212) 

0.788*** 

(0.221) 

0.759*** 

(0.221) 

EMPHI -0.536** 

(0.242) 

-0.550** 

(0.251) 

-0.635*** 

(0.236) 

-0.701*** 

(0.244) 

-0.160 

(0.232) 

-0.097 

(0.236) 

-0.707*** 

(0.237) 

-0.735*** 

(0.243) 

-0.444* 

(0.240) 

-0.382 

(0.244) 

SMALL 0.295 

(0.191) 

0.242 

(0.190) 

0.440** 

(0.181) 

0.394** 

(0.179) 

0.311* 

(0.188) 

0.241 

(0.187) 

0.206 

(0.189) 

0.146 

(0.187) 

0.630*** 

(0.181) 

0.595*** 

(0.181) 

MEDIUM Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. 

LARGE 0.267 

(0.378) 

0.288 

(0.379) 

0.479 

(0.365) 

0.467 

(0.361) 

0.526 

(0.357) 

0.541 

(0.355) 

0.283 

(0.378) 

0.291 

(0.375) 

0.696* 

(0.359) 

0.797** 

(0.365) 

INDUS 1.296*** 

(0.216) 

1.268*** 

(0.219) 

1.190*** 

(0.212) 

1.014*** 

(0.212) 

1.185*** 

(0.208) 

1.151*** 

(0.210) 

1.173*** 

(0.211) 

1.077*** 

(0.212) 

1.131*** 

(0.207) 

1.134*** 

(0.210) 

GROUP 0.372** 

(0.167) 

0.427** 

(0.170) 

0.641*** 

(0.161) 

0.704*** 

(0.163) 

0.447*** 

(0.164) 

0.494*** 

(0.167) 

0.444*** 

(0.166) 

0.504*** 

(0.169) 

0.554*** 

(0.160) 

0.642*** 

(0.163) 

CONST -1.317*** 

(0.276) 

-1.455*** 

(0.276) 

-0.630*** 

(0.236) 

-0.617*** 

(0.233) 

-0.883*** 

(0.282) 

-0.815*** 

(0.281) 

-0.803*** 

(0.248) 

-0.671*** 

(0.242) 

-0.253 

(0.289) 

-0.297 

(0.290) 

Sample size 162 162 162 162 162 162 162 162 162 162 

Sum of Weights 

used 

1022 1022 1022 1022 1022 1022 1022 1022 1022 1022 

-2Log-likelihood 1030.635 1033.181 1074.443 1241.859 1091.494 1101.122 1048.835 1057.318 1086.047 1091.273 

Per cent 

Concordant 

73.0 73.5 70.4 70.3 70.9 70.8 71.0 71.2 72.5 72.6 

Cox-Snell R 

square3 

0.728 0.724 0.644 0.599 0.604 0.580 0.696 0.679 0.617 0.605 

Standard error in parentheses. * Coef. significant at the threshold of 10%, ** 5%, *** 1%.  

Source: Community Innovation Survey 2008 and CSR Survey (Luxembourg) 

 

The coefficients estimated from Model 1 tell us that product innovation on the one hand 

and the two non-technological innovations on the other are significant variables pulling 

EI. With respect to technological innovation we get a robust result: the coefficient related 

to product innovation is always significantly positive (Models 1, 2 and 4). As a 

consequence, a product innovator has a higher probability of implementing an 

environmental innovation. This trend confirms the importance of eco-design as a natural 

driver of environmental innovation (Vernier, 2013).  

 

                                                           
3
 Following Allison (2013), we give the value of Cox and Snell (1989) R square that is the best R-Squared 

for Logistic Regression. Moreover it takes into account the sample size. 
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By contrast, we point out a surprising result: being a process innovator has no impact on 

the probability of implementing environmental innovation (Models 1, 2 and 5). This is a 

little contradictory with the evidence that many environmental innovations are “end-of-

pipe improvements” affecting industrial processes (Brouillat et al., 2013). In Model 5, the 

coefficient related to process innovation is even negative (and significant), but a variable 

of interaction is put in the model that would greatly affect the sign of this coefficient.  

 

With respect to non-technological innovation impacts, Models 1 and 3, focusing on 

organization or marketing innovations, tell us that organizational innovators and 

marketing innovators are more prone to innovate with benefits for the environment. Our 

results are in line with Ziegler (2013) showing the importance of a certified 

environmental management system and specific environmental organizational measures 

as determinants of EI.  

 

The interaction variable between organization and marketing does not give any result. In 

other words, an innovator carrying out the two types of non-technological innovation 

together does not improve its probability of innovating for a better environment. Model 4 

confirms the positive importance of marketing innovation and Model 5 that of 

organizational innovation, but in interaction with process innovation. At this stage we 

find out a crucial result: non-technological innovations are effective for improving a 

firm’s environmental context. This is not, properly speaking, new, but had not been 

evidenced in a coherent manner until now. Of course, it does not mean that a 

technological innovator has no incentive to implement EI (on the contrary, see the 

estimated coefficients of Modes 1 and 3), but non-technological innovations seem to 

stimulate EI strongly as well. 

 

With regard to the impact of CSR, the four models indicate that firms that have 

environmental concerns implement environmental innovations. This result was expected 

and in line with our previous findings (Poussing and Le Bas, 2013). If now we address 

the strategic dimension of CSR, our findings show that responsive CSR has no impact on 

the probability of innovating in environmental areas. By contrast, the results related to 

firms developing strategic CSR are mitigated. The coefficient of the variable related to 

strategic CSR is always positive but not always statistically significant. We observe that 

it has a significant effect when the firm is a product innovator. It is difficult to find a 

relevant interpretation in the analytical frame delineated in this paper. Further theoretical 

and empirical works would be necessary.  

 

The signs of coefficients related to control variables are not always stable. The variable 

deemed taking into account the technological opportunities is positive but sometimes 

non-significant. Amazingly the variable measuring firm technological capacity (EMPHI) 

often has a negative impact on the probability of undertaking EI. In fact, we have to bear 

in mind that we are studying a population of innovators, which always have naturally 

large capacities. We do not find a stable effect of firm size. We cannot show evidence 

that large firms are more environmentally friendly. On the contrary, small firms seem to 

innovate more in EI. The sign of coefficients of INDUS and GROUP are always 

significantly positive, meaning that industrial firms and firm members of a group have a 

larger propensity to produce EI.  

 

As far as interpreting the results is concerned, there are several possibilities. It may be 

that the effects on the environment are direct. For instance, new organizational practices 
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can be designed for saving paper or for cleaning up the manufacturing. But it may be that 

indirect effects also exist but are difficult to capture with our data. For instance, 

marketing and organizational innovations increase the likelihood of implementing 

technological product innovations (Mothe and Nguyen, 2012), and a technological 

product innovator is well placed to achieve EI. We now turn to the variables of 

interaction delineating the complementarity between different types of innovations.
4
 The 

estimations tell us there is no effect on environmental innovation production when a firm 

implements jointly product and process innovations, marketing and organizational 

innovations, and, contrary to our expectations, product and marketing innovation. The 

only significant positive complementarity that emerges concerns process and 

organization: a firm implementing jointly the two tends to increase the probability of 

performing environmental innovation.  

 

Conclusion 

 

 Our main results.  

Our empirical analysis highlights the importance of non-technological innovation as a 

potential driver of environmental innovation. We basically show that:  

a. Organizational innovation and marketing innovation are positively and significantly 

linked to EI. This holds when product and process innovations are included as 

independent variables.  

b. Process innovation is not a significant positive driver of EI (by contrast, product 

innovation is). This amazing finding conflicts somewhat with the literature emphasizing 

that end-of-pipe process innovations are very numerous (Brouillat et al., 2013). 

c. The tests for innovation complementarity as a potential driver of EI do not give clear 

positive results. Our analysis does not support in general the idea of a complementarity 

excepted for firms implementing jointly process and organizational innovations (see 

Model 5). 

d. CSR plays a role. When an innovating firm declares taking actions for a better 

environment it innovates with environmental benefits. This result is in line with what all 

the literature tells us about a firm’s voluntary measures for environmental changes (see 

the survey provided by Poussing and Le Bas, 2013; Bohas et al., 2014). This is not 

systematically the case when it has strategic CSR.  

 

 Limitations 

The study has some limitations. Our work is based on a sample of innovators, and as a 

result our predictions only make sense for this category of firms. We simply have all the 

environmental innovators and all the technological innovators. It is not large enough to 

undertake all the tests we wanted to do.  

 

 Future research 

Further research is necessary for to better understand what type of EI is implemented in 

the spirit of the paper by Ziegler (2013). Moreover, trying to assess the technological 

                                                           
4
 Generally we have to be cautious in interpreting the sign, the value and the significance of coefficients 

related to interaction variables. As stated by Hoetker (2007), if the interaction term is significant there may 

not be a significant effect from some observations. Moreover, the sign of the coefficient may not indicate 

the direction of the interaction effect. The entire interaction effect must be calculated at a given value 

(Hoetker, 2007: 336). 
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value of EI (incremental and radical) would set up an interesting challenge for explaining 

firms’ environmental performance. 
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Appendix 1. Summary statistics of the variables for the full sample and the 

subsample of firms that implement environmental innovation 

 

 Firms implementing at least one 

type of innovation (N=162) 

Firms implementing environmental 

innovation (N=119) 

Variable Means 

(Std deviation) 

Means 

(Std deviation) 

INNO_ENV 0.7345 

(0.4429) 

1 

(0) 

PDT 0.5740 

(0.4960) 

0.6302 

(0.4847) 

PCS 0.5740 

(0.4960) 

0.5966 

(0.4926) 

ORGA 0.6790 

(0.4683) 

0.7226 

(0.4495) 

MARK 0.5308 

(0.5005) 

0.5798 

(0.4956) 

PDT*PCS 0.4135 

(0.4940) 

0.4621 

(0.5006) 

ORGA*MARK 0.3703 

(0.4844) 

0.4285 

(0.4969) 

PDT*MARK 0.3395  

(0.4750) 

0.3949 

(0.4909) 

PCS*ORGA 0.3765  

(0.4860) 

0.4369 

(0.4981) 

CSR_ENV 0.2592 

(0.4395) 

0.2857 

(0.4536) 

CSR_STRA 0.1481 

(0.3563) 

0.1680 

(0.3755) 

CSR_RESPONS 0.1666 

(0.3738) 

0.1680 

(0.3755) 

PRODPER 0.1419 

(0.3501) 

0.1512 

(0.3598) 

EMPHI 0.3733 

(0.3463) 

0.3499 

(0.3301) 

SMALL 0.3703 

(0.4844) 

0.3529 

(0.4799) 

MEDIUM 0.4444 

(0.4984) 

0.4369 

(0.4981) 

LARGE 0.1851 

(0.3896) 

0.2100 

(0.4090) 

INDUS 0.3518 

(0.4790) 

0.4033 

(0.4926) 

GROUP 0.6419 

(0.4809) 

0.6806 

(0.4681) 
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Appendix 2. Correlation matrix of the variables 
Pearson Correlation Coefficients, N=162 

Prob > |r| under H0: Rho=0 

 INNO_ENV PDT PCS ORGA MARK PDT*PCS ORGA*MARK PDT*MARK 

INNO_ENV 100.00 

 

0.189 

0.016 

0.075 

0.337 

0.155 

0.048 

0.163 

0.037 

0.164 

0.036 

0.200 

0.010 

0.194 

0.013 

PDT  100.00 

 

0.343 

<.0001 

0.022 

0.773 

0.140 

0.073 

0.723 

<.0001 

0.221 

0.004 

0.617 

<.0001 

PCS   100.00 

 

-0.057 

0.467 

-0.034 

0.665 

0.723 

<.0001 

0.014 

0.856 

0.169 

0.031 

ORGA    100.00 

 

0.042 

0.591 

0.120 

0.125 

0.527 

<.0001 

0.157 

0.044 

MARK     100.00 

 

0.061 

0.440 

0.721 

<.0001 

0.673 

<.0001 

PDT*PCS      100.00 

 

0.160 

0.041 

0.403 

<.0001 

ORGA*MARK       100.00 

 

0.610 

<.0001 

PDT*MARK        100.00 

 

Pearson Correlation Coefficients, N=162 

Prob > |r| under H0: Rho=0 

 PCS*ORGA CSR_ENV CSR_STRA CSR_RESPONS NO_CSR PRODPER EMPHI 

INNO_ENV 0.207 0.100 0.093 0.006 -0.076 0.044 -0.113 

0.008 0.203 0.237 0.937 0.334 0.576 0.151 

PDT 0.385 0.082 0.007 0.117 -0.1000 0.064 0.187 

<.0001 0.297 0.921 0.137 0.205 0.416 0.016 

PCS 0.669 0.167 0.078 0.150 -0.180 0.028 0.080 

<.0001 0.032 0.323 0.055 0.021 0.719 0.311 

ORGA 0.534 0.195 0.137 0.130 -0.209 -0.212 -0.038 

<.0001 0.012 0.080 0.099 0.007 0.006 0.623 

MARK 0.066 0.076 0.043 0.055 -0.077 0.134 0.015 

0.398 0.334 0.579 0.484 0.324 0.088 0.842 

PDT*PCS 0.640 0.103 0.073 0.128 -0.159 0.017 0.091 

<.0001 0.188 0.354 0.102 0.042 0.824 0.244 

ORGA*MARK 0.327 0.217 0.111 0.137 -0.195 -0.055 -0.045 

<.0001 0.005 0.156 0.081 0.012 0.482 0.563 

PDT*MARK 0.276 0.170 0.031 0.169 -0.159 0.119 0.060 

0.0004 0.029 0.692 0.031 0.042 0.130 0.447 

PCS*ROGA 100.00 0.237 0.177 0.199 -0.296 -0.133 0.129 

 0.002 0.023 0.011 0.0001 0.090 0.101 

CSR_ENV  100.00 0.506 0.604 -0.872 -0.119 0.020 

  <.0001 <.0001 <.0001 0.129 0.797 

CSR_STRA   100.00 -0.186 -0.615 -0.070 0.015 

   0.017 <.0001 0.375 0.844 

CSR_RESPON

S 

   100.00 -0.659 -0.039 0.065 

    <.0001 0.617 0.406 

NO_CSR     100.00 0.08533 -0.064 

     0.2803 0.414 

PRODPER      100.00 0.161 

      0.040 

EMPHI       100.00 
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Pearson Correlation Coefficients, N=162 

Prob > |r| under H0: Rho=0 

 SMALL MEDIUM LARGE INDUS GROUP 

INNO_ENV -0.060 -0.025 0.106 0.17944 0.134 

0.447 0.752 0.176 0.0223 0.088 

PDT -0.063 -0.133 0.249 -0.045 0.137 

0.424 0.089 0.001 0.569 0.080 

PCS -0.063 -0.083 0.185 -0.018 0.085 

0.424 0.289 0.018 0.811 0.277 

ORGA -0.239 0.082 0.191 -0.047 0.148 

0.002 0.295 0.014 0.551 0.059 

MARK 0.106 -0.204 0.129 -0.058 0.123 

0.178 0.009 0.099 0.459 0.117 

PDT*PCS -0.099 -0.095 0.245 -0.067 0.156 

0.210 0.227 0.001 0.393 0.046 

ORGA*MARK -0.005 -0.171 0.226 -0.029 0.172 

0.940 0.029 0.003 0.707 0.027 

PDT*MARK -0.036 -0.169 0.262 -0.036 0.100 

0.640 0.031 0.0007 0.641 0.203 

PCS*ROGA -0.226 0.022 0.252 -0.039 0.155 

0.003 0.773 0.001 0.621 0.048 

CSR_ENV -0.307 0.122 0.225 -0.052 0.177 

<.0001 0.119 0.003 0.507 0.023 

CSR_STRA -0.139 0.046 0.114 -0.016 0.057 

0.075 0.555 0.147 0.838 0.465 

CSR_RESPONS -0.171 0.033 0.170 -0.052 0.161 

0.029 0.673 0.030 0.510 0.040 

NO_CSR 0.244 -0.062 -0.224 0.054 -0.173 

0.001 0.430 0.004 0.494 0.027 

PRODPER 0.127 -0.043 -0.102 -0.151 -0.028 

0.105 0.582 0.192 0.054 0.721 

EMPHI 0.018 -0.023 0.007 -0.424 0.065 

0.816 0.762 0.922 <.0001 0.404 

SMALL 100.00 -0.685 -0.365 -0.029 -0.333 

 <.0001 <.0001 0.707 <.0001 

MEDIUM  100.00 -0.426 0.095 0.175 

  <.0001 0.227 0.025 

LARGE   100.00 -0.085 0.190 

   0.282 0.015 

INDUS    100.00 -0.015 

    0.8401 

GROUP     100.00 

 


