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Abstract
Purpose – The purpose of this paper is to analyze whether knowledge management (KM) practices trigger
environmental innovation. Additionally, distinguishing between two types of KM practices, the authors
want to examine whether different types of KM practices have the same role for environmental innovation.
Design/methodology/approach – Employing two French surveys, namely, the Community Innovation
Survey (2002-2004 and 2006-2008) and Annual Firm Survey (EAE, 2000), the authors analyze empirically
the relationship between KM practices and environmental innovation. The theoretical relationship the
authors propose is tested using bivariate probit model on 1,117 French manufacturing firms.
Findings – The econometric estimations show that the investment in KM practices trigger
environmental innovation. Furthermore, the authors distinguish between two types of KM practices:
a written policy of KM and a culture intended to promote KM sharing. The main results are also
confirmed for both types of KM practices. Moreover, based on coefficients and significance levels, the
empirical results indicate that a culture intended to promote KM sharing has a more substantial impact
on green innovation than a written policy of KM.
Practical implications – KM can boost environmental innovation, which also enhances firm
business performance. Therefore, managers should foster investment in KM capabilities. They need to
create working atmosphere that generates, stores, transfers and applies knowledge in order to improve
a firm’s green innovativeness. Additionally, the study results show that managers can choose among
different KM practices in order to enhance environmental innovation. However, managers should be
aware that not all KM practices provide the full advantage in terms of performance improvement.
They should know that different KM practices have differential impacts on different performance
outcomes. In this sense, managers should implement KM practices that fit their performance strategy.
Originality/value – The relationship between KM and innovation performance has received
increasing attention from researchers during the past years. However, even though scholars underline
the importance of environmental innovation, the relationship between KM and environmental
innovation remains significantly under-researched. The findings suggest that KM should be
considered as an important source for environmental innovation improvement.
Keywords Organizational performance, Knowledge management
Paper type Research paper

1. Introduction
According to Porter and Van Der Linde (1995), environmental innovation is considered
as an important way to reach a better ecological, financial and economic situation in a
cost-effective manner. Therefore, environmental or green innovation has been the main
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focus of interest for many researchers (e.g. Rennings, 2000; Rennings and Zwick, 2002;
Beise and Rennings, 2005; Rennings et al., 2006; Amores-Salvado et al., 2014). It has
been defined as new or modified practices, methods, systems and products to replace
inefficient business activities and to decrease environmental harm (Kemp, 2000).
Moreover, beyond environmental considerations, green innovation has economic
benefits. Beise and Rennings (2005) state, for example, that environmental innovation
allows for lower external costs compared with similar goods or services in the market.
They conclude therefore that green innovation activities generate positive spillovers
throughout the distribution stage, in the creation phase and also during market
introduction. Similarly, Amores-Salvado et al. (2014) confirm that via environmental
innovations, firms can improve their efficiency, cost reduction strategies and satisfy the
demands of environmentally friendly consumers, and thus improve their financial and
business profitability. Similar findings are also obtained by Wagner (2005) and
Rennings et al. (2006).

Since investment in environmental innovation is expected to improve a firm’s
business performance, the pursuit of long-term profits motivates a firm to establish the
strategies that will drive the firm’s green innovative activities.

Knowledge management (KM) practices could enhance general innovation
(e.g. Cantner et al., 2011; Chen and Huang, 2009; López-Nicolás and Meroño-Cerdán,
2011; Lai et al., 2014) since they improve the firm’s skill in managing R&D projects,
leverage the internal capability for knowledge acquisition and increase the stock of
available knowledge (Gloet and Terziovski, 2004). Additionally, Zack et al. (2009)
conclude that KM practices enhance the knowledge and organizational learning inside
the firm which produces benefits in terms of innovation. Palacios et al. (2009) identify
several KM abilities that are essential for innovation development, such as skills
development, knowledge flow management, acquisition of internal knowledge, transfer,
dissemination and internal application of accumulated knowledge and increase in the
variety of the organizational memory.

KM is a famous perception since it has been the focus of many studies over the past
several years (e.g. Scarbrough, 2003; Alavi and Leidner, 2001; Coombs and Hull, 1998;
Davenport and Prusak, 1998). Previous studies consider KM as a helpful technique to
add and create value thanks to the skills and expertise of individuals. In fact, as stated
by Scarbrough (2003), “it represents a significant development in management
practices, providing, for the first time, a systematic application of knowledge to the
generation of knowledge.” Similar reasoning is also supported by Darroch (2005), Lloyd
(1996) and Lubit (2001). Moreover, from the firm’s resource-based view (RBV), KM is
seen as the construction and application of knowledge as a resource (Spender, 1996).
Actually, KM practices are considered as the most strategically essential resources at a
firm’s disposal since they support the implementation of best practices and permanent
progress, operational problem solving, functional assimilation and new product
improvement (Grant, 1996; Ettlie and Pavlou, 2006; Marsh and Stock, 2006). The main
role of KM practices is to identify and leverage the collective knowledge inside the firm
to generate benefits for firm performance (Von Krogh, 1998). Accordingly, KM is also
found to influence positively firm business performance (e.g. Lloyd, 1996; Lubit, 2001;
Palacios and Garrigos, 2006; Tseng, 2014). In this sense, Tseng (2014) argues that a
firm’s ability to accumulate critical knowledge resources and manage their assimilation
and exploitation will improve its performance. Additionally, the author empirically
confirms the positive relationship between KM and firm performance. Similarly,
Palacios and Garrigos (2006), using 222 Spanish firms in the biotechnology and
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telecommunications industries, conclude that the firms that adopt KM practices obtain
better performance results than their competitors.

However, to the best of our knowledge, the literature is silent regarding the effect of
KM practices on environmental innovation. Building on previous contributions relating
to the KM-innovation performance link, this study develops and tests a model
concerning the relationship between KM practices and environmental innovation.
Therefore, the main objective of this paper is to empirically answer the following
research question:

RQ1. Do KM practices improve environmental innovation?

Thanks to two French surveys, i.e., the Community Innovation Survey (CIS 2002-2004
and 2006-2008) and the Annual Firm Survey (EAE, 2000), our paper aims to fill this
research gap in existing literature by analyzing the relationship between KM practices
and environmental innovation on 1,117 French manufacturing firms. Additionally,
following previous researchers that argue that the impact of KM practices on
innovation performance varies according to the type of KM that is considered (Darroch
and McNaughton, 2002; Cantner et al., 2011), this study contributes to the advance of
KM research from a strategic point of view by distinguishing between a written policy
of KM and a culture intended to promote KM sharing.

The design of this paper is structured as follows. In the next section, we provide a
literature review that links KM practices and environmental innovation. In Section 3 we
present data and the econometric method used. Section 4 is devoted to the main results
while Section 5 concludes and draws some implications for policy makers.

2. Literature review
KM and innovation
An important argument supporting the idea that KM practices trigger environmental
innovation is that general innovation and green innovation share many common traits
and have closely related concepts and instruments. Therefore, drawing on the KM and
general innovation literature, we propose a theoretical grounding that links KM and
environmental innovation. The following discussion focusses on the relationship
between KM and general innovation.

Several studies are devoted to analyzing general innovation since it is considered as
an important driver of firm performance. In fact, innovation activities support a firm’s
competitive advantage and are considered as opportunities to respond to market
requests and requirements (Brown and Eisenhardt, 1995; Porter and Van Der Linde, 1995).
Damanpour (1991) defines innovation as “the generation, development, and adoption of
novel ideas on the part of the firm.”

According to Zack et al. (2009) KM practices promote the generation of new
knowledge and organizational learning which is fundamental for achieving advantages
based on innovation. In other words, firms are motivated to implement KM practices
in order to minimize risk and increase efficiency which is reflected positively in
innovation activities improvement (Carneiro, 2000). In this vein, Gloet and Terziovski
(2004) argue that innovation processes depend greatly on knowledge. Similarly,
Borghini (2005) suggests that knowledge contributes to producing creative thoughts
which improve innovation performance.

As we said previously, effective KM is considered in the empirical literature as a tool
for improving the firm’s innovation capacity (e.g. Liao and Chuang, 2006; Cantner et al.,
2011; Chen and Huang, 2009; López-Nicolás and Meroño-Cerdán, 2011; Lai et al., 2014).
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Cantner et al. (2011) conclude, for instance, that firms that apply KM have more success
with product innovations as well as market innovations compared to non-KM firms.
Moreover, Liao and Chuang (2006) state that KM practices have an important role in
the processing of knowledge inside the firm and therefore contribute positively to the
rapidity of innovation. Implementing KM practices is to make knowledge perceptible
and to promote a knowledge-intensive culture (Davenport and Prusak, 1998), which
boost innovation performance. In the same sense, Ciabuschi and Martin Martin (2012)
confirm that KM practices provide firms with an operative background for the
implementation of their innovation approaches. This finding is further verified by
Kiessling et al. (2009). The authors conclude that KM practices contribute significantly
to product progress, employee innovation and firm innovation. They foster a firm’s
ability to collect knowledge resources and manage their assimilation and exploitation,
which will improve firm performance (Holsapple and Wu, 2011).

Innovation activities depend on employees’ knowledge, skills and experience in the
value creation process. In this sense, KM tools help firms to ensure effective utilization of
human capital in the development of organizational expertise for innovation (Chen and
Huang, 2009). It has been argued that a positive correlation exists between human capital
management, KM and innovation performance (e.g. Brockbank, 1999; Jaw and Liu, 2003).
Brockbank (1999) states, for example, that training helps employees react to diversity of
knowledge and gives them openness to new concepts. Moreover, investment in training
improves employee knowledge and experience at all levels of the organization, which
enables them to be more creative and boosts innovation performance (Torraco and
Swanson, 1995). In addition, employees’ involvement, which is another indicator of human
capital management, encourages employees to develop new notions and share knowledge,
which also enhances innovative results ( Jiménez-Jiménez and Sanj-Valle, 2005).

Another important argument supporting the favorable effect of KM practices
on innovation performance is derived from its positive link to competitive advantage.
Von Krogh (1998) devotes special consideration to the crucial role of KM in creating
sustainable competitive advantage and performance. The firm’s performance will
depend therefore on how managers organize all knowledge resources available and
convert them into activities that create and optimize value (Von Krogh, 1998; Alavi and
Leidner, 2001). Knowledge creation, maintenance and transfer, which are the essential
parts of KM theory (Grant, 1996; Spender, 1996; Spicer and Sadler-Smith, 2006), are
considered as the principal components of a firm’s innovation and competitiveness
(Nonaka, 1994; De Clerq and Arenius, 2006). Nonaka (1994) confirms, for example, that
knowledge should be regarded as a very important attribute of advanced industrial
growth. The same findings relating to the positive impact of knowledge and learning
systems on innovation process and outcomes are shared by other scholars such as
Wheelwright and Clark (1992) and Kessler et al. (2000).

However, several scholars argue that different KM practices have different impacts
on the different types of innovation. For instance, Darroch and McNaughton (2002)
show that incremental innovations do not come from firms that respond to knowledge
about the market or have an effective marketing function but from firms that are
sensitive to information about changes in the marketplace and respond to
knowledge about technology. Moreover, the authors conclude that different KM
activities are important for different innovation types. As we indicated previously,
Cantner et al. (2011) find that firms which apply KM perform better in terms of shares of
sales with innovative products. However, they do not find a significant relationship
between KM and the share of cost reductions with process innovation.
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Although the literature argues that the relationship between KM practices and
innovation performance depends on the type of KM practices and innovation that are
considered, due to significant importance of knowledge for environmental innovation
(Darnall and Edwards, 2006), we expect a positive relationship between KM practices
and environmental innovation.

Environmental innovation and its determinants
Environmental innovation can be summarized by the same mechanisms, instruments
and procedures as general innovation but with the purpose of reducing negative
impacts on the environment (Rennings, 2000; Kemp, 2000). Accordingly, environmental
innovation embraces all innovations that enable a firm to decrease, progressively or
drastically, its negative environmental impacts through new products, processes,
services or methods (Horbach et al., 2013). It is worth noting that the literature
recognizes only two aspects that differentiate environmental innovation from other
innovations such as the double externality problem and the regulatory push/pull effect
(Rennings, 2000).

Moreover, several studies have been devoted to environmental innovation and its
determinants (Rennings et al., 2006; Horbach, 2008; Kammerer, 2009; Delmas and
Pekovic, 2013). For example, Delmas and Pekovic (2013) find that the adoption of green
innovations is significantly lower under perceived downturn market conditions, as
compared to perceived steady or growth conditions. Furthermore, the authors’ findings
indicate that the firms with complementary environmental strategies, internal R&D,
that are vertically integrated or that pursue general cost leadership strategies, tend to
invest more in green innovation in downturns. Working on German manufacturers of
electrical and electronic appliances, Kammerer (2009) underlines the important role of
customer benefits for environmental product innovations. Horbach (2008) finds
that the improvement in R&D, environmental regulation, environmental management
tools and general organizational changes encourage and boost environmental innovation.
Additionally, it has been concluded that strategic market goals as well as environmental
regulation toward the adoption of environmental practices have positive impacts on green
innovation (Rennings et al., 2006).

We can note consequently that different determinants of green innovation have
been studied but the link between KM practices and environmental innovation remains
sketchy in the literature.

KM and environmental innovation
The RBV of the firm indicates that competitive advantages depend on valuable, rare,
hard-to-imitate and non-substitutable resources (Barney, 1991). Furthermore, it
recognizes that intangible resources, such as knowledge, drive firms to sustainable
competitive advantage (McEvily and Chakravarthy, 2002). In the same sense,
several scholars conclude that criteria for resource-based advantages can be obtained
by environmental performance improvement (Hart, 1995; Hart and Ahuja, 1996;
Aragon-Correa and Sharma, 2003). Grant (1996) underlines that environmental
activities can be considered as a source of competitive advantage especially if a firm
has suitable knowledge assets associated with environmental activities. In line with the
knowledge-based view, Branzei et al. (2002) confirm that specific knowledge is the main
component of environmental performance improvement.

Our reasoning related to the positive link between KM and environmental
innovation is further reinforced by the evidence from Reed et al. (2014) who using an
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empirical analysis of interviews with 32 researchers and stakeholders across 13
environmental management research projects, each of which included elements of
knowledge co-creation and sharing in their design-identified five principles for
effective practice of knowledge exchange that have the potential to enhance the impact
of environmental management research, policy and practice. Moreover, Huang and
Shih (2009) find that the China Steel Corporation – which has applied environmental
knowledge circulation process – improves its environmental and financial performance
through environmental knowledge creation, environmental knowledge accumulation,
environmental knowledge sharing, environmental knowledge utilization and
environmental knowledge internalization. Moreover, Branzei et al. (2002) find that
specialized knowledge of environmental management increases firms’ environmental
innovation in three quite different national contexts – Canada, Japan and China.
The authors suggest that specialized knowledge of environmental management may be
a critical component of environmental performance, in keeping with the argument that
tacit, rare, inimitable resources are more likely to be associated with sustainable
performance.

Therefore, based on previous discussions, this study proposes the following
hypothesis:

H1. KM practices improve environmental innovation performance.

3. Empirical strategy
Data
We employ two French surveys, namely, the CIS (2002-2004 and 2006-2008) and
Annual Firm Survey (EAE, 2000). The CIS was conducted by the Institute for Statistics
and Economic Studies based on the Oslo Manual drawn up by the OECD. Firms were
asked to answer questions about the type of innovation introduced over the three year
period, specific innovation activities carried out in the same period, expenditures and
human resources allocated to such activities, and a set of more qualitative information
about the sources of information, objectives pursued and hampering factors associated
with the innovation process. CIS data have been used in over 100 recent academic
articles, mainly in economics and management. For the empirical purposes of this
paper, we use two editions of the CIS survey, CIS4 that covers the period from 2002 to
2004, and CIS8 that covers the period from 2006 to 2008. The EAE survey is a
mandatory annual survey established by the Institute for Statistics and Economic
Studies to collect basic data on the structure of firms. The EAE is the principal source
of economic data regarding firms’ activities, structure and performance, except for
the banking sector. The matching of the two data sets results in 1,117 usable firms from
the manufacturing sector.

Dependent variable
A dependent variable denoted GREEN_INNO is created. It indicates whether a firm
has introduced between 2006 and 2008 a product, process, organization or marketing
innovation delivering environmental benefits for the production process. More
precisely, our dependent variable equals 1 if a firm introduced a reduction in raw
material use; or a reduction of energy consumption; or a reduction of CO2 emissions; or
a substitution for polluting raw materials; or a substitution for hazardous products, a
reduction of soil, water, or air pollution; or recycling of waste, water, or raw materials.
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Independent variable
In order to examine the impact of KM on firms’ investments in environmental innovation,
we use a variable indicating whether a firm during the three years from 2002 to 2004
introduced new or significantly improved KM systems. Furthermore, we distinguish
between two types of KM: a written policy (guidelines) of KM (KM_POLICY) and;
a culture intended to promote KM sharing (KM_CULTURE). Generally, KM is measured
by means of four categories: sharing and communication of knowledge and information;
training and mentoring; policies and strategies and; knowledge capture and acquisition
(Edler, 2002). The two KM practices used in this paper are part of KM category called
policy and strategy, which refers to the extent to which firms are dedicated to KM
practices (Edler, 2002). A written policy of KM is considered as explicit knowledge that
can be passed on to others and absorbed by those who understand those polices
(Berg Jensen et al., 2007). Lin (2007) defines knowledge sharing as a social interaction
culture involving the exchange of employee knowledge, experiences and skills through
the whole department or organization. It is argued that a firm can create a culture that
supports knowledge sharing by directly incorporating knowledge in its business
strategy and by changing employee attitudes and behavior to promote willing and
consistent knowledge sharing (Lee and Choi, 2003).

Controls
Size. Cantner et al. (2009, 2011), Earl and Gault (2003) and Davenport and Prusak (1998)
find that large firms tend to apply more and different KM practices than smaller firms.
Therefore, we expect that firm size influences positively KM practices implementation.
Previous scholars (e.g. Rennings et al., 2006; Delmas and Pekovic, 2013) confirm that
investment in environmental innovation increases with firm size. Firm size is measured
by the number of employees within the firm in 2002.

Group. Firms may acquire knowledge and information through cooperation
activities among network members which could facilitate implementation of KM
practices (Swan et al., 1999). Being part of a group company plays an important role in
the adoption of environmental innovation, which is confirmed empirically (Delmas and
Pekovic, 2013; Grolleau et al., 2014). The variable GROUP presents a dummy variable
that takes a value of 1 when the firm belongs to a group company. The information on
this variable is obtained from CIS4 data.

EBITDA. Investigating drivers of KM practices, Davenport et al. (1998) and
Davenport and Probst (2002) stress the importance of performance measures for
ensuring successful implementation of KM initiatives. Therefore a positive effect is
expected between KM practices and the EBITDA variable which represents firm
financial performance. Firms with a better financial situation are expected to invest in
environmental innovation (Delmas and Pekovic, 2013). Therefore, we include a
continuous variable called EBITDA that indicates a firm’s earnings before interest,
taxes and depreciation in 2000. Based on previous findings, we expect a positive and
significant relationship between environmental innovation and EBITDA. Here we note
that EBITDA refers to the French Excédent Brut d’Exploitation (EBE), which is almost
the same thing since the major difference concerns amortization, which is not referred
to in the French EBE.

R&D. The literature suggests that R&D is positively associated with investment in
KM (e.g. Cantner et al., 2009, 2011) and environmental innovation (e.g. Horbach, 2008;
Delmas and Pekovic, 2013; Grolleau et al., 2014). Similar signs are expected for both KM
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and environmental innovation. R&D is a binary variable equal to 1 if the firm
undertakes its R&D development activities internally or externally. The information on
this variable is obtained using CIS4 data.

Innovation. The positive relationship between KM and innovation is confirmed
by previous researchers (e.g. Carrillo and Gaimon, 2004; Chen and Huang, 2009;
López-Nicolás and Meroño-Cerdán, 2011; Lee et al., 2013; Lai et al., 2014), so we expect to
confirm those findings. Previous experience with similar innovative activities could
lead a firm to invest in environmental innovation because of “learning-by-doing” and
economies of scale (e.g. Grolleau et al., 2007; Pekovic, 2010). We introduce a dummy
variable (from CIS4 data) that indicates whether a firm innovates in four areas, that is,
product/services, process, organization and marketing.

The variables used in the estimation, their definitions and sample statistics are
presented in Table I. No problem of multicollinearity has been detected (the Appendix).

Econometric model
The same unobservable factors may have an impact on both KM and the firm’s
likelihood of investing in environmental innovation. Hence, this potential unobserved
heterogeneity will result in the correlated error terms of variables that present
environmental innovation and KM practices. Thus, we apply a bivariate probit model
in order to correct for endogeneity of the variable KM (Greene, 2003). Our model is
formulated as a system of two latent-variable equations with normally distributed and
correlated disturbances: one for a firm’s KM introduction decision and a second for an
environmental innovation investment decision. Moreover, Maddala (1986) and Greene
(1998) argue that this is a specific case of the bivariate probit model, denoted by Greene
(2003) as a recursive model. The bivariate probit model relies on a simultaneous
estimation approach in which the factors that determine a firm’s KM introduction are
estimated simultaneously with the factors that determine environmental innovation
investment. The two equations are jointly estimated using maximum likelihood.

Our observed variables, Y1 and Y2, corresponding, respectively, to KM and
environmental innovation are defined by:

Y 1 ¼ 1 if Y n

140;

Y 1 ¼ 0 otherwise:
(1)

Y 2 ¼ 1 if Y n

240;

Y 2 ¼ 0 otherwise:
(2)

Y n

1 and Y n

2 are latent variables influencing the probability of KM and environmental
innovation investment, respectively. We consider the following bivariate probit model:

Y n

1 ¼ a1þb1X 1þdZ 1þm1
Y n

2k ¼ a2þb2X 2þgY 1þm2

(
(3)

where X1 and X2 are a vector of exogenous variables including constant firm
characteristics (SIZE, GROUP, EBITDA, R&D and INNOVATION).

The vector of variables Z1 represents the instrumental variable, which usually
guarantees the identification of the model and helps to estimate correlation coefficients
(Maddala, 1986). In order to identify the bivariate probit, we generally need an
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additional variable that will explain the probability of KM introduction but that will not
explain environmental innovation. The difficulty here is that we can expect very
similar factors to influence both the probability of KM and environmental innovation
investment. Since a formal econometric test that could indicate the correct specification
of the model is not available, any argument as to why specific variables are expected to
influence one equation and not the other has to be of a substantive, theoretical nature.
In this paper, we use the export (EXPORT) as an instrumental variable.

The choice of the variable EXPORT is based on the effect called “learning-by-
exporting,” in which firms learn to improve their business through contact with more
advanced foreign competitors in global export markets (Branstetter, 2006). Moreover,
Hedlund (1994) considers export activities as an important source of knowledge
acquisition. In this sense, export supports transfer and implementation of knowledge

Variables Definition Mean SD Min. Max.

Dependent variables
ENV_INNO A firm introduced between 2006 and 2008 a product,

process, organization or marketing innovation
providing environmental benefits
in the business production process
Dummy variable (¼ 1 if yes)

0.64 0.48 0.00 1.00

Main explanatory variables
KM_GENERAL A firm introduced between 2002 and 2004 new

or significantly improved knowledge management
systems (KM)
Dummy variable (¼ 1 if yes)

0.37 0.48 0.00 1.00

KM_POLICY A firm introduced between 2002 and 2004 a written
policy of knowledge management
Dummy variable (¼ 1 if yes)

0.06 0.25 0.00 1.00

KM_CULTURE A firm introduced between 2002 and 2004
a culture intended to promote knowledge
management sharing
Dummy variable (¼ 1 if yes)

0.09 0.29 0.00 1.00

Control variables
SIZE Firm size, measured by the number of employees

Continuous variable
694.55 1,607.92 6.00 26,305

GROUP A firm is part of a holding company
Dummy variable (¼ 1 if yes)

0.82 0.38 0.00 1.00

EBITDA The logarithm of a firm’s earnings before interest,
taxes and depreciation
Continuous variable

10.19 1.84 3.71 16.18

R&D A firm undertakes its R&D activities internally or
externally
Dummy variable (¼ 1 if yes)

0.70 0.46 0.00 1.00

INNO A firm innovates in product/services, process,
organization and marketing
Dummy variable (¼ 1 if yes)

0.58 0.49 0.00 1.00

EXPORT
Instrumental
variable

Logarithm of a firm’s exports in 2000
Continuous variable

10.80 2.67 0.00 17.19

Note: n¼ 1,117

Table I.
Definition of
variables and

sample statistics
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inside a firm, which increases the firm’s chance of investing in KM practices. Moreover,
previous papers (e.g. De Marchi, 2012; Grolleau et al., 2014) find that exports do not
explain the adoption of eco-innovations in the context of developed countries.

β1, β2, δ and γ are slope coefficients to be estimated. α1, α2, μ1 and μ2 are the
intercepts and disturbance terms for the two equations, respectively.

ρ is the correlation between the error terms in the KM and environmental innovation
equations. Residuals of the equations above follow a normal bivariate distribution with
zero means and a covariance matrix that is written, after normalizations to 1 of the
diagonal elements, as follows:

m1
m2

 !
-N 0;

X� �
; where

X
¼

1 r12
r12 1

 !

A Wald test of the significance of ρ is a direct test of the endogeneity of Y1 and Y2
(Wooldridge, 2002). When ρ is statistically different from zero, that is, the probability
that a relationship exists between KM and environmental innovation, simultaneous
estimation procedures are essential to appropriate estimation.

One may argue that it is improved environmental innovations which allow firms to
adopt KM practices. In order to overcome this reverse-causality issue, our estimations
are performed using lagged information. While the implementation of KM practices
is observed between 2002 and 2004, environmental innovation is observed between
2006 and 2008.

4. Results
Bivariate probit estimation results are presented in Tables II-IV, together with
goodness-of-fit measures (maximum-likelihood estimation).

ρ is significantly different from 0 for the models with KM in general and KM culture
(Tables II and IV). This means that the variables representing KM practices are
endogenous, and it confirms the interest in using the bivariate probit model.
On the other hand, in the model with KM policy, ρ is not significantly different from 0,
indicating that a simple univariate probit model would also provide unbiased

KM_GENERAL ENV_INNO
Variables Estimate z-value Estimate z-value

Intercept −2.28*** −8.40 −1.06*** −3.23
KM_GENERAL – – 1.21*** 3.68
SIZE 0.00 1.44 0.00*** 2.22
GROUP 0.27** 2.07 0.08 0.71
EBITDA 0.04 0.17 0.06* 1.68
R&D 0.41*** 3.93 0.36*** 2.68
INNO 0.32*** 3.63 −0.14 −1.51
EXPORT 0.07*** 3.41 – –
Likelihood ratio −1,291.27
Waldχ2(36) 481.28
ρ −0.60**
Wald test of ρ¼ 0 χ2(1) 3.19*
Number of observations 1,117
Note: *,**,***Significant at the 10, 5 and 1 per cent levels, respectively

Table II.
Bivariate probit
estimates of the
effect of knowledge
management
practices
(KM_GENERAL)
on environmental
innovation
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results (Table III). Nevertheless, implementing the bivariate probit model is necessary
to check for the exogeneity of this variable.

We first present the estimation results regarding the factors that may influence
firms to invest in KM. The results concerning KM practices in general indicate that, as
expected, the variables GROUP, R&D and INNOVATION are significant, which
confirms previous findings (Table II). Furthermore, looking at the model with KM
policy, we observe that only the variable representing innovation has positive influence
on a KM written policy (Table III), while R&D activities are positively associated with a
culture intended to promote KM sharing (Table IV). Surprisingly, variables SIZE and
EBITDA are not significant for all three models (Tables II-IV). Finally, as expected our
instrumental variable is positive and significant for all three models (Tables II-IV).

The main hypothesis of paper, that is, KM is positively related to environmental
innovation, is confirmed for all three models (Tables II-IV: third column). This result is

KM_POLICY ENV_INNO
Variables Estimate z-value Estimate z-value

Intercept −2.78*** −6.48 −1.31*** −4.50
KM_POLICY – – 1.04* 1.80
SIZE −0.00 −0.93 0.00*** 3.02
GROUP 0.12 0.59 0.19* 1.68
EBITDA −0.02 −0.31 0.09*** 2.73
R&D 0.03 0.18 0.56*** 5.62
INNO 0.22* 1.65 −0.03 −0.36
EXPORT 0.11*** 2.70 – –
Likelihood ratio −890.0556
Waldχ2(36) 208.14
ρ −0.46
Wald test of ρ¼ 0 χ2(1) 1.21
Number of observations 1,117
Note: *,**,***Significant at the 10, 5 and 1 per cent levels, respectively

Table III.
Bivariate probit
estimates of the

effect of knowledge
management

practices
(KM_POLICY) on

environmental
innovation

KM_CULTURE ENT_INNO
Variables Estimate z-value Estimate z-value

Intercept −2.06*** −5.73 −1.44*** −5.01
KM_CULTURE – – 1.41*** 3.61
SIZE −0.00 −0.77 0.00*** 2.78
GROUP −0.10 −0.60 0.20* 1.83
EBITDA −0.03 −0.71 0.09*** 2.96
R&D 0.55*** 3.64 0.44*** 3.82
INNO 0.08 0.69 −0.02 −0.21
EXPORT 0.06** 2.02 – –
Likelihood ratio −968.51
Waldχ2(36) 274.16
ρ −0.64*
Wald test of ρ¼ 0 χ2(1) 2.35
Number of observations 1,117
Notes: *,**,***Significant at the 10, 5 and 1 per cent levels, respectively

Table IV.
Bivariate probit
estimates of the

effect of knowledge
management

practices
(KM_CULTURE) on

environmental
innovation
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consistent with that of several studies (e.g. Liao and Chuang, 2006; Cantner et al., 2011;
Chen and Huang, 2009; López-Nicolás and Meroño-Cerdán, 2011; Lai et al., 2014)
which show that KM practices help knowledge communication and the exchange
required in the innovation process, and further enhance innovation performance.
In other words, KM practices could be considered as the main strategic tool that
improves the firm’s competitive advantage. Therefore, in today’s dynamic business
environment, firms will achieve sufficient green innovations only with their internal
knowledge creation. Moreover, a deeper analysis of the results underlines that different
KM strategies such as KM policy and KM culture also positively influence
environmental innovation (Tables III and IV). Hence, we may conclude that a
firm’s ability to strategically use different forms of knowledge determines its level
of green innovation. However, we may observe that the coefficient as well as the
significance level of the KM culture variable is higher (Table IV) than for the KM policy
variable (Table III). In light of these results, we may argue that the importance of
KM practices for green innovation depends on the nature of knowledge. This finding
suggests that KM culture is to some extent more important for green innovations
than KM policy.

Finally, our analysis also provides information about the determinants of environmental
innovation. We may notice that generally the variables SIZE, GROUP, EBITDA and R&D
are significant, as expected (Tables II-IV).

5. Conclusion
Summary of research
In recent years, KM has been considered as a critical tool for firm competitiveness since
it can generate important strategic benefits for firm performance (Lloyd, 1996).
Moreover, the positive effect of KM practices on innovation performance has been also
recognized (e.g. Cantner et al., 2011; Chen and Huang, 2009). Given the growing
importance of environmental innovation for firm business performance, there is a need
for empirical analysis concerning the relationship between KM and green innovation.
Therefore, in this paper we analyze the impact of KM on environmental innovation, a
subject which is quite limited in the existing literature.

The main conclusion of our research is that KM could be considered as a significant
tool to enhance environmental innovation performance. In fact, it has been argued that
implementation of this kind of management practices makes knowledge visible,
increases the rapidity of innovation activity and consequently promotes a knowledge-
intensive culture (Liao and Chuang, 2006; Kiessling et al., 2009; Cantner et al., 2011;
Chen and Huang, 2009) which enhances environmental innovation performance.
Thus, we may argue that firm environmental innovation can be achieved through
knowledge improvement. Additionally, we use two types of KM: a written policy of KM
and a culture intended to promote KM sharing. Our results for both types confirm a
pivotal role of KM in supporting and fostering green innovation performance. It should
be noted that when we compare the coefficients of KM policy and KM culture, as well as
significance level on green innovation, we may notice that KM culture is more
important for environmental innovation than KM policy. In our case, the reason for the
higher coefficient of KM culture (compared to KM policy) on environmental innovation
could be due to the fact that KM culture refers to knowledge sharing, which is identified
as essential tool when considering complex environmental initiatives (Darnall and
Edwards, 2006). Accordingly, we may suggest that a culture intended to promote KM
sharing is more relevant for environmental improvement.
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Comparison with previous research
Considering that general innovation and environmental innovation share similar
concepts and objectives, our findings support previous scholars that confirm a positive
relationship between KM practices and innovation (e.g. Cantner et al., 2011; Chen and
Huang, 2009; López-Nicolás and Meroño-Cerdán, 2011; Lai et al., 2014). Moreover, our
results go in the same direction as those of Reed et al. (2014), Huang and Shih (2009) and
Branzei et al. (2002), which conclude that knowledge is essential for environmental
performance. Our results partially support previous scholars indicating that different
KM practices impact differently on different types of innovation activities (Darroch and
McNaughton, 2002; Cantner et al., 2011).

Overall, by demonstrating that KM practices influence environmental innovation,
this study contributes to both the KM and environmental management literature.

Policy implications
Our results carry an important implication for policy makers. Our study contributes to
management practice by providing evidence that superior KM practices are associated
with superior green innovation performance. Managers can use these findings as an
argument to support implementation of KM practices. By implementing KM practices,
firms can generate long-term efficiency through environmental innovation. Therefore,
greater weight should be given to the adoption of knowledge practices and its diffusion.
Managers need to create a working atmosphere that generates, stores, transfers and
applies knowledge in order to improve the firm’s green innovativeness. Additionally,
the study results show that managers can choose among different KM practices in
order to enhance environmental innovation. However, our results reveal that KM
culture practices have a higher coefficient and significance level on green innovation
than KM policy practices. Therefore, managers should be aware that it is possible that
not all types of KM practices generate firm performance improvement. They should
know that different KM practices have differential impacts on different performance
outcomes. In this sense, managers should implement KM practices that fit their
performance strategy.

Limitations and future research
Although the results of this study should aid scholars and managers in understanding
the importance of KM practices for environmental innovation, they have limitations that
can serve as avenues for future research. First, since we investigate only French
manufacturing firms, a potential limitation may exist due to institutional and sector
factors that may influence both KM practices and environmental innovation. Second,
since our findings reveal that different types of KM influence environmental innovation
differently, future studies could try to analyze more types of KM practices. Similarly, this
study does not distinguish between different types of environmental innovation
(e.g. reduction in raw material use; or reduction of energy consumption; or reduction of
CO2 emissions; or substitution of polluting raw materials; or of hazardous products,
reduction of soil, water or air pollution; or recycling of waste, water or raw materials)
despite the possible variations within the same variable. Third, even though we lagged
KM variables, a bi-probit model is a cross-section method and it is incapable of
confirming the causal relationships between KM and environmental innovation. Finally,
the CIS3 database covers only the period until 2003, which could provide limited findings
concerning the relationship between KM practices and environmental innovation.
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These limitations could be overcome in the following way. First, future research
should do additional work to generalize the results by employing data from other
countries and sectors. Second, future research would benefit from additional
examination of different types of environmental innovations and KM practices. More
precisely, approaches that define environmental innovation in a more specific manner
may be necessary to provide a complete picture concerning the link between KM and
environmental innovation. Additionally, it would be important to identify what types of
KM practices are the most beneficial for environmental innovation. Third, the usage of
a panel data model instead of cross-section data could be more appropriate since it
takes into account both individual and temporal dimensions and so it would allow the
drawing of causal relationship. Finally, future research should employ more recent data
to verify the consistency of our results over time.
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