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Abstract

Although environmental innovation studies have traditionally focused on

manufacturing firms, the distinctive features of eco-innovation activities carried out

by service firms require special attention. Using the Spanish Commumity Innovation

Survey (CIS), this paper determines which are the main drivers of undertaking eco-

innovation and investigates the similarities and differences between service and

manufacturing firms within the five sub-groups of services (supplier dominated, scale

intensive physical networks, scale intensive information networks, science-based,

and others). The results confirm that the main eco-innovation triggers are similar—

technological push factor orientation (internal R&D and persistence) and firm size—

while the impact of market pull factors and public environmental legislation differ

within the services sub-groups. In addition, we find a high degree of heterogeneity

within service firms. In contrast to traditional service firms, those in the groups

involving R&D activities, information networks, and scale-intensive physical networks

exhibit intensive eco-innovation performance and show a high level of green

indicators.
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1 | INTRODUCTION

Increasingly, the differences between developed and developing

countries are becoming less tangible. Technological change differ-

ences between manufacturing and services, allied to changes in

consumption patterns, lead to service firms accounting for a high

proportion of total job generation and added value. Nowadays, service

activities account for 60–70% of GDP and 70–80% of employment in

most OECD and developing countries (see the Gallouj and Savona

(2009) review).

Despite new challenges for service firms, it is only in the last two

decades that economists became interested in examining the different

behaviour of the service sector. This is also true in the field of indus-

trial economy and, particularly, in innovation economy. Most of the

theoretical and empirical literature on innovation behaviour among

firms focuses on the manufacturing sector which has traditionally

been considered “the leader” in innovation, with service firms conse-

quently being “the laggards”, secondary innovators on a supplier tech-

nology base (Pavitt, 1984). However, these more recent academic

studies of innovation focus on analysing the variety of innovative

patterns among service firms (Cainelli, Evangelista, & Savona, 2005;

Evangelista 2000; Gallouj, Weber, Stare, & Rubalcaba, 2015;

Leiponen, 2012; Tether, 2005).

Their main empirical results highlight the fact that the nature of

innovation activities differs substantially between manufacturing and

service firms, thus discouraging any simple generalization about inno-

vation. Also, the direct adoption of traditional innovation frameworks,

which were worked out in the context of the manufacturing sector,

underestimates the innovative capacity of the service sector (Gallouj

and Savona 2009; Miozzo & Miles, 2003).

Current economies are becoming services economies, or rather,
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economies, since environmental and social concerns increasingly

aspire to more sustainable and low-carbon economies (Barbieri,

Ghisetti, Gilli, Marin, & Nicolli, 2016; Jové-Llopis & Segarra-Blasco,

2018a). A better understanding of the relationship between services

and sustainable development is increasingly necessary. However, as

del Río, Peñasco, and Romero-Jordán (2016) pointed out in their

recent review, the innovation drivers that reduce the environmental

impacts and contribute to the transition to sustainable societies are

still predominantly those of the manufacturing sector and have not, as

yet, been explored in sufficient depth for the service sector.

Since services are conventionally viewed as being immaterial and

consequently creating lower direct pressures on natural resources––

an idea recently criticised by Djellal and Gallouj (2016)––the increas-

ing proportion of services in the economy is traditionally seen as posi-

tive for its environmental performance. This, however, is not self-

evident. Unlike the manufacturing sector, service sector emissions do

not always directly impact the environment, and it can be easy to miss

the indirect effects and overestimate the sectoral difference. More-

over, many services demand a high volume of industrial inputs; while

their direct pressure may be low, it is higher when these transfers are

taken into account (EEA 2014). Consequently, from an integrated

macro-level perspective, the shift to a service economy may be less

green than might be expected (Cainelli & Mazzanti, 2013).

Considering both the central role that the service sector plays

nowadays in more developed countries and the need for a greener

growth economy, the main purpose of this study is to explore the

determinants of Spanish service and manufacturing firms having an

environmental orientation. An important challenge when studying

how innovation differs between sectors and groups relates to the high

degree of heterogeneity between the manufacturing and service sec-

tors and also within the service industry sub-groups (Camacho &

Rodriguez, 2008). We analyse both these areas of heterogeneity using

the Spanish Community Innovation Survey between 2008 and 2015.

Our results show that manufacturing firms have a higher orienta-

tion towards the environment than do service firms and that the

drivers affecting the eco-innovative orientation of firms at aggregate

level have some similarities (such as internal R&D efforts, firm size

and eco-innovation persistence). In contrast, environmental regula-

tions and cooperation play a role for manufacturing firms; service

firms seem rather to rely on market pull factors. Service activities

based on science and intensive-scale information network services

are more likely to involve eco-innovation activities, while this is less

likely in traditional service Spanish firms.

This paper contributes to the literature in several ways. First, we

study the differences between the eco-innovation drivers in the two

sectors1. As del Río et al. (2016) and Díaz-García et al. (2015) point

out in their recent literature review on eco-innovation, analysis of the

main drivers of eco-innovation in sectors other than manufacturing is

almost non-existent. Second, with this in mind, we study the

heterogeneity among service firms. Third, few papers have focused

on Southern Europe countries such as Spain, a country with both a

relatively low level of environmental regulation stringency and, as

compared to Nordic European countries, a low customer awareness

for green products. Finally, the econometric analysis in the eco-

innovation literature has mainly been based on small and cross-

sectional samples, while there has been almost no use of panel data.

We take advantage of an extensive panel database for Spanish firms

(PITEC) that allows us to examine long-term relationships between

variables and to control for non-observable heterogeneity.

The remainder of this chapter is structured as follows. Section 2

consists of a literature review. Section 3 presents the database, some

descriptive statistics and, the econometric methodology. Section 4

shows our main findings. The final section presents our conclusions

and consequent policy implications.

2 | DRIVERS OF ECO-INNOVATION
STRATEGY

This section focuses on the general innovation approach and environ-

mental issues. Before addressing what factors prompt service firms to

carry out eco-innovations, we need to clarify some aspects of innova-

tion activities in manufacturing and services at firm level. Several

authors offer evidence that innovation is well defined in the

manufacturing sector but that this cannot be transposed to the ser-

vice activities. In the first place, there is a conceptual problem, given

that the bulk of literature adopts the Schumpeter (1934) vision of

innovations as the “carrying out of new combinations”.

However, innovation in services is much more eclectic, heteroge-

neous and intangible. Consequently, many researchers are adopting a

concept of service innovation that is distinct from the traditional

Schumpeterian conception that emphasises financing, technological

profile and the material dimension. This alternative approach focuses

on process rather than product, on the participation of clients rather

than the exclusive initiative of the innovative firm, and on the intangi-

ble dimension as opposed to the material nature of Schumpeterian

innovation.

In this context, Hipp and Grupp (2005) and Pires, Sarkar, and

Carvalho (2008) argue that the nature and the implementation of

innovation differ substantially between the two sectors. From an out-

put perspective, incremental rather than radical innovation predomi-

nates in service firms. This innovation is organisational, process or

intangible, in contrast to the typical manufacturing technology innova-

tion. From an input perspective, R&D activities—internal, external or

cooperative projects—play a different role in research service pro-

viders than in other service firms. However, Rubalcaba, Gago, and

Gallego (2010) pointed out that technological and non-technological

innovation should not be considered independent, but rather reflect a

synthesis perspective. The interrelation of service and product inno-

vation supports an integrated neo-Schumpeterian approach, leading

to a broadening of the research field and new insights into how firms

might manage service innovation (Carlborg, Kindström, Kowalkowski,

1In general, the literature uses four different terms to refers innovations that reduce the

negative impact on the environment: “green”, “eco”, “environmental” and “sustainable”. In

recent years, the term "eco-innovation" has become the predominant term used by literature

(Díaz-García, González-Moreno, & Sáez-Martínez, 2015).
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2014). Finally, these contributions all agree that one of the difficulties

in establishing a typology of innovations in service firms is related to

the great heterogeneity of service activities. Consequently, the wide

diversity of services and the differences in the role played by technol-

ogy and innovation means that there is no standard and unique pat-

tern of innovation at the sectoral level.

Considering the above idiosyncrasy of innovation in services, we

believe that it is important to examine and shed more insights on the

drivers that promote environmental innovation behaviour both

between manufacturing and service firms and also within the service

sector.

Recently, it has been observed that new environmental chal-

lenges create the need to incorporate eco-innovation into firms. The

term eco-innovation refers to these innovations that reduce environ-

mental impacts but has not yet been standardised academic level—

“eco-innovation”, “green innovation”, “environmental innovation” are

all found (EIO 2013; Kemp & Pearson, 2007).2 Most of firms are not

very cognisant of this, and do not see environmental initiatives as dis-

tinct from their normal innovation process (OECD, 2008). Environ-

mental innovations differ from more general innovations in that eco-

innovations produce both economic and environmental benefits. In an

EU-funded research project titled “Measuring Eco-Innovation” (MEI),

eco-innovation was defined by Kemp and Pearson (2007) as the: “pro-

duction, assimilation or exploitation of a product, production process,

service or management or business method that is novel to the orga-

nisation (developing or adopting it) and which results, throughout its

life cycle, in a reduction of environmental risk, pollution and other

negative impacts of resources use (including energy use) compared to

relevant alternatives”.

A crucial question that scholars face is whether eco-innovations

can be treated as standard innovations, or whether there is a need for

specific management and policy approaches to foster them. Since

eco-innovation is characterised by the double externality problem,

having both R&D spillovers and environmental externality, there is a

need for both innovation and environmental public policies (Rennings,

2000).

In the past decade, a stream of studies has analysed the determi-

nants of eco-innovation among manufacturing firms from different

theoretical frameworks (for an overview of the subject see, for exam-

ple, Aykol and Leonidou (2015) and Hojnik and Ruzzier (2015)).

From the resource-based view (RBV), a firm's ability to eco-

innovate is traditionally linked to the role of resources and capabilities

and to the pool of knowledge available within the firm. At the same

time, the importance of innovation systems, the internal and external

factors and the dynamic interaction between different actors and

their influences on the innovation process is highlighted by evolution-

ary perspective (Nelson & Winter, 1982). Taking into account both

approaches, the literature has classified the drivers of eco-innovation

as internal (resources such as technological capabilities, qualified

employees or financial resources) and external factors such as a firm's

interaction with other agents through cooperation, networks and

market relations (Borghesi, Cainelli, & Mazzanti, 2015; Bossle, Dutra

de Barcellos, Vieira, & Sauvée, 2016; Demirel and Kesidou 2011;

Hofmann, Theyel, & Wood, 2012; Kieffer, Carrillo-Hermosilla, & del

Río, 2019).

In recent years, it has become widely accepted that the main ele-

ments of environmental innovation theory include the demand side,

supply side, environmental policy influences and firm-specific factors

(Horbach 2008; Zubeltzu-Jaka, Erauskin-Tolosa, & Heras-Saizarbitoria,

2018). Following these criteria, we present a vector of determinants

of eco-innovation for services that integrate into a single framework

both the drivers of innovation for services proposed by Coombs and

Miles (2000) and Gallouj and Savona (2009) and the drivers of eco-

innovation at the firm level as proposed by Horbach (2008) and

Triguero, Moreno-Mondéjar, and Davia (2013). Table 1 summarises

our analysis strategy for testing the determinants of eco-innovation in

services activities broken their four mains drivers (supply side forces,

demand side forces, institutional and political factors, and firms' indi-

vidual factors).

The main result in the recent literature on the determinants of

eco-innovation is that eco-innovations are more dependent on regula-

tion than are other innovations. This idea relies on the Porter hypothe-

sis which postulates that environmental regulation may lead to a win-

win situation, where pollution is reduced while profits are increased

(Porter & van der Linde, 1995). In this context, regulation can have a

significant influence on the direction of innovation. In the manufactur-

ing context, Veugelers (2012) for Belgium and Del Río, Peñasco, and

Romero-Jordán (2015) for Spain, identified regulation as an important

driver of eco-innovation.

TABLE 1 Determinants of eco‐innovation activities in services
industries

Supply side factors Technology push factors

Internal R&D effort

External R&D effort

R&D Cooperation

Eco‐innovation persistence

Demand side factors Market pull factors

New market

New firm

Institutional and political influences Environmental policies

Public regulation (pull)

Public subsidies (push)

Individual characteristics Firm characteristics

Firm size

Firm age

Belonging to a group

Exports status

Source: Adapted from Horbach (2008) and Triguero et al. (2013) with

permission.

2The terms eco, environmental and green innovation will be used interchangeably, indicating

each time an innovation with a lower detrimental impact on the environment.
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Regarding the impact of supply push instruments, such as subsi-

dies for eco-innovation, this is not always clear from the manufactur-

ing firm literature (De Marchi 2012; Triguero et al., 2013). When it

comes to service firms, it is expected that, since environmental regula-

tions might reduce investment uncertainty and warn firms of

resource-inefficient practices (Cainelli & Mazzanti, 2013), the more

emission-intensive sectors such as transport and trade, would be more

stimulated by regulations or public funding. In general terms, the lack

of specific and properly designed environmental regulation for the

services sector due to it being considered to have few environmental

impacts might reduce the innovation-induced effects in line with Por-

ter's arguments and might explain the low sustainable progress among

services firms (Ambec, Cohen, Elgie, & Lanoie, 2013).

Moreover, technological capabilities (investment in R&D and hav-

ing qualified employees) play an essential role in the adoption of envi-

ronmental innovation (Cainelli, De Marchi, & Grandinetti, 2015;

Horbach 2008; Mazzanti & Zoboli, 2009). Since service firms are less

likely to acquire knowledge and technology through hard sources such

as R&D, acquisition of external R&D or the incorporation of new

equipment (Segarra-Blasco, 2010), we expected that a firm's ability to

carry out eco-innovation is less likely to depend on its technological

capabilities.

Eco-innovations are characterised by a high level of uncertainty,

novelty and the need to go beyond the firm's core competences and

this implies a higher propensity for relying external sources in terms

of cooperation and search for new knowledge than does general inno-

vation. De Marchi (2012) and Triguero et al. (2013) show that cooper-

ation with public research institutes and universities becomes more

relevant for firms with environmental motivations than it does for

other innovators. In parallel, since service firms are more likely to

source knowledge and technology through relation with suppliers and

customers or cooperation with partners, external sources and cooper-

ation are expected to be an important driver for triggering an eco-

innovation strategy (Tether, 2005).

Regarding the demand side, the literature suggests that higher

consumer and stakeholder environmental conscience will be

transformed—an expected increase in future demand triggering cur-

rent investment in environmental innovation (Kammerer, 2009). How-

ever, the results of empirical studies are mixed. On the one hand,

Horbach (2008), using panel data for German firms, shows that cus-

tomer demand and public pressure are the key drivers of eco-innova-

tion. Similarly, Wagner (2008) shows that market research on green

products has a positive effect on a firm's propensity to carry out eco-

innovations on central and Nordic European countries. On the other

hand, in countries such as Spain with low environmental awareness

and low willingness to pay more for environmentally friendly prod-

ucts, a market pull effect will be very low or non-existent (Jové-Llopis

& Segarra-Blasco, 2018b).

A related thread in the literature emphasises that the lower visi-

bility of the environmental impacts of service firms as compared to

manufacturing firms might explain the low pressure from stakeholders

and, consequently, the low eco-innovation pattern (Carballo-Penela &

Castromán-Diz, 2015).

Finally, other important, but less frequently reported, drivers are

firm characteristics such as its size, age, whether it belongs to a group

or export capacity; these variables are usually identified as control

variables in the empirical studies.

There is a positive relationship with firm size (Horbach 2016;

Triguero et al., 2013), large companies tend to develop and adopt

more eco-innovations, since small firms, given their lower innovation

capabilities and financial resources, have more difficulties in eco-inno-

vating. Belonging to a multinational group may help a firm to learn

about new eco-innovation possibilities, or best practices in other

countries, quite apart from the access to capabilities and resources of

the parent company. Nevertheless, evidence on the influence of this

variable, as well as age and export variable, is still both scarce and

inconclusive (Borghesi et al., 2015; Del Río, Romero-Jordán, & Peñ-

asco, 2017; Zubeltzu-Jaka et al., 2018).

3 | DATABASE, VARIABLES AND
DESCRIPTIVE STATISTICS

3.1 | Database

The analysis is based on firm level data from the Technological Inno-

vation Panel (PITEC).3 The main advantage of this dataset is that it

contains detailed information on innovation behaviour at the firm

level, thus allowing comparison between eco-innovators and non-eco-

innovators rather than just analysing eco-innovators. It is compiled

from successive Spanish Community Innovation Survey (CIS) waves

and, as such, is characterized by its time dimension.

Our final database selection was subject to a process of filtering.

The main filters were as follows: 1) the data referred the period

2008–2015, because eco-innovation motivation questions were not

included in the survey until 2008; 2) firms from the manufacturing

and service sectors were analysed; 3) firms that reported confidential-

ity issues, mergers, employment incidents and so on were not incor-

porated in the sample.

3.2 | Some descriptive statistics

We present the descriptive statistics at the aggregate sectoral level.

Since the high degree of heterogeneity presents an important chal-

lenge, to take this into account we also employ the Camacho and

Rodriguez (2008) classification for Spanish services as adapted from

Soete and Miozzo (1989). Here, services activities are classified into

five clusters considering their high degree of heterogeneity: supplier

dominated, scale intensive physical networks, scale intensive informa-

tion networks, science-based and, other services.4

From the innovation output perspective, Table 2 shows that

manufacturing firms are more inclined to undertake technological

3More information on the dataset is available at the FECYT website: https://icono.fecyt.es/

pitec/descarga-la-base-de-datos
4See Appendix 1 for a detailed classification of service activities.
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innovations, while organisational and market innovation seem to be

quite similar at the aggregate level. From the innovation input per-

spective, the proportion of innovative firms that invest in internal or

external R&D activities is low in the service sector. However, their

investment is higher than that of manufacturing firms; this surprising

result can only be explained by the heterogeneous nature of services.

Finally, regarding eco-innovation behaviour, there are considerable

differences. Manufacturing firms have higher environmental orienta-

tion than do service firms. It should also be noted that, unlike the

industrial sector, in recent years green policies and environmental leg-

islation in the service sector has been almost non-existent, due to the

fact that they are considered to have low environmental impact and

thus almost no eco-innovative behaviour has been implemented in

the service sector. Recently however, in the European context, a long-

term strategic vision has been launched to achieve a competitive and

neutral climate economy by 2050 (European Commission 2018). This

highlights that, to achieve full implementation of this goal, a long-term

strategy for the engagement of all the sectors of the economy will be

necessary. Consequently, ambitious policies have been agreed at

European Union level to promote green practices among services sec-

tors (energy efficiency in buildings, secure and connected net mobility,

circular economy, etc.).

In short, the values reflected in the two aggregate sectors,

together with the substantial significance of the t-test, suggest that

the profile of manufacturing firms differs slightly from that of service

firms (Figure 1). In addition, these differences in the innovation indica-

tors also occur within service firms and we pay special attention to

the differences between the five clusters.

Supplier-dominated service firms and other service firms are low-

innovative and have scarcely any green behaviour. Firms in the scale-

intensive physical networks cluster are slightly more innovative than

the two previous clusters. However, they rarely apply for public funds

and register patents only occasionally. Scale-intensive information

networks firms and science-based service firms tend to carry out

more output innovations and have higher environmental awareness.

The latter firms, in particular, have intense R&D and innovation rates,

they are more frequently granted funds by public of R&D and innova-

tion support programmes, they are more inclined to enter into cooper-

ation agreements with partners, and they usually register the patents

resulting from their research. To summarise this section, although

there is a high degree of heterogeneity eco-innovation patterns, this

gap is reduced when the focus is set on science-based services and

scale-intensive information technologies.

3.3 | Econometric methodology

Given the binary character of the dependent variable (having an eco-

innovation behaviour or not), a dynamic random probit model was

specified to further account for endogeneity, by controlling for any

unobserved time-invariant heterogeneity in the model. To address

concerns of unobserved heterogeneity, we employed a random-effect

model rather than a fixed-effect one since our variables of interestT
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show little variation over time and our sample was drawn from a large

population and included data for only a few years. In addition, the

Hausman specification tests do not support the use of fixed effects.

Based on our research interest, the following equation was

estimated:

yit = β1yit − 1+β2Xit − 1+αi+εitEq. [1]

where i = 1 … N indexes the firms, t= 1 … T the years, and where

yit is a binary outcome variable that takes the value 1 if firm i states

that an eco-innovation orientation has been of high or medium impor-

tance between t and t-2. The variable yit − 1 is an indicator for eco-

innovation during the previous period and captures the previous eco-

innovation experience and (Xit) refers to the explanatory variables.

We introduce a set of independent variables that the empirical lit-

erature lists as determinants of eco-innovation orientation in captur-

ing factors related to: (1) technology-push factors, (2) market-pull

factors, (3) regulatory factors, and finally, (4) a set of firm characteris-

tics (among others, see Horbach (2008); Doran and Ryan (2016); and

Hojnik and Ruzzier (2015)).5 To mitigate the potential omitted vari-

ables bias in our econometric estimations, we also include an industry

dummy to control technological conditions and a time dummy to con-

trol macro differences over time. Finally, αi represents the time-

invariant unobserved individual effects and εit is the idiosyncratic

error term. In the regression analyses, we lag explanatory variables

one period to mitigate endogeneity problems deriving from reverse

causality.

When using dynamic random probit models, one needs to handle

the initial conditions carefully to mitigate estimator's inconsistency

and also the overestimation of the state dependence effect. The liter-

ature on nonlinear dynamic panel data models proposes various

estimation techniques to mitigate (Skrondal & Rabe-Hesketh, 2014;

Wooldridge, 2005). Specifically, Wooldridge (2005) suggests a

conditional maximum likelihood approach, where the individual effect

is assumed to depend on the initial conditions of the dependent vari-

able (yit0), and all lag values of the time-varying explanatory variables

(excluding the initial value). In practice, researchers often use a con-

strained version of the model where the lags of exogenous variables

are replaced by the time average of each exogenous variable �xi

namely:

αi = δ0 + δ1yi0 + δ2�Xi + μiEq. [2]

where �Xi represents the means of time-variant exogenous vari-

ables, yi0 pertain to the first available observation for each firm. δ1

capture the dependence of the individual effects on the initial condi-

tions. μi is assumed to be distributed N (0,σ2u ) and independently of

the explanatory variables, the initial conditions, and the idiosyncratic

error termεit.6

Substituting Equation [2] into Equation [1] gives:

y*it = β1yit−1 + β2Xit−1 + δ0 + δ1yi0 + δ2�Xi + μi + εitEq. [3]

4 | RESULTS

This section presents the principal results of the dynamic

random probit model. Table 3 gives the results the probability of

designing an eco-innovation strategy for both aggregate samples.

Then, considering the high heterogeneity within service activities,

Table 4 shows the estimations for the five services clusters proposed

in this analysis.7

To show the importance of accounting for individual effects and

handling the initial conditions problem, we report the estimation of

the dynamic random effect probit model considering the unobserved

individual heterogeneity, and assuming the initial conditions to be

exogenous (first pair of columns) from the model with individual

effects correlated with the initial conditions (second pair of columns).

The results indicate that, when the initial conditions are taken to be

exogenous, the coefficients of the lagged dependent variable are
5Appendix 2 summarises the list of variables.
6The approach considered in Eq. [2] allows the individual effects to be correlated with the

regressors. However, because of the lack of variation over time (within variation) in our

variables, we were unable to identify δ2. Consequently, we followed the strategy adopted by

Raymond, Mohnen, Palm, and Schim Van Der Loeff (2010) and assumed that the unobserved

individual effects are correlated only with the initial values of yti.

7In Appendix 3 the results of the probability of designing an eco-innovation strategy aimed at

reducing environmental impact and reducing energy consumption are also reported.
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overestimated, hence the hypothesis of exogenous initial conditions

leads to an overestimation of the degree of persistence. Although, the

estimation results of both model variants are very similar, they dem-

onstrate that taking into account the assumption of the initial condi-

tions correlated with the unobserved individual effects is important in

estimating the probability of a positive outcome (eco-innovation

behaviour).

At the aggregate level, the results of the estimation exhibit some

similarities and differences between sectors. First looking at the simi-

larities, the findings show how internal R&D efforts and firm size are

crucial for triggering eco-innovation behaviour (EI, EE) in Spanish

manufacturing and service firms.

Note also that, in both sectors, the external R&D investment is

positively correlated to reducing environmental impacts, but not to

improving energy efficiency. Moreover, after accounting for individual

effects and correctly handling the initial conditions, the empirical anal-

ysis reveals that past eco-innovation behaviour is an essential driver

of current eco-innovation status for either type of environmental

innovation strategy (EI, EE) or sector analysed. These results are con-

sistent with an empirical study of the Spanish automotive industry

carry out by Peiró-Signes and Segarra-Oña (2018). Finally, the results

also point to the existence of complementarities between reducing

environmental impacts and reducing energy consumption strategies

across Spanish manufacturing and service firms.

Regarding the differences between service and manufacturing

firms, the results highlight that the variable cooperation is positively

correlated for manufacturing firms looking at reducing environmental

impacts and has no effect on energy efficiency strategy. In contrast,

for service firms the relationships with other partners in the value

chain, such as clients or suppliers, and the support of associations or

universities do not promote a green orientation.

Other differences between manufacturing and service sectors

rely on environmental policies influences and market pull factors. In

general, regarding the effects of public policy, the literature highlights

regulations as a driver for enhancing eco-innovation strategy. In line

with other contributions in the literature, our results show that envi-

ronmental regulations matter for promoting green behaviour in

manufacturing firms (De Marchi 2012; Del Río et al., 2015; Demirel

and Kesidou 2011; Horbach, Oltra, & Belin, 2013).

However, the negligible role of regulations in service firms is not

surprising, since services are usually subject to less strict environmen-

tal regulations and economic instruments because of the perception

of services as being less environmentally harmful than material goods.

Moreover, service firms seem more closely related to market pull

proxies such as high volume of sales in products new to the market

than manufacturing are firms.

Table 4 reports the probability of designing an eco-innovation

strategy for five specific service sectors. Note that in all service clus-

ters, persistence is positively correlated with being a more sustainable

green firm. Then, starting with supplier dominated (sale and repairs,

hotels and restaurants, and health, social and community) services,

we observe the absence of eco-innovation drivers in the area of tech-

nology push factors, which is also the case for the scale-intensiveT
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information networks cluster. In contrast, environmental

regulations seem to somewhat drive supplied-dominated service

firms, indicating a reactive attitude of this group of firms towards the

environment.

For scale-intensive physical networks (trade and transport, the

most polluting services) and other services, the crucial drivers for pur-

suing an eco-innovation strategy are the investment in R&D activities

and the size of the firm, which suggest that larger firms have higher

innovation capabilities and financial resources to overcome difficulties

in eco-innovating than do smaller firms. Finally, for the science-based

cluster, the roles played by internal and external R&D are significant

for the eco-innovation strategy. Regulation, market pull factors, and

firm size are also significant.

Usually, empirical studies based on the CIS data on innovation

among services firms fail to reveal striking differences between

manufacturing and service firms. However, we found clear differences

in the effects of eco-innovation drivers between the five services

clusters considered in this paper. The most relevant economic results

regarding the eco-innovation behaviours among Spanish innovative

firms are summarised in Table 5. Several considerations apply to the

information synthetized here.

First, the drivers of eco-innovation among manufacturing and

service firms are especially oriented towards technological push

factors, while the impacts of the market pull factors and environmen-

tal public legislation differ among manufacturing and services sectors.

The propensity of Spanish firms to undertake energy efficiency

actions or reduce environmental impacts are more markedly pull-

oriented in service firms; in contrast, Spanish manufacturing firms are

more public regulation oriented.

Secondly, firm size plays a vital role in the capacity of Spanish

firms to perform eco-innovation, both in manufacturing and in

services, while others individual traits such as firm age, inter-

nationalisation capacity, or to belonging to a group show weak

effects.

Third, when we compare the five groups of service activities in

detail, the differences are remarkable. Service activities based on sci-

ence and intensive-scale information network services are more likely

to involve eco-innovation activities, while Spanish firms that operate

in traditional services activities are less inclined to engage in eco-

innovation.

Finally, a crucial dimension of the eco-innovation strategies

among Spanish firms is their high dependence on the trajectory and

their strong complementarity feedback In short, eco-innovation is

more likely to be carried out in the future, and, also, firms that carried

out energy efficiency activities are more likely to reduce their environ-

mental impacts, and vice versa.

TABLE 5 Summary of the main empirical results

Drivers

Aggregate sectors Services activities

Manufacturing Services
Supplier
dominated

Scale‐intensive
physical networks

Scale‐intensive
information networks

Science
based

Other
services

Technology push factors

Internal R&D effort +++ +++ +++ ++ +

External R&D effort ‐ +

Cooperation ++ ‐

Persistence and complementarity

Persistence +++ +++ +++ +++ +++ +++ +++

Complementarity

(EI‐EE)
+++ +++ +++

Market pull factors

Sales new market ++ +

Sales new firm

Environmental Policies influences

Regulations ++ + +++

Subsidies

Firm characteristics

Size +++ +++ +++ + +++ ++

Young

Group

Export

This table extracts the result of Tables 3 and 4 in terms of significance and sign for the drivers of eco‐innovation strategy. +++, ++, + indicate positive

significance at a 1%, 5% and 10% level, respectively. ‐ indicates negative significance at a 10% level. An empty space means no significant effect.
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5 | DISCUSSION AND CONCLUDING
REMARKS

Previous empirical studies have analysed the relationship between the

determinants that influence the uptake of eco-innovation behaviour

among manufacturing firms. However, despite the growing impor-

tance of services in current economic activity, the literature on envi-

ronmental sustainability has under-investigated service innovation. To

fill this gap, the current paper uses an extensive sample of Spanish

innovative service firms, thus contributing to the better understanding

of the similarities and the differences between manufacturing and ser-

vice firms when engaging in eco-innovation initiatives. The analysis

also pays special attention to the high degree of heterogeneity among

service firms.

Results show that manufacturing firms are more oriented towards

the environment than are service firms. However, they highlight that

the drivers affecting the probability of designing an eco-innovation

strategy among both sectors are quite moderate. The main differences

in eco-innovation behaviour appear when we split service firms into

the five previously mentioned clusters. For this case, we observe that

important dissimilarities appear both in the eco-innovative capacity of

firms and in drivers and obstacles that influence the green innovative

orientation of service firms.

At the aggregate level, the main similarities for triggering eco-

innovation behaviour are internal R&D efforts, firm size and eco-

innovation persistence. In contrast, while environmental regulations

and cooperation have a relevant role for manufacturing firms, service

firms seem to rely on market pull factors. Second, analysing the simi-

larities and dissimilarities within service activities, again past eco-

innovation behaviour is an important driver for current eco-innovation

status in all five service clusters. Internal R&D impacts in the regres-

sion (aggregate) and is found to matter for some sectors. However,

the lack of significance for supplier-dominated and scale-intensive

information networks poses questions for policy makers.

Considerable differences are also found within service clusters.

Whereas service firms belonging science-based and scale intensive

information networks clusters present intensive eco-innovation per-

formance and exhibit high green indicators, traditional service activity

firms exhibit moderate eco-innovation behaviour. Consequently, the

strengths and weaknesses of each service cluster should be consid-

ered by both policymakers and firm managers.

This paper has several implications for firms, scholars and public

policymakers. On the one hand, current economies are becoming ser-

vice economies and, at the same time, environmental and social con-

cerns for more sustainable and low-carbon economies are gaining

more attention every day. Therefore, both fields, sustainability and

services, should be tacked together and in-depth research and analysis

of the service economy is required. However, to undertake future

analysis there is a need access new data that combine both fields.

Although PITEC is a valuable data source, and one that has been

previously used in analyses of eco-innovation in Spain, it was not

specifically established to analyse environmental innovation, and

consequently variables of interest to us, such as market demand for

green products or different environmental policy instruments, are not

reported.

From the scholars' perspective, this study contributes to the

literature as it sheds light on the differences and similarities between

innovative manufacturing and service firms regarding the determi-

nants of pursing an eco-innovation strategy. This study shows a high

persistence in eco-innovation orientation which reinforces the idea

that environmental behaviour is a long-term issue based on firms

building their own capacities and creating a green culture. This path

could be explained by the existence of sunk costs, learning effects or

dynamic economies of scale. The results are of considerable interest

for any public policy targeting innovation and eco-innovation. Gov-

ernment agencies or other institutions could provide incentives to

engage in eco-innovation activities, but stability in eco-innovation

activities over time is required to produce persistent and stable eco-

innovators.
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APPENDIX 1. SECTORAL CLASSIFICATION

Sector CNAE 2009
Manufacturing industries 10-33
Services industries 45-96

Supplier dominated

Sale and repairs

Hotels and restaurants

Health, social and community services

Scale-intensive physical networks

Wholesale trade

Transport

Scale-intensive information networks

Financial Intermediation

Telecommunications

Science-based

Software

R&D

Engineering and technical services

Technical testing and analysis

Other services

Retail trade

Other transport

Post

Real estate

Renting of machinery and equipment

Other computer activities

Other business services

Movies and video

Radio and television
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APPENDIX 2. DEFINITION OF VARIABLES

Dependent variables Variable definitions

Eco-innovation

strategy

Dummy variable that takes a value equal to 1 if the firm innovation objective has a high or medium orientation towards

reducing environmental impact or energy consumption per unit produced; 0 if not

Green strategy Dummy variable that takes a value equal to 1 if the firm innovation objective has a high or medium orientation towards

reducing environmental impact; 0 if not

Energy efficiency

strategy

Dummy variable that takes a value equal to 1 if the firm innovation objective has a high or medium orientation towards

reducing energy consumption per unit produced; 0 if not

Independent variables

Policy influences

Regulation Dummy variable that takes a value equal to 1 if the firm innovation objective has a high or medium orientation towards

meet regulatory requirements; 0 if not

Subsidies Local subsidies: dummy variable that takes a value equal to 1 if the firm receives any public financial support for innovation

activities from local authorities; 0 if not

National subsidies: dummy variable that takes a value equal to 1 if the firm receives any public financial support for

innovation activities national authorities; 0 if not

EU subsidies: dummy variable that takes a value equal to 1 if the firm receives any public financial support for innovation

activities from the EU; 0 if not

Technology push factors

Internal R&D effort Expenditures in internal R&D activities per worker

External R&D effort Expenditures in external R&D activities per worker

R&D Cooperation Dummy variable that takes a value equal to 1 if the firm cooperates with other agents during the activity; 0 if not

Market-pull factors

New market % of turnover in new or improved products that were new to the market

New firm % of turnover in new or improved products that were new to the firm

Firm characteristics

Size Log of the total number of employees of the firm

Young Dummy variable that takes a value equal to 1 if the firm is less than seven years old since its creation; 0 if not

Group Dummy variable that takes a value equal to 1 if the firm belongs to a group; 0 if not

Exports Dummy variable that takes a value equal to 1 if the firm sells its product on international markets; 0 if not
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