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Abstract: Numerous empirical studies focus on the drivers of environmental innovation or their
potential employment effects. Nevertheless, we have scarce knowledge about whether factors that
influence eco-innovation and employment generation are related. The main purpose is to analyze the
synergies between eco-innovation and employment using a sample of more than 6000 innovative
Spanish manufacturing and service firms. Using different econometric procedures, the main findings
show that size, R&D and export influence eco-innovation and employment in the same direction,
while age, belonging to a group, public subsidies and internal and external knowledge sources
exert a different effect. Thus, older firms create less employment but have a high probability
of being environmental innovators compared with younger firms. Furthermore, the size of the
company moderates the positive role of eco-innovation on employment growth, while young firms
not belonging to a group (eco-entrepreneurs) contribute more to employment growth than old firms
belonging to a parent firm. Implications for scholars, managers and policy makers in terms of
sustainable and economic growth are made.

Keywords: eco-innovation; employment; Spain; firms

1. Introduction

In recent decades, scientific evidence for climate change due to warming of the climate system
and negative effects of pollution has been unequivocally confirmed. In this regard, diverse policy
instruments and environmental regulation have been introduced at the institutional level to mitigate
the environmental damage of production. Thus, firms introduce environmental innovations to
comply with environmental regulation. However, there are other economic motives for introducing
environmental innovation apart from regulatory response, such as cost savings or environmental
awareness. In this sense, the introduction of end-of pipe technologies and/or cleaner technologies
contribute to pollution emissions abatement and/or decrease their resource and energy use [1].
Cleaner production is driven by market forces and organizational changes, while end-of-pipe adoption
depends more on regulatory fulfillment. The implementation of any of these types of technologies is
considered an environmental innovation. At the same time, a huge percentage of the population is
unemployed in developing and developed economies. In this context, innovation is a key strategy
for enhancing the generation of employment because of firms’ sales growth and competitiveness
achieved by technological change. Abundant scholarly work has focused on the factors that explain
the adoption of environmental innovations by the firm in recent years. However, academics know
much less about the potential complementarities between environmental innovation and employment
in terms of economic and firms’ behavior. In this regard, numerous works focus on the drivers of
environmental innovation [2–6], but empirical research about the relationship between environmental
innovation and employment is still relatively scarce [7–12].
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Even though the analysis of influence of eco-innovation on performance still faces relevant
theoretical and empirical limitations [13], the current available statistical information allows achieving
more insights on drivers and synergies between eco-innovation and employment growth. In this sense,
a better characterization of eco-innovative firms enables gathering better knowledge on the factors
jointly influencing environmental sustainable innovation and employment growth. The present paper
aims to lessen this gap. Specifically, our main research contribution is to study the similarities and
differences among the drivers of eco-innovation and employment at firm level.

The analysis focuses on a large sample of Spanish firms using CIS data for the period 2009–2011.
The contribution of the paper to the extant literature is threefold. First, this paper tries to know whether
the drivers of environmental innovation are similar to the factors that influence employment in Spanish
manufacturing and service firms. Second, we consider the firm’s decision to eco-innovate and then pay
attention to the effect on firm employment controlling for environmental performance. Hence, the aim
is to answer whether factors that influence eco-innovation and employment are related. Since firms’
decisions on the adoption of environmental innovation and employment depend on firm resources and
technological capabilities, we take into account firm unobserved heterogeneity. In contrast to previous
studies, attention is placed on the synergies between eco-innovation and employment generation
instead of the influence of adopting environmental innovation on employment. As far as we know, no
studies have gone deeply into this question. Finally, this study attempts to fill the gap in the literature
about the differences between large, and small and medium firms.

The structure of the paper is as follows. In Section 2, previous empirical research about the drivers
of eco-innovation and employment are considered. Afterwards, a conceptual framework is proposed.
Section 3 describes the used dataset, variables and methods used. Section 4 presents the main results.
Finally, Section 5 offers some observations and concludes.

2. Literature Review: Looking Inside Drivers of Eco-Innovation and Employment Growth

2.1. Drivers of Eco-Innovation

Environmental innovation (also called eco-innovation, green innovation or ecological innovation
in other previous studies) is defined as an innovation, a new or modified process, practice, system
or product, which benefits the environment and contributes to environmental sustainability and
development [3,14]. As a response to environmental awareness, companies face environmentally
responsible innovative activities. Harabi [7] enumerates several reasons to eco-innovate: fulfillment
of environmental regulations; securing of existing markets or increasing market share; costs savings;
improvement of the firm’s image and reputation; and firm response to competitor innovation.

The adoption of environmental technologies depends on the firms’ resources and knowledge.
Within the resources of the firm, size is considered a main driver of eco-innovation. Most studies
confirm a positive influence of size on environmental innovation [15–18]. In this regard, extra-financial
resources needed for environmental innovation are also a sufficient reason to suppose that large firms
have a higher probability of eco-innovating than small firms. This is because large firms are more
prone to take risks than SMEs (Small and Medium enterprises). Nevertheless, some studies do not
support this positive influence of firm size on environmental innovation [19,20]. In these latter studies,
other factors—usually less studied in the literature—such as networking, training, cooperation with
universities or suppliers seem to outweigh the effect of size [5,17].

Belonging to a group is also another variable that influences technological capabilities and
innovation [21]. In this perspective, Le Bas and Poussing [22] find that belonging to a group has
a positive influence on the probability of eco-innovating. They believe that this result might be related
to the availability of ample resources and the stability of R&D expenditure in firms that are part of
a group, taking into account the specificity and complexity of environmental technologies [23].

Concerning the role of learning economics measured by firm age, the theoretical and empirical
literature is inconclusive. Some studies show that innovation effort decreases with the age of the
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firm [24], while others argue that the former relationship shows a U-shaped path. Young firms innovate
to survive in a market while old firms innovate to deter the entry of new competitors [25]. In the
same direction, the results concerning the influence of age on eco-innovation are not conclusive, either.
Some authors show that young firms have a higher probability of developing green innovations than
older firms [26], while others do not find that age matters to environmental innovation [4].

The importance of public financing in fostering eco-innovation has also been largely studied
in the theoretical and empirical literature. In this sense, most studies confirm the positive effect of
government-funded R&D subsidies on environmental innovation [27–29].

R&D resources enhance technological capabilities of the firm and trigger innovations [4,30].
Nevertheless, the positive influence of R&D on environmental innovation is not always confirmed in
the literature. The influence of R&D intensity is found to be lower in environmental innovators than
in non-environmental innovators [31] or R&D resources do not influence the level of environmental
innovation [32].

Export orientation is included as a competitive action. It could determine a high innovativeness
(environmental and non-environmental innovation). Regarding eco-innovation, Horbach [4] concludes
that industries with high export intensity are more engaged in environmental innovation because
of the high exposure to competition in global markets. Nonetheless, De Marchi [17] found a weakly
significant negative influence of export on environmental innovation. Thus, the expected sign might
depend on empirical evidence. However, we expect a positive relationship between an international
orientation of the firm and its innovation strategy.

Finally, attention is also paid to the influence of different sources of knowledge information on the
innovative process. In this regard, we expect a positive influence of internal sources of knowledge on
eco-innovations. Similarly, technical knowledge obtained from external sources is often used to explain
sectorial technological capabilities [33,34]. Along this line, several studies enhance the importance of
market (clients, suppliers, competitors) and non-market (universities, scientific institutions) sources of
information to get enough knowledge for the innovation process [35,36]. This has led to the finding that
the level of technological capabilities increases as the knowledge sources become more diverse. Thus,
the higher is the level of technological capabilities (by market and non-market sources), the larger is the
incentive of firms to innovate. In this sense, Horbach et al. [37] compare the knowledge base and the
sources of information used in general and environmental innovations. They show that environmental
innovations involve more external sources of knowledge than conventional innovations for French
firms. In particular, they find that the external source of knowledge from universities is the most
important source for environmental innovative firms followed by the internal source of knowledge.
Although they do not find the same evidence for German firms, their results confirm that environmental
innovation requires more external information than general innovation. In this sense, eco-innovation
requires more external sources of knowledge and information than conventional innovation because
the knowledge used in eco-innovation is more multidisciplinary than the knowledge needed in
other innovations [38]. Some recent studies have tried to prove the role of external knowledge
sources in eco-innovation using the Open Innovation framework proposed by Chesbrough (2003) [39].
Based upon this paradigm, the positive impact of external knowledge sources of information on
technological innovation has been empirically shown [40].

The role of firm networking is also confirmed for a sample of 555 Italian firms by Cainelli et al. [41]
and for a sample of 4964 European SMEs by Triguero et al. [5]. Similarly, Borghesi et al. [32] enhance
the role of acquisition of external knowledge considering a sample of 6000 Italian manufacturing
firms facing CO2 abatement and climate change. In the same direction, cooperation with universities
and public and private research agencies is also one of the most important innovation sources in
eco-innovation [17]. Similarly, Ghisetti et al. [42] confirm that knowledge sourcing has a positive
impact on the adoption of eco-innovation using the Community Innovation Survey (CIS) 2006–2008 in
eleven European countries.
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Finally, firms are sensitive to the distinct technological regimes in which they operate. Hence,
higher technological opportunities must tend to involve a higher probability of innovating and
eco-innovating [43]. In this sense, we control for the type of sector in which the firm operates according
to the degree of technology required.

Following the insights from the literature review, we hypothesize that:

Hypothesis 1a (H1a). The size of the firm positively influences the adoption of eco-innovation.

Hypothesis 2a (H2a). Belonging to a group positively influences the adoption of eco-innovation.

Hypothesis 3a (H3a). The age of the firm negatively influences the adoption of eco-innovation.

Hypothesis 4a (H4a). Public support positively influences the adoption of eco-innovation.

Hypothesis 5a (H5a). R&D intensity positively influences the adoption of eco-innovation.

Hypothesis 6a (H6a). International market orientation positively influences the adoption of eco-innovation.

Hypothesis 7a (H7a). Internal and external knowledge sources positively influence the adoption of
eco-innovation.

2.2. Drivers of Employment Growth Considering Eco-Innovative Performance

For years now, the role of innovation on the creation and/or destruction of employment has
been analyzed in the related literature [44–46]. In this regard, the positive influence of innovation on
employment change has been widely demonstrated [46]. Thus, innovative firms, especially product
innovators, expand their sales, employment and profits more than non-innovative firms. However,
the empirical evidence shows that technological change demand also has a different impact on
employment depending on innovative strategy. Different technological levels and R&D performance
justify that some studies do not find a clear-cut positive relationship between innovative behavior
and employment [47]. Since the employment growth rates of a firm that introduced environmental
innovations may be different than those of a firm that introduces other types of innovations, the
influence of several factors on employment growth, taking into account the adoption of environmental
innovation, must be considered.

Regarding size, most studies conclude that large companies are more innovative because they
have higher R&D and are able to accumulate more knowledge capital than small firms [48] However,
the empirical evidence about the influence of size on employment growth is inconclusive. In this
regard, García et al. [49] show that employment growth is more important for small for large firm R&D
performers in a panel of 1286 Spanish manufacturing firms during the period 1990–1998.

Belonging to a group is also another variable that influences employment as a part of the
eco-innovative capabilities of the firm. In this regard, Licht and Peters [50] find that becoming part of
a group of firms positively influences employment when they consider the influence of sales growth
due to new environmental products on employment in different European countries. The former result
might also be due to a higher stability of employment in subsidiaries than in independent firms [51].

Regarding the results concerning the influence of age on employment growth, some studies
confirm the disproportionate contribution of young firms to job creation in several countries while
old firms contribute more to job destruction [52]. In the same direction, Horbach and Rennings [10]
confirm that younger firms show more dynamic employment using 2009 German CIS (specially the
environmental process innovators).

The literature has also considered the influence of subsidies on patent stock, productivity, capital
investment, sales growth and employment [53]. In this sense, public subsidies have frequently
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been found to be an incentive to lead additional private R&D and innovation [54]. This positive
relationship between firm knowledge of public support and innovative skills at the firm level has been
confirmed [55].

Regarding R&D expenditure, firms that invest more in R&D also have a high probability of
creating employment. This result is confirmed in numerous studies mainly for product innovators in
high-tech manufacturing and service sectors [49]. According to most empirical evidence, a positive
relationship between R&D and employment is shown, particularly in high-tech sectors [45,47,52].
Moreover, a positive influence of R&D on employment has been found even in non-high-tech
sectors [56] because environmental innovations require more advanced technologies than other types
of innovations.

Export orientation is also considered a competitive action for improving firm performance.
In this regard, the literature highlights that employment growth is higher in exporter firms than in
non-exporters because of higher productivity rates in exporting firms [57,58]. A positive and significant
effect of export on employment is expected. Despite the lack of empirical evidence, a higher degree of
internationalization is also associated with higher employment dynamics by eco-innovative firms [10].

Finally, attention is also paid to the influence of different sources of knowledge information on
employment growth. In this regard, we expect a positive influence of internal sources of knowledge on
employment growth. In this sense, little empirical evidence has been found. As far as we know, only
few studies contemplate the influence of knowledge sourcing on employment growth. In this sense,
Peters [59] considers the intensive use of clients and science (universities, public research institutes)
as a source of information to study the relationship between innovation and employment growth in
manufacturing and service firms in Germany. Similarly, some research considers the utilization of
clients a source of information for the innovation process as an instrument for explaining the influence
of sales growth due to new products and process innovation on employment for manufacturing
and service firms in France, Germany, Spain and UK [60] and for Chilean manufacturing firms [61].
Furthermore, the positive influence of internal and external knowledge sources on the adoption of
eco-innovation has recently been shown [5,17,42].

Taking into account the literature review made above, we hypothesize that:

Hypothesis 1b (H1b). The size of the firm positively influences employment, controlling for eco-innovative behavior.

Hypothesis 2b (H2b). Belonging to a group positively influences employment, controlling for eco-innovative behavior.

Hypothesis 3b (H3b). The age of the firm negatively influences employment, controlling for eco-innovative behavior.

Hypothesis 4b (H4b). Public support positively influences employment, controlling for eco-innovative behavior.

Hypothesis 5b (H5b). R&D intensity positively influences employment, controlling for eco-innovative behavior.

Hypothesis 6b (H6b). International market orientation positively influences employment, controlling for
eco-innovative behavior.

Hypothesis 7b (H7b). Internal and external knowledge sources positively influence employment, controlling for
eco-innovative behavior.

2.3. Theoretical Framework

Although environmental innovation is affected by firm pressure and concerns about environment
and socio-economic conditions [4,19,62], own resources and capabilities also play a fundamental
role in explaining the firm’s innovative performance. The development of eco-innovation usually
implies investing in technologies that change the firm’s capability in terms of knowledge creation.
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To meet these challenges, the firm’s resource base is modified. Hence, this change affects firm
performance, namely, employment dynamics. From this perspective, the conceptual framework
used for analyzing the drivers of eco-innovations and employment is based on the resource-based view
theory (RBV) (Figure 1). In this regard, the RBV paradigm serves to “examine the link between a firm’s
internal characteristics and performance” [63]. To do this, the RBV (resources) and competitive dynamics
(actions) are integrated. In this way, identifying the linkages between resources and the decision to
eco-innovate will contribute to understanding why some firms experience better performance in terms
of employment [64]. Thus, this approach makes it possible to analyze the influence of internal and
external factors in the decision to eco-innovate and employment growth (performance), taking into
account the eco-innovative strategy (action). Based on the arguments above, the proposed theoretical
framework is as follows:
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3. Materials and Methods

Data are obtained from the Spanish CIS (PITEC) corresponding to the period 2009–2011.
This dataset provides a rich source of information about the innovative behavior of firms in all
sectors. PITEC includes firms with different sizes and characteristics but only provides information
about the behavior of innovative firms. Therefore, PITEC is a very helpful dataset for analyzing
the drivers of innovation and measuring the consequences of different kinds of innovations, i.e.,
eco-innovations. Furthermore, these data give information about the different strategies in relation to
the innovation process and the performance of specific outputs, i.e., employment.

This study focuses on environmentally motivated innovations. Thus, all the innovations that
enable a firm to decrease, incrementally or drastically, its negative environmental impacts through
new products, processes, services or methods are considered. This criterion is similar to the one
used by the European Commission in the design of the European Environmental Technologies Action
Plan (ETAP). Following other previous studies [4,17], a question of Spanish CIS data asking about
the “importance of reduced environmental impacts” instead of self-reported data on the effect of
the innovations introduced is used. We believe that these data allow non-ambiguously identifying
eco-innovators by their activity and self-perception. This feature of the dataset allows managers to
state they aim environmental benefits with their innovation activity. Our first dependent variable
is environmental-innovation (or eco-innovation), Ecoinnovationi(t), which takes the value 1 if the
company reports that its innovation has been developed to “reduce environmental impact” with
high or medium importance. Although this might be a limitation of this research, “unintentional
environmental innovations are very difficult to identify and thus to evaluate, since the environmental
gains of ‘normal innovations’ have never been the object of systematic study” [65] (p. 2). The second
dependent variable is defined as the actual difference in firm size (absolute growth). This proxy is
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a common way of measuring proportional firm growth [66]. Therefore, our dependent variable is
computed as log(gi,t) = log(Employmenti(t)) − log(Employmenti(t − 1)) where Employmenti(t) is the size
of firm i at time t.

The database includes 9239 firms that belong to manufacturing and service sectors in Spain,
although not all of them confirm to be innovators in the period considered. Table 1 shows the number
of eco-innovative and non-eco innovative firms according to size. In total, 6129 firms are innovative
firms, 2892 of which are eco-innovators. Therefore, around half of innovative firms declare carrying
out eco-innovation (47.19%). If we distinguish by number of employees, nearly half of innovative
SMEs confirm to be eco-innovators (2101 firms). This proportion is higher across innovative large firms,
given that about 51% eco-innovate. These descriptive results recommend distinguishing behavior by
SMEs (<200 employees) and large firms (≥200 employees).

Table 1. Eco-innovators and non-eco-innovators distinguishing by size.

Total Innovators Total Innovative SMEs Total Innovative Large Firms

Eco-innovators 2892
(47.19%)

2101
(45.88%)

791
(51.03%)

Non-eco-innovators 3237
(52.81%)

2478
(54.12%)

759
(48.97%)

Total innovators 6129 4579 1550

The PITEC also provides information about other firm characteristics. In particular, special attention
is paid to firms’ resources and technological opportunities related to size, age, ownership, public
financing, R&D, export behavior and sources of knowledge information. All these factors are usually
considered drivers of eco-innovation. Furthermore, we introduce control sector dummies to capture sector
technological opportunities distinguishing among high-tech, medium-tech, KIS (knowledge-intensive
services) and LKIS (low knowledge-intensive sectors), similar to Licht and Peters [50].

One problem is related to the endogeneity issue due to potential reverse causality between some
dependent and independent variables. To control for that, we introduce one lagged value of the
variables to estimate our models. Finally, robustness analyses are carried out distinguishing by the
size of the firm (SMEs and large firms) and the type of technological innovative strategy (process or
product). Table 2 provides a complete list of variables and definitions used in this study (see Table A1
for the Correlation Matrix).

Table 2. Variables in the model.

Dependent Variables

Eco-innovation

1 if the innovative firm reports high or medium importance in
“reducing environmental impact” as an objective of technological
innovation during 2009–2011
0 if not

Employment growth Log of the number of employees in the year 2011 less the log of the
number of employees in the year 2010

Explanatory Variables

Resources

Size 1 if firm has 200 or more employees
0 if firm has less than 200 employees

Membership of a group 1 if firm is membership of a group of firms
0 if not

Age Years since the firm was established

Public financing (t − 1)

1 if firm receives public financing for its internal R&D activity from
local, national or regional administration and European Union in the
previous period
0 if not
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Table 2. Cont.

Explanatory Variables

Resources

R&D intensity (t − 1) Total expenditure in R&D activities over the total employees in the
previous period

Export (t − 1) 1 if firm is exporter in the previous period
0 if not

Technological Opportunities

Sources of Knowledge

Internal sources of knowledge (t − 1)
1 if firm considers that information within the firm has been very
relevant for its innovative activity in the previous period
0 otherwise

Vertical external knowledge sources (t − 1)
1 if firm considers that information from providers and clients have
been very relevant for its innovative activity in the previous period
0 otherwise

Competitors knowledge sources (t − 1)
1 if firm considers that information from competitors have been very
relevant for its innovative activity in the previous period
0 otherwise

Institutional knowledge sources (t − 1)

1 if firm considers that information from laboratories, private
institutes, universities, research public organizations or technological
center have been very relevant for its innovative activity in the
previous period
0 otherwise

Other external knowledge sources (t − 1)

1 if firm considers that information from fairs, conferences, scientific
publications or industrial associations have been very relevant for its
innovative activity in the previous period
0 otherwise

Sector dummies One dummy for each of the 37 sectors considered (manufacturing and
services)

High-tech manuf.
1 if firm belongs to a sector classified as High-tech manufacturing
sector
0 otherwise

Low-tech manuf.
1 if firm belongs to a sector classified as Low-tech manufacturing
sector
0 otherwise

Medium-tech manuf.
1 if firm belongs to a sector classified as Medium-tech manufacturing
sector
0 otherwise

KIS
1 if firm belongs to a sector classified as Knowledge-Intensive Services
sector
0 otherwise

Low-KIS
1 if firm belongs to a sector classified as Low-Knowledge-Intensive
Services
0 otherwise

Instrumental Variables

Eco-regulation

1 if the innovative firm reports high or medium importance in
“compliance with environmental, health or security requirements” as
an objective of technological innovation during 2009–2011
0 if not

Energy savings

1 if the innovative firm reports high or medium importance in
“reducing energy used per produced unit” as an objective of
technological innovation during 2009–2011
0 if not

Table 3 gives summary statistics of the variables used and the t-tests on mean differences between
eco- and non-eco-innovators, which are significant at the 99% level of significance for all variables. The
data show that eco-innovative firms are characterized by a better performance in terms of employment
growth (a lower decrease). They are bigger and older, belong to a group, export, have higher R&D
intensity and receive more public subsidies than non-eco-innovators. Additionally, eco-innovators
make greater use of internal and external sources of knowledge. Finally, the share of eco-innovators is
higher in the manufacturing sector than in the service sector.



Sustainability 2017, 9, 2057 9 of 22

Table 3. Descriptive statistics and mean difference test (Eco-innovators and non-eco innovators).

Total Innovators Eco-Innovators Non-Eco Innovators Mean
Difference

Test
(6129 Firms) (2892 Firms) (3237 Firms)

Mean Std. Dev. Min Max Mean Std. Dev. Min Max Mean Std. Dev. Min Max

Employment growth −0.0317 0.3411 −7.002 2.197 −0.0159 0.2590 −5.46 2.076 −0.0459 0.4001 −7.002 2.197 −5.14 ***
Size 0.2528 0.4347 0 1 0.2735 0.4458 0 1 0.2345 0.4237 0 1 −4.45 ***

Group 0.4553 0.4980 0 1 0.4882 0.4999 0 1 0.4260 0.4945 0 1 −10.12 ***
Age 28.47 20.97 0 342 30.09 21.88 0 342 27.01 20.01 0 305 −8.32 ***

RDint (t − 1) 8168.7 22,703.5 0 637,484.1 10,518.8 28,600.0 0 637,484.1 6062.6 15,333.9 0 209,967.1 −15.58 ***
Export (t − 1) 0.7079 0.4547 0 1 0.7874 0.4092 0 1 0.6367 0.4810 0 1 −22.47 ***

Public subsidies (t − 1) 0.3909 0.4880 0 1 0.4920 0.5000 0 1 0.3003 0.4584 0 1 −34.19 ***
Internal sources of knowledge (t − 1) 0.6110 0.4875 0 1 0.6745 0.4686 0 1 0.5482 0.4977 0 1 −14.21 ***

Vertical external knowledge sources (t − 1) 0.4168 0.4931 0 1 0.4803 0.4997 0 1 0.3540 0.4783 0 1 −15.12 ***
Competitors knowledge sources (t − 1) 0.1327 0.3393 0 1 0.1583 0.3651 0 1 0.1074 0.3097 0 1 −8.94 ***

Other sources of knowledge (t − 1) 0.1137 0.3174 0 1 0.1455 0.3527 0 1 0.0822 0.2747 0 1 −9.48 ***
Institutional knowledge sources (t − 1) 0.1091 0.3119 0 1 0.1451 0.3523 0 1 0.0770 0.2666 0 1 −19.63 ***

High-tech manuf. 0.0571 0.2320 0 1 0.0681 0.2520 0 1 0.0473 0.2121 0 1 −7.46 ***
Low-tech manuf. 0.1644 0.3707 0 1 0.1888 0.3914 0 1 0.1427 0.3498 0 1 −3.89 ***

Medium-tech manuf. 0.3607 0.4803 0 1 0.4426 0.4968 0 1 0.2876 0.4527 0 1 −15.53 ***
KIS 0.1573 0.3641 0 1 0.1083 0.3107 0 1 0.2011 0.4008 0 1 −5.74 ***

Low-KIS 0.2604 0.4389 0 1 0.1923 0.3941 0 1 0.3213 0.4670 0 1 19.94 ***
Eco-regulation 0.5146 0.4998 0 1 0.8571 0.3499 0 1 0.1661 0.3722 0 1 −83.92 ***
Energy savings 0.4110 0.4920 0 1 0.6569 0.1718 0 1 0.1601 0.3674 0 1 −47.25 ***

*** p < 0.
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Since we believe that variables that influence being an eco-innovator are related to those
that influence employment growth, we estimate the two separate models. The first equation, the
Eco-Innovation Equation, explains a firm’s probability of eco-innovating, where Ecoinnovationi is
equal to 1 if firm i innovates assessing the importance of alleviating environmental damage from t − 1
to t and 0 otherwise. To do this, we calculate the following probit model:

Ecoinnovationi =

{
1 if Ecoinnovation∗i = X′1iβ1 + Z′1iγ1 + ε1i > 0
0 if Ecoinnovation∗i = X′1iβ1 + Z′1iγ1 + ε1i ≤ 0

(1)

where Ecoinnovation∗i is the latent variable, X′1i includes a set of control variables, Z′1i represents the
set of exogenous factors and ε1i is the usual error term.

Second, the determinants of employment growth are estimated using OLS regressions. The second
equation is defined as follows:

Growthi = β0 + X1iβ1 + X2iβ2 + . . . + Xriβ1+r + ui (2)

where Growth is the log of employees in the year t minus the log of employees in the year t − 1 in
firm i; X′1i, . . . , Xri are the explanatory variables, including a dummy for eco-innovation; and µi is
the error term. With the aim of searching for synergies between eco-innovation and employment
growth, we also introduce interactions terms between the dummy of eco-innovation and the rest of the
independent variables of interest. It enables us to get additional insights on results.

Although OLS estimation is the most widely used regression method, there might appear
possible endogeneity problems with respect to eco-innovation. In this case, OLS produces biased
and inconsistent estimations. To tackle this, and as a robustness check, an instrumental variable (IV)
regression is carried out considering the endogeneity of the eco-innovation variable. In this sense, it is
necessary to find a good predictor (instrument) for eco-innovation, which is otherwise exogenous.

The IV method allows for consistent estimation when the explanatory variables are correlated with
the error terms. Considering our regression of interest with eco-innovation as an endogenous variable:

Growthi = β0 + Xiβ1 + W1iβ2 + . . . + Wriβ1+r + ui (3)

where Xi is the endogenous explanatory variable, eco-innovation; W1i, . . . , Wri are the rest of the
exogenous explanatory variables; and ui is the error term. The IV method replaces the actual realized
values of Xi, which is correlated with ui by predicted values of Xi that are related to the actual
Xi but uncorrelated with ui. Predicted values are formed by projecting Xi on a set of instruments,
labeled Zi, which are related to the endogenous explanatory variable and uncorrelated with the errors.
The instruments, which must be as numerous as endogenous regressors, are used to estimate the
causal impact of Xi on Yi in a two-step procedure, after conditioning on all the remaining exogenous
variables (W1i, . . . , Wri).

The most common IV estimator is the Two Stage Least Squares (2SLS). In a first stage regression,
the endogenous variable is regressed on the instruments and the rest of the explanatory variables.
In this first stage, the variation in Xi that is not correlated with ui is isolated. The resulting fitted value
X̂, is afterwards used in the second stage instead of the endogenous regressor Xi. In particular, in the
first-stage regression:

Xi = π0 + Z1iπ1 + . . . + Zmiπm + W1iπm+1 + . . . + Wriπm+r + vi (4)

In the second stage, Yi is regressed on the rest of the exogenous variables and the resulting fitted
value X̂, according to Expression (5):

Growthi = β0 + X̂iβ1 + W1iβ2 + · · ·+ Wriβ1+r + ui (5)
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where the coefficients β are the 2SLS estimators. In this regression, the exogenous explanatory variables
have an important role in the IV estimation, not only because they increase statistical efficiency by
reducing the variance of the sample, but also because they control for any self-selection bias caused by
the instruments [67,68].

One problem of the 2SLS is that it is very sensitive to the finite simple bias. If we have weak
instruments, this bias might increase. In this case, one option is to use a limited information maximum
likelihood estimator (LIML). This is approximately median unbiased for over-identified constant.
It provides the same asymptotic distribution as 2SLS but provides a finite-simple bias reduction.

The consistency of the IV estimator depends on the exogeneity condition of the instruments. If the
instruments are not exogenous (that means, correlated with the error term), they cannot identify the
exogenous variation in the endogenous regressor, Xi. In this case, IV estimators are inconsistent.

4. Results

Table 4 reports the results from the corresponding probit equations and average marginal effects
to account for the effect of diverse factors on environmental innovation. Size, belonging to a group, age,
R&D intensity, public financing, export, and internal and external sources of knowledge considered
are determinant factors for explaining eco-innovation. First, larger and older firms have a higher
probability of eco-innovating and contributing more to eco-innovation than smaller and younger firms.
Therefore, they are more prone to innovate with environmental benefits. Although Ziegler et al. [25]
show that young firms have a higher probability of developing green innovations than older firms
do, our results are in line with the majority of previous studies [15,17,18,69]. In addition, belonging
to a group positively influences the likelihood of eco-innovation. In this sense, the complexity and
specificity of environmental technologies and financial resources associated with environmental
innovation might be enough of a reason to explain why these types of firms are more willing to take
risk. Thus, we accept hypotheses H1a and H2a but H3a is not accepted. The latter result accords to
some previous literature. R&D positively influences eco-innovation, supporting H4a. This finding
is similar to studies in which higher R&D capabilities enhance eco-innovation [4,30]. Similar results
are found for public financing and international market orientation to eco-innovation in support of
H5a and H6a. Finally, all internal and external sources of knowledge are relevant for eco-innovation.
These findings are in line with the large body of literature that confirms that successful innovators
generally tend to use a broader set of knowledge sources [40]. Thus, we accept H7a.

Table 4. Drivers of eco-innovation (Probit Models with average marginal effects).

(1) (2)

Size
0.1063 *** 0.1000 ***
(0.0152) (0.0147)

Group 0.0212 * 0.0263 **
(0.1210) (0.1208)

Age 0.0008 *** 0.0008 ***
(0.0003) (0.0002)

RDint (t − 1) 1.41 × 10−0.6 *** 2.51 × 10−0.6 ***
(3.76 × 10−7) (3.49 × 10−7)

Public subsidies (t − 1)
0.1443 *** 0.1497 ***
(0.0117) (0.0117)

Export (t − 1) 0.0369 *** 0.0437 ***
(0.0136) (0.0134)

Internal sources of knowledge (t − 1) 0.1177 *** 0.1167 ***
(0.0111) (0.0112)

Vertical external knowledge sources (t − 1) 0.0865 *** 0.0874 ***
(0.0117) (0.0118)
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Table 4. Cont.

(1) (2)

Competitors knowledge sources (t − 1) 0.0516 *** 0.0487 ***
(0.0176) (0.0177)

Other external sources of knowledge (t − 1) 0.0843 *** 0.0874 ***
(0.0185) (0.0186)

Institutional knowledge sources (t − 1) 0.0537 *** 0.0710 ***
(0.0183) (0.0183)

Sector dummies Yes -

Low-tech manuf. 1 0.0468 *
(0.0264)

Medium-tech manuf. 1 0.0687 ***
(0.0245)

KIS 1 −0.1983 ***
(0.0271)

Low-KIS 1 −0.0874 ***
(0.0258)

Observations 6866 6866

LR chi2 1274.3 1142.85

Prob > chi2 0.000 0.000

Log likelihood −4010.8 −4076.6
1 Reference category: High-Tech sectors; * p < 0.10; ** p < 0.05; *** p < 0.01; standard errors in parentheses.

These results are confirmed considering sector technological opportunities (Specification 2 in
Table 4). Taking the high-Tech sector as a reference category, all the coefficients are positive to explain
eco-innovative behavior in the manufacturing sector and negative for the services sector. Hence,
belonging to services sector (low KIS and KIS) decreases the probability of eco-innovating.

Table 5 includes different estimations of the drivers of employment growth controlling for
eco-innovation. The results show a positive influence of size on employment in line with findings in
previous studies [10,59]. Thus, we accept hypothesis H1b. However, we cannot accept hypothesis H2b:
belonging to a group decreases employment growth considering eco-innovative behavior. Similar
results are found for age in support of H3b. Older eco-innovative firms are less prone to create
employment, in line with previous literature [10,52]. Similar to the influence on eco-innovation,
R&D intensity and export positively influence employment. Therefore, we accept H5b and H6b.
Regarding external market orientation through export strategies, this variable is also positive and
significant for explaining employment dynamics at the 99% level of significance. This result is
consistent with literature that highlights that employment growth is higher in exporter firms than
in non-exporters [57,58]. However, results for public funding and internal and external sources of
knowledge are dissimilar to the estimations made to explain the drivers of eco-innovation (we cannot
fully accept H4b and H7b). Taking high-tech sector as a reference category, only the coefficient for
the low KIS sector is significant and negative to the contribution to employment when technological
opportunities are considered.

The control dummy used for eco-innovation is positive at the 99% level of significance
(Specification 2). To argue for synergies, interaction terms are introduced between eco-innovation
and the rest of independent variables of interest. As we expected, the sign of eco-innovation remains
stable but the coefficient lacks its significance. In the case of interaction with the size of the firm,
the negative sign of the coefficient means that the effect of being large on employment growth is
significantly lower when these firms are also eco-innovators. In this sense, the size of the company
moderates the positive role of eco-innovation on employment growth while young firms not belonging
to a group (eco-entrepreneurs) contribute more to employment growth than old firms belonging to
a parent company. Thus, the findings shed light on the entrepreneurial perspective of small and
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young fast-growth eco-entrepreneurs [70]. Although our results are in contrast with previous research
confirming the importance of experience of the eco-innovative firms to employment growth [71],
we find that green young firms show a greater potential of growth than green mature firms showing
the different role of old and start-up firms towards a more sustainable industry [72]. The interaction
with R&D intensity also shows a negative sign, indicating that, among eco-innovative firms, the higher
the intensity in R&D is, the lower the effect on employment. Therefore, being an eco-innovator and
spending more resources on R&D does not mean higher employment growth. When we include the
interaction with the sources of knowledge, the internal sources and the vertical external knowledge
sources gain significance and the coefficients of the interactions are negative. That result indicates
that the effect on employment is lower in eco-innovative firms when they use these sources. Being an
eco-innovator and nurturing these sources of knowledge exert a moderating role on employment
growth. Finally, the rest of the interactions do not indicate a significant effect (Specification 3).
This evidence implies that the way by which eco-innovators use external knowledge sources is
different between eco-innovators and non-eco-innovators. This moderate effect of eco-innovation on
the influence of external knowledge sources on firm growth could be explained by the high complexity
and specificity of knowledge associated with eco-innovations [73]. Moreover, the potential longitudinal
and non-linear effects, and the breadth and depth of collaboration across sectors and over time could
also be an explanation to this puzzling result [74].

To handle possible endogeneity with respect to eco-innovation, an instrumental variable approach
is used. Although it is very difficult to find good instruments to control for the endogeneity of
eco-innovation (exogenous for employment growth), we have used two dummies related to fulfillment
of environmental regulation and energy savings as instruments. Both of them can be expected to
be exogenous. First, environmental regulation influences directly to the propensity to eco-innovate
but not employment growth. Second, energy savings is also a driver of eco-innovative decisions
but it is not closely related to firm growth. An IV regression for employment growth via two-stage
least squares (Specification 4) is estimated. An IV regression via the LIML estimator has been also
made for further robustness test. The results, which are not shown in the table, are very similar of
those we have obtained in the 2SLS. To validate the introduced instruments the post estimation tests
available in STATA 14.0 (StataCorp LP, Texas, USA) have been applied. In this regard, they show the
relevance of the excluded exogenous variables and the tests of over-identifying restrictions (Sargan,
Basmann and Wooldridge’s robust score tests in the 2SLS, Anderson and Rubin’s chi-squared test, and
Basmann’s F test in the LIML) also show that the instruments are valid (the LIML estimation and these
tests are available from the authors upon request.) The estimation shows results similar to the first
model confirming the robustness of our results.

Table 5. Drivers of employment growth (OLS and IV estimations).

(1) (2) (3) (4)

OLS OLS with
Eco-Innovation

OLS with
Interactions

Instrumental
Variables 2SLS

Eco-innovation
0.0231 *** 0.0448 0.0332 **
(0.00794) (0.0296) (0.0139)

Size
0.112 *** 0.110 *** 0.159 *** 0.112 ***
(0.0156) (0.0154) (0.0280) (0.0123)

Group −0.029 *** −0.0300 *** −0.0649 *** −0.0394 ***
(0.0111) (0.0112) (0.0206) (0.0101)

Age −0.00196 *** −0.00198 *** −0.00316 *** −0.00221 ***
(0.00057) (0.000578) (0.00115) (0.000228)

RDint (t − 1)
5.75 × 10−7 *** 5.35 × 10−7 *** 8.56 × 10−7 *** 4.74 × 10−7 **
(1.78 × 10−7) (1.76 × 10−7) (2.63 × 10−7) (2.11 × 10−7)

Public subsidies (t − 1)
0.00706 0.00325 −0.00701 3.89 × 10−6

(0.00838) (0.00842) (0.0144) (0.00994)
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Table 5. Cont.

(1) (2) (3) (4)

OLS OLS with
Eco-Innovation

OLS with
Interactions

Instrumental
Variables 2SLS

Export (t − 1) 0.0363 *** 0.0353 *** 0.0543 *** 0.0420 ***
(0.0119) (0.0120) (0.0196) (0.0114)

Internal sources of knowledge (t − 1) 0.00098 −0.00181 0.0400 *** −0.000741
(0.00848) (0.00865) (0.0148) (0.00972)

Vertical external knowledge sources (t − 1) 0.0163 * 0.0142 0.0612 *** 0.0166 *
(0.00915) (0.00938) (0.0122) (0.0100)

Competitors knowledge sources (t − 1) −0.000150 −0.00130 −0.0313 −0.00679
(0.0136) (0.0133) (0.0261) (0.0145)

Other external sources of knowledge (t − 1) −0.00661 −0.00866 0.0211 −0.0107
(0.0122) (0.0123) (0.0167) (0.0151)

Institutional knowledge sources (t − 1) 0.00369 0.00196 0.0280 0.00279
(0.0122) (0.0122) (0.0174) (0.0150)

Low-tech manuf. 1 0.0226 0.0218 0.0267 * 0.0206
(0.0138) (0.0138) (0.0144) (0.0219)

Medium-tech manuf. 1 0.0270 ** 0.0255 * 0.0338 ** 0.0266
(0.0132) (0.0132) (0.0140) (0.0202)

KIS 1 −0.00205 0.00239 0.00429 0.00976
(0.0158) (0.0159) (0.0170) (0.0223)

Low-KIS 1 −0.0614 *** −0.0591 *** −0.0591 *** −0.0616 ***
(0.0188) (0.0186) (0.0195) (0.0213)

Eco-innovation*size
−0.0908 ***

(0.0305)

Eco-innovation*group 0.0461 *
(0.0240)

Eco-innovation*age 0.00180
(0.00123)

Eco-innovation*RD
−6.44 × 10−7 ***

(2.43 × 10−7)

Eco-innovation*public subsidies 0.00554
(0.0176)

Eco-innovation*export −0.0458
(0.0281)

Eco-innovation*internal sources
−0.0354 *
(0.0184)

Eco-innovation*vertical sources
−0.0401 **

(0.0169)

Eco-innovation*competitor sources −0.00689
(0.0343)

Eco-innovation*other sources
−0.0288
(0.0220)

Eco-innovation*institutional sources
−0.0255
(0.0218)

Observations 6866 6866 6084 5914

F-test 6.24 5.93 3.08 Wald chi = 238.48

Prob > F 0.000 0.000 0.000 0.000
1 Reference category: High-Tech sectors; * p < 0.10; ** p < 0.05; *** p < 0.01; standard errors in parentheses.
2 Interaction terms among Eco-innovation and explanatory variables that are not significant have not been showed
to save space.

To summarize, the results show synergies and differences among the drivers of eco-innovation
and employment. In particular, size, R&D intensity and export exert a positive influence on both
dependent variables. Furthermore, the influence of age and group is significant but in the opposite
direction. Internal and external sources of knowledge are relevant factors for eco-innovations but
only have influence on employment by controlling for eco-innovation through interactions terms.
Internal and external sources from suppliers and providers (vertical) also contribute to employment.

In Table 6, the estimations are carried out distinguishing between SMEs and large firms. Regarding
R&D intensity, public subsidies, export, internal sources of knowledge and external knowledge,
the findings are identical for SMEs and large firms and consistent with previous estimations. However,
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the positive influence of age and group on eco-innovation is only significant for small firms at the
99% level of significance. Although the sign of coefficients is similar to the specifications for the
whole sample, the influences of eco-innovation and age on employment growth lack significance for
large firms.

Table 6. Drivers of eco-innovation and employment growth by size.

<200 Employees ≥200 Employees

Eco-Innovation Employment Growth Eco-Innovation Employment
Growth

Eco-innovation
0.029 8 *** 0.0146
(0.00957) (0.0143)

Group 0.0290 ** −0.0292 ** 0.0023 −0.00271
(0.0133) (0.0127) (0.0291) (0.0133)

Age 0.0011 *** −0.00356 *** 0.0006 −0.000323 **
(0.0004) (0.00104) (0.0004) (0.000164)

RDint (t − 1)
2.39 × 10−6 *** 5.07 × 10−7 *** 2.97 × 10−6 ** 4.33 × 10−7

(3.72 × 10−7) (1.95 × 10−7) (1.17 × 10−6) (2.99 × 10−7)

Public subsidies (t − 1)
0.1426 *** 0.0142 0.1530 *** −0.0121
(0.0134) (0.0103) (0.0243) (0.0114)

Export (t − 1) 0.0390 ** 0.0535 *** 0.0474 −0.00650
(0.0152) (0.0153) (0.0291) (0.0139)

Internal sources of
knowledge (t − 1)

0.1170 *** −0.000666 0.1087 *** −0.00731
(0.0127) (0.0105) (0.0236) (0.0116)

Vertical external
knowledge sources (t − 1)

0.0904 *** 0.0105 0.0879 *** 0.0129
(0.0135) (0.0117) (0.0242) (0.0124)

Competitors knowledge
sources (t − 1)

0.0502 ** 0.00370 0.0380 −0.0189
(0.0199) (0.0166) (0.0386) (0.0133)

Other external sources of
knowledge (t − 1)

0.0852 *** −0.00651 0.1078 *** −0.0195 *
(0.0212) (0.0155) (0.0389) (0.0110)

Institutional knowledge
sources (t − 1)

0.0598 *** 0.00639 0.0896 ** 0.000396
(0.0273) (0.0154) (0.3917) (0.0131)

Low-tech manuf. 1 0.0766 ** 0.0301 ** −0.0497 0.00882
(0.0304) (0.0151) (0.0551) (0.0346)

Medium-tech manuf. 1 0.0852 *** 0.0286 ** 0.0361 0.0163
(0.0283) (0.0137) (0.0516) (0.0347)

KIS 1 −0.1549 *** −0.0235 −0.3091 *** 0.0382
(0.0317) (0.0179) (0.0546) (0.0381)

Low-KIS 1 −0.0439 −0.0903 *** −0.1927 *** −0.000803
(0.0302) (0.0230) (0.0520) (0.0343)

Observations

5319 5319 1547 1547
LR chi2 = 729.02 F test = 3.63 LR chi2 = 380.14 F test = 1.09

Prob > chi2 = 0.000 Prob > F = 0.000 Prob > chi2 = 0.000 Prob > F = 0.363
Log likelihood = −3183.3 Log likelihood = −882.1

1 Reference category: High-Tech sectors; * p < 0.10; ** p < 0.05; *** p < 0.01; standard errors in parentheses.

Regarding the influence of external knowledge sources, knowledge from competitors is significant
for SMEs in explaining eco-innovation but not for large firms. Other external sources positively
influence eco-innovation for SMEs and large firms, but only matter for eco-innovation, not for
explaining employment dynamics as in previous results.

As an additional control, we repeat the estimations distinguishing between product and process
innovation. As can be seen in Table A2 in Appendix A, this distinction does not significantly alter the
previous results for the whole sample. We find some differences only in the magnitude of coefficients,
not in the sign. The most important difference is that the use of competitors’ knowledge sources is only
positive to explain eco-product innovation but not eco-process innovation or the lack of significance
for eco-innovation to employment growth controlling for eco-product innovation. Hence, the type of
innovation does not seem to be a relevant factor in explaining employment in eco-innovative Spanish
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manufacturing and services firms. This finding contrasts with empirical previous empirical evidence
found for firms located in other European countries [37,69].

5. Discussion and Conclusions

This paper explores similarities and differences among the drivers of eco-innovation and employment
taking into account eco-innovation performance in a sample of more than 6000 Spanish manufacturing
and services firms. To do this, we have estimated two separate equations: an eco-innovation equation
and an employment equation controlling for the decision to eco-innovate. Using different econometric
methods, we find that the adoption of eco-innovation must be accounted for to explain employment
dynamics of Spanish manufacturing and service firms. Moreover, our findings confirm that some variables
related to innovative capabilities have a similar influence on eco-innovation and employment. In particular,
size, R&D and export positively influence both. However, age, group, public aid, internal knowledge
information and external sources of knowledge information from suppliers, providers, universities and
research institutes seem to exert a different influence on each of them. Older firms are more likely to
eco-innovate but they contribute less to employment growth controlling for the eco-innovative decision.
The findings also show the positive influence of R&D intensity on eco-innovation and employment
growth in absolute terms. R&D resources foster eco-innovation contributing to increasing the firm’s
competitiveness and employment growth. Moreover, the different role of sector technological opportunities
in eco-innovation and employment is also verified, showing that belonging to a high-tech sector increases
the probability of eco-innovating while contributing negatively to employment growth. To sum up,
environmental innovation is driven by diverse internal and external factors to the firm. In this sense,
environmental innovation contributes to enhance the competitiveness and productivity of firms. Different
motives (regulation, cost savings or others) incentivize environmental innovation and this decision leads to
a double “win–win” outcome: pollution abatement and productivity increases [38,75].

Regarding the different behavior of large and SMEs, the results confirm that the drivers and synergies
between environmental innovation and employment are similar in SMEs are similar to those of the whole
sample. Furthermore, the influence of public subsidies, internal sources of knowledge and vertical external
knowledge sources on eco-innovation and employment is comparable. However, some differences are
found in the influence of age, R&D intensity and several external knowledge sources. In particular, larger
and older firms have a higher probability of eco-innovating and contributing more to employment.
In addition, R&D intensity and knowledge information from competitors and institutions such as
universities and research institutes do not influence eco-innovation. Thus, a different use of knowledge
sourcing on the adoption of eco-innovation and employment by large and small firms is confirmed. In this
regard, we have tried to extent the existing literature on the relationship and potential consequences of
environmental innovation and to analyze the different influence of firm’s resources and technological
capabilities and strategies on the emergence of environmental innovations and employment generation.
If eco-innovation is relevant for employment growth, the managers must consider that the choice of
a technological innovative strategy with environmental benefits (or without environmental damage) could
contribute to the increase of their growth in terms of returns and employees. This managerial decision could
also strengthen their level of corporate social responsibility. The enhancement of synergies of environmental
innovation and employment growth might even be more crucial for policy makers in European countries,
such as Spain, taking into account the linkage with the Europe 2020 Strategy and the International
Sustainable Agenda. In this regard, the EU has to promote environmental innovation in the fight against
climate change and the promotion of a low-carbon economy but also try to promote employment.

Implications for scholars include the better understanding about how environmental innovation
help to foster economic growth and sustainability, but our work is not exempt from limitations. Firstly,
there are limitations related to the assessment of eco-innovation. In this regard, more reliable data
such as the number of the environmental technology-related patents registered by the firm in a certain
time of the period or whether the firm is registered for environmental management system (EMS)
such as ISO 14000 series or EMAS (Eco-Management and Audit Scheme) could increase the reliability
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of the analysis to get deep insights about the relationship between eco-innovation and employment.
Unfortunately, we are not able to identify the firm in this dataset to matching with their number of
eco-patents or to know if they are implemented a certified EMS. Second, there is a limitation related to
the cross-section nature of data. In this sense, we recognize that this means that our results only can
be generalized with certain caution because our employment variable only accounts for employment
changes between two three-years average based on a survey based-data at the firm-level. In this
regard, it would be interesting to use panel data to study the relationship between eco-innovation
and employment in a longer period. Third, we only analyze Spanish manufacturing and service firms.
Thus, an empirical replication of the research for other European countries could be of particular
interest to study considering the different sector specialization at national level and emissions and
pollution rates at sectoral level. Finally, the availability of more recent data for Spanish firms could
enable to analyze the effect of the recent crisis. We hope to have the opportunity to further research to
disentangle all these questions.

In this paper, we have also shown that similar factors can foster eco-innovation and employment,
being eco-innovative and creating employment are compatible for firms. In other words, there
are some synergies between both of them at the micro-level. Nevertheless, the consequences of
environmental technological changes must also be considered at the macro-level. Since environmental
problems and policy regulation are different depending on the sector or contextual framework, this will
require significant research attention across different sectors and countries. “Policies (environmental)
should be assessed on a sector-by-sector basis, depending on the abatement opportunities available
and the level of competition the sector is exposed to” [76] (p. 4). Stricter regulation may decrease
employment growth in pollution-intensive industry whereas nurturing more service-oriented industry
or environmental business may be a key to employment. Depending on the nature of innovation
(process or product innovation) and the reasons for their performance (end of pipe regulation, cleaner
technologies or new products), the impact on employment at the macro-level is not a simple build-up
of effects at the micro and sectoral levels. Indirect effects such as higher costs or substitution of labor by
capital can reduce or at less modify the final combination of multiple processes at the firm level. In this
sense, public authorities should implement mechanisms to boost environmental innovation to achieve
a more sustainable economy, not only in ecological terms, but also in terms of employment generation,
taking into account the heterogeneous characteristics of the firms, sectors, regions and countries. In this
regard, policy makers should continue to incentivize green capabilities at the firm level, but considering
the labor consequences of innovative processes at the micro-, meso- and macroeconomic levels.
Governments should establish sound financial support to foster cooperation in innovation processes
with external agents to develop innovations that can to link knowledge management processes,
human resources practices and environmental management systems. This change could enhance
competitiveness and productivity. In this sense, this public support should be vertically oriented
and directed to eco-innovators involved in employment generation. This proposal would follow the
recommendation of the European Commission for growth toward the 2020 horizon. Smart growth
(fostering knowledge, innovation, education and a digital society), sustainable growth (making EU
production greener and more resource efficient while boosting competitiveness), and inclusive growth
(enhancing labor market participation, skills acquisition, and the fight against poverty) will be possible
with a broad understanding of drivers and synergies of eco-innovation and employment dynamics.
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Appendix A

Table A1. Correlation matrix.

Eco-Innovation Size Group Age RDint (t − 1)
Public

Subsidies
(t − 1)

Export (t − 1) Internal Sources of
Knowledge (t − 1)

Vertical
External

Knowledge
Sources (t − 1)

Competitors
Knowledge

Sources (t − 1)

Other Sources
of Knowledge

(t − 1)

Institutional
Knowledge

Sources (t − 1)

Eco-innovation 1.000
Size 0.0463 *** 1.000

Group 0.1048 *** 0.3667 *** 1.000
Age 0.0863 *** 0.1985 *** 0.1074 *** 1.000

RDint (t − 1) 0.1599 *** −0.0905 *** −0.0083 −0.0951 *** 1.000
Public subsidies (t − 1) 0.3237 *** −0.0254 *** 0.0605 *** −0.0066 0.3122 *** 1.000

Export (t − 1) 0.2222 *** −0.0394 *** 0.1331 *** 0.1139 *** 0.0468 *** 0.1970 *** 1.000
Internal sources of knowledge (t − 1) 0.1912 *** 0.0643 *** 0.0980 *** 0.0213 *** 0.1133 *** 0.1413 *** 0.0952 *** 1.000

Vertical external knowledge sources (t − 1) 0.1711 *** 0.0216 *** 0.0091 0.0114 0.0890 *** 0.1298 *** 0.0805 *** 0.2135 *** 1.000
Competitors knowledge sources (t − 1) 0.1030 *** −0.0099 *** 0.0055 0.041 0.0774 *** 0.0916 *** 0.0606 *** 0.0955 *** 0.3161 *** 1.000

Other sources of knowledge (t − 1) 0.1206 *** 0.0087 *** 0.0170 0.0157 0.1055 *** 0.1518 *** 0.0226 *** 0.0418 *** 0.1447 *** 0.1718 *** 1.000
Institutional knowledge sources (t − 1) 0.1615 *** −0.0140 *** 0.0157 −0.0350 *** 0.2004 *** 0.2620 *** 0.0516 *** 0.0960 *** 0.0767 *** 0.0499 *** 0.2377 *** 1.000

*** p < 0.01.
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Table A2. Drivers of eco-innovation and employment growth by type of innovation.

Process Innovation Product Innovation

Eco-Innovation Employment Eco-Innovation Employment

Eco-innovation
0.0209 ** 0.00906
(0.00939) (0.00940)

Size
0.0919 *** 0.0983 *** 0.1363 *** 0.0753 ***
(0.0188) (0.0188) (0.0203) (0.0164)

Group 0.0228 −0.0344 ** 0.0121 −0.0375 ***
(0.0164) (0.0146) (0.0167) (0.0128)

Age 0.0008 ** −0.00172 ** 0.0010 ** −0.00118 **
(0.0035) (0.000674) (0.0004) (0.000497)

RDint (t − 1)
3.69 × 10−6 *** 3.96 × 10−7 * 2.47 × 10−6 *** 4.07 × 10−7 **
(5.45 × 10−7) (2.08 × 10−7) (4.67 × 10−7) (1.76 × 10−7)

Public subsidies (t − 1)
0.0818 *** 0.00593 0.0875 *** 0.00782
(0.1626) (0.00975) (0.0159) (0.00939)

Export (t − 1) 0.0196 0.0487 *** 0.0382 * 0.0327 **
(0.0189) (0.0150) (0.0199) (0.0157)

Internal sources of knowledge (t − 1) 0.0801 *** −0.00553 0.0585 *** −0.00177
(0.0157) (0.0116) (0.0163) (0.0105)

Vertical external knowledge sources (t − 1) 0.0986 *** 0.0178 0.0802 *** 0.0184 *
(0.1584) (0.0113) (0.0160) (0.0109)

Competitors knowledge sources (t − 1) 0.0317 0.00295 0.0465 ** −0.0100
(0.0234) (0.0129) (0.0227) (0.0162)

Other external sources of knowledge (t − 1) 0.0803 *** −0.00325 0.0769 *** −0.00974
(0.0246) (0.0121) (0.0247) (0.0118)

Institutional knowledge sources (t − 1) 0.1049 *** 0.000166 0.0679 *** 0.00489
(0.0251) (0.0137) (0.0239) (0.0133)

Low-tech manuf. 1 0.0920 *** 0.0214 0.0936 *** 0.0200
(0.0353) (0.0194) (0.0342) (0.0162)

Medium-tech manuf. 1 0.1134 *** 0.0200 0.1088 *** 0.0194
(0.0328) (0.0192) (0.0311) (0.0158)

KIS 1 −0.2414 *** 0.0246 −0.2213 *** −0.00143
(0.03612) (0.0219) (0.0342) (0.0199)

Low-KIS 1 −0.1039 *** −0.0433 * −0.0387 −0.0378 *
(0.0349) (0.0244) (0.0339) (0.0216)

Observations

3842 3842 3814 3814
LR chi2 = 589.99 F test = 2.88 LR chi2 = 487.48 F test = 2.33

Prob > chi2 = 0.000 Prob > F = 0.000 Prob > chi2 = 0.000 Prob > F = 0.000
Log likelihood = −2368.3 Log likelihood = −2394.3

1 Reference category: High-Tech sectors; * p < 0.10; ** p < 0.05; *** p < 0.01.
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