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1 INTRODUCTION 
Driven by concerns about environmental degradation and resource depletion, a growing 

body of research has recently analyzed the barriers and facilitators of innovations that can 
correct the most detrimental patterns of production and consumption. A major literature stream 
has explicitly acknowledged the importance of studying the institutional context in order to 
obtain a better understanding of these dynamics (e.g. Hoffman, 1999), because institutions 
create incentives for firms and exert pressures on them to perform environmental innovation 
(EI) activities. Nevertheless, due to the deficiency of meticulous data, only a few studies have 
made a distinction between different types of EIs (Doran and Ryan, 2016; Ghisetti and 
Rennings, 2014; Horbach, Rammer, and Rennings, 2012; Veugelers, 2012), and most of them 
focus on pollution prevention. As a consequence, energy-efficiency innovation, a prominent 
example of EI, has been understudied in the institutional context. This paper makes 
advancements in this direction.  

The inefficient utilization of energy exhaustible sources and other scarce natural resources 
is one of the most severe barriers to a sustainable future. Energy is the dominant input of most 
industrial processes, transportation and, not ultimately, households operations (U.S. Energy 
Information Administration, 2013). Concerns for the security of supply, climatic changes and 
noxious emissions motivate the extensive efforts made so far for improving energy efficiency, 
but entire world regions and several sectors are still lagging behind in the implementation of 
energy-efficiency patterns (e.g. International Energy Agency, 2016). Consequently there is a 
need to disentangle the underlying origins of this lag.  

Energy-efficiency innovation (EEI) is the activity that leads to the necessary technological 
change (Bretschger, 2005). We define it as a brand new or significantly improved product or 
process that uses less energy inputs than alternatives. More generally, EEI is assumed to 
include invention, deployment and diffusion of technologies that provide more energy services 
for the same energy input, or the same services for less input. Energy-efficiency innovation is 
considered to be a type of eco-innovation, that is, a sub-class of environmental innovation that 
improves not only environmental but also economic performances (Huppes et al., 2008), and 
hence allows firms to face the potential dual benefit (Rennings and Rammer, 2009). As such, 
EEI activities are also driven by market-based incentives, as energy-efficient technologies and 
practices cause a reduction of operational costs i.e. market failure is not as pronounced as for 
most EIs (Newell, Jaffe, and Stavins, 1999). The link between environmental benefits and 
economic profit makes it necessary to study this type of innovation separately from other EIs.1 

The present study focuses on EEI activities at the firm level and adopts an institutional lens 
of investigation. We argue that the energy efficiency strategies of firms depend on the 
characteristics of their environment, and inspect how different institutional features shape EEI 
activities. Other studies have already emphasized the role of demand-pull and technology-push 
mechanisms for EEIs, such as energy prices, knowledge stocks and stringent standards (Popp, 
2002; Verdolini and Galeotti, 2011), but they have disregarded other regulatory, and above all, 
social features of the complex setting in which firms make decisions about energy efficiency. 

1 Admittedly, EIs can also improve economic performance by improving commercial competitiveness, as argued 
by the Porter hypothesis (Porter and van der Linde, 1995), yet to a lesser extent and with a higher degree of 
uncertainty  than  EEIs or eco-innovations (Ekins, 2010). When environmental policies are missing, it is hard for 
standard financial assessments to justify investments in other EIs (Berrone et al., 2013). 
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Additionally, we do that in a cross-country setting, which is another aspect that has been 
overlooked in the hitherto literature (Horbach, Oltra, and Belin, 2013). 

The second major contribution of the paper pertains to the distinction between product and 
process EEIs. Despite the possible interrelatedness of the activities (Bönte and Dienes, 2013), 
the two EEI types might have both different determinants and implications for companies. This 
dichotomy has been broadly analyzed in the context of EI in general (e.g. Cleff and Rennings, 
1999; Wagner, 2008). For instance, while process EI is found to add very little benefit to the 
customer and therefore receives comparatively little reward from the market (Cleff and 
Rennings, 1999), product EI is shown to require greater internal innovation capabilities and 
external knowledge sources (Horbach et al., 2013). Only a few studies have recognized the 
importance of such a distinction for EEI (see for example Horbach et al., 2012), yet only in an 
explorative way. Instead, we offer a theoretical reasoning on why differentiating EEI types is 
relevant, and how this differentiation can help to have a better understanding of the relationship 
between institutions and EEI activities.  

Third, and equally important, the paper provides a recognition and empirical treatment of 
the moderating role of the firm characteristics on the relationship between the institutional 
context and the EEI activities of the firm. The extant research has mostly failed to investigate 
to what extent different firms respond differently, in terms of EI, to the specific conditions of 
their institutional context (for the same point see Delmas and Toffel, 2004; del Río, 2009). By 
performing aggregated analyses, the obtained knowledge has too often painted a one-
dimensional picture of the subject. However, firms do not respond uniformly to the same level 
of stakeholder pressures, and corporate environmental strategies seem to vary extensively even 
within the same industrial sector and the same geographical area (Murillo-Luna, Garcés-
Ayerbe, and Rivera-Torres, 2008; Sprengel and Busch, 2011). The issue was recognized by 
Berrone et al. (2013), who carried out a detailed analysis on how different institutional 
pressures cope with different firm-level characteristics in order to explain “green chemistry” 
innovations. However, they focused on environmental innovations related to pollution 
prevention. Here, we focus instead on EEIs and study how the relationships between different 
dimensions of the institutional context and EEIs are moderated by one of its most important 
characteristics—firm size. In other words, similarly to what del Río, Romero-Jordán, and 
Peñasco (2017) study in terms of general EI, we investigate the energy-efficiency responses of 
small and medium enterprises (SMEs) and large incumbent enterprises (LEs). In this way, we 
address another literature stream and go beyond a commonly used motivation for the observed 
deficit of EEIs in SMEs, namely the “barriers to innovation” argumentation (Sorrell, Mallett, 
and Nye, 2011). We posit that, apart from experiencing higher internal or external barriers, 
SMEs are less responsive to the institutional pressures than LEs. This analysis deserves 
particular attention because of the high relevance of SMEs in the economic structure of most 
countries (del Río, 2009). 

The developed hypotheses are tested in a cross-country empirical setting using a sample of 
firms over nine European countries. The pivotal source of the firm-level data is the 2006–2008 
Community Innovation Survey, which is supplemented with country level information, 
sourced from the World Economic Forum, Google Trends, Eurostat, and the World Bank. 

2 THEORETICAL FRAMEWORK 
Different streams of literature have contributed to the development of the institutional 

theory following the seminal works of North (1990) and Scott (1995). They describe 
institutions as the “rules of the game”, i.e. structures and constraints that shape social behavior. 
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The institutional approach complements market characteristics with other formal (e.g. 
regulations and laws) and informal (e.g. social norms, public opinion, codes of behavior) 
contextual characteristics (North, 1990); thus emphasizing the importance of regulatory and 
social pressures rather than mere market institutions in order to understand economic behavior 
(Chan, Isobe, and Makino, 2008). 

The research community has recently shown increased interest in the institutional 
perspective on EI dynamics and environmental strategies in general. More particularly, the 
literature has recognized how the institutional context creates incentives and puts pressures on 
firms that result in a surge of firms’ environmental virtuous behavior (Buysse and Verbeke, 
2003). These pressures are argued to be channeled through stakeholders that have an interest 
in the matter and can exert an impact on the firms (Henriques and Sadorsky, 1999; Sharma and 
Henriques, 2005). However, two points have been overlooked in the extant literature. First, 
most of the studies have focused on pollution prevention as one type of EIs (Ghisetti and 
Rennings, 2014; Horbach et al., 2012), neglecting EEIs. Secondly, only few studies have tried 
to explain EI variations across firms looking at the interactions between the firm characteristics 
and institutional contextual conditions (Delmas and Toffel, 2010). For instance, Berrone et al. 
(2013) show that firms with a greater gap in pollution prevention are more exposed to 
institutional pressures, and that firms’ EI strongly depends on the slack in internal resources 
and the amount of valuable firm-specific assets. Levy and Rothenberg (2002), while analyzing 
climate change innovation in the global automobile industry, indicate that the institutional 
context is moderated by firm’s boundaries, i.e. each company interprets the institutions through 
a unique lens, which is shaped by the characteristics of a firm. Literature on corporate social 
responsibility (CSR), an activity influenced by contextual characteristics and pressures in a 
similar way to EI (Chatterji and Toffel, 2010), also shows that firm-level characteristics, 
particularly firm size and the number of customers (Lepoutre and Heene, 2006; Young and 
Makhija, 2014), moderate the impact of institutional pressures, as they lead to more exposure 
(Brammer and Millington, 2006).  

We argue that the same might hold for EEIs: larger firms could be more reactive to 
institutional pressures than smaller ones, as smaller businesses might strategically choose to 
operate in “stealth mode” (Chen and Hambrick, 1995) and remain “under the radar” of their 
stakeholders. This phenomenon could systematically yield fewer EEI activities in SMEs, and 
reveal that there is more to it than the “higher barriers to innovate” experienced by smaller 
firms (see Sorrell et al., 2011), at least in the EEI domain.  

2.1 Formal institutions and energy-efficiency innovation 
Formal institutions, which represent a collection of political, legal and regulatory 

characteristics of the context, are hypothesized to influence firms to introduce EEIs. 
Governmental bodies design environmental policies that span a large spectrum of environment 
conservation mechanisms (Chan et al., 2008). For instance, government expenditures, through 
subsidies, grants and public procurement measures, allow firms to increase revenues when they 
engage in EEI activities, making it attracting for firms to invest in EEIs. Governments also set 
environmental targets and standards that need to be met by the firms. Strict environmental 
regulations make investments in EEI activities necessary. Nevertheless, apart from the direct 
compliance with these targets, firms may strategically opt for EEIs that even exceed the 
standards prescribed by regulators, since “investing-up” may help them establish legitimacy 
and strengthen a long-term relationship with governments and administrations (Kassinis and 
Vafeas, 2006). In turn, clear and strict environmental standards and targets can make 
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investments in EEI activities not only necessary, but also attractive for firms. On the basis of 
the aforementioned points, we hypothesize the following:  

Hypothesis H1a: EEI activity will be higher in well-developed formal institutional 
environments. 

Notwithstanding this, meeting the requirements of stringent regulations can be a 
challenging task, and firms that fail to do so might face costly consequences (Deephouse, 
1996). The gaps of large firms in EEI will have more eye-catching consequences. Large 
firms have a larger installed capacity and make a larger use of energy. At the same time, 
their customers are more numerous and end up utilizing greater quantity of energy.  Hence, 
as key actors, they may be monitored more closely by regulators (Delmas and Toffel, 
2004). Owing to the scale of their impact, large firms are subject to potentially more radical 
sanctions, which increases their incentives to comply with regulations (Berrone et al., 
2013). Smaller firms, on the other hand, might be able to strategically shelter themselves 
from legal coercion, because the impact of their inefficient practices is not as severe. Their 
smaller scale allows them to evade governmental scrutiny more easily. Moreover, even in 
the case of government EEI subsidies that have preferential clauses for SMEs given the 
supposedly higher financial constraints they face (e.g. Beck and Demirguc-Kunt, 2006), 
large firms may still outdo SMEs, due to the possessed know-how and already well-
developed R&D activities. In other words, large firms might be more likely to react with 
EEIs to regulatory pressures as they have, on average, higher innovation capacity (Tsai and 
Liao, 2017). Overall, we derive the following hypothesis: 

Hypothesis H1b: Larger firms will engage in more EEI activities than smaller firms in 
well-developed formal institutional environments. 

2.2 Informal institutions and energy-efficiency innovation 
Informal institutions represent those characteristics of the context that are created by the 

general public, media, nongovernmental organizations (NGOs) and other focal social actors, 
which determine the so-called social norms (Scott, 1995). These implicit values and 
conventions affect human behavior within a society, pushing all the actors to behave 
accordingly (e.g. Chan and Makino, 2007). Like other environmental activities, EEI activities 
may be under extensive public scrutiny and undergo strong social pressures, due to their great 
impact on society. According to the stakeholder theory, EEIs may arise from a firm’s quest for 
legitimacy and reputation with social stakeholders (primarily citizens), i.e. assets that are 
particularly valuable in the long term (Berrone et al., 2013; DiMaggio and Powell, 1983). Firms 
can gain more from innovations if they adopt strategies that comply with the intrinsic norms 
and values of their stakeholders (Rao, Chandy, and Prabhu, 2008). Hence, we hypothesize the 
following: 

Hypothesis H2a: EEI activity will be higher in well-developed informal institutional 
environments. 

Nevertheless, in a similar way to regulatory pressures, the exposure of large firms to this 
social pressure is expected to be greater. As LEs interact with a wider set of stakeholders, they 
are forced to conduct a more thorough and deliberate assessment of the societal impacts of their 
activities (Seitanidi and Crane, 2009). On the contrary, SMEs inherently have narrower social 
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networks and a smaller customer base. Additionally, the scale of the damage that smaller firms 
can create is by definition smaller. Key social actors, such as, for instance, NGOs, will 
presumably assign priorities to putting pressure on large, more impacting firms. Based on the 
aforementioned factors, we derive the next hypothesis: 

Hypothesis H2b: Larger firms will engage in more EEI activities than smaller firms 
in well-developed informal institutional environments. 

2.3 Institutional division of labor and energy-efficiency innovation 
Apart from studying EEIs as a subset of environmental innovation, a further division into 

product (i.e. more energy-efficient product design) and process (i.e. more energy-efficient 
design of the production process) innovation can be made, according to the Oslo manual 
(OECD-Eurostat, 2005).2 Though the dynamics of process and product EEIs could partially 
coincide (Bönte and Dienes, 2013), some differences can also be expected (Gerstlberger, Praest 
Knudsen, and Stampe, 2014), particularly in the context of stakeholders pressures. Namely, 
stakeholders are characterized by bounded rationality (à la Simon, 1957), and they do not have 
infinite resources at their disposal. Accordingly, they can only exert a limited amount of 
regulatory and social pressures. In doing so, they will rely on consolidated heuristics to guide 
their behavior and will adhere to a satisfactory criterion rather than an optimal one for their 
choices (Simon, 1957). 

In that vein, the energy-efficiency content of traded products can be monitored and assessed 
relatively easily, while the comprehension and evaluation of energy uses made during internal 
production processes are much more difficult. In other words, companies could be reluctant—
for strategic reasons—to disclose information about the specific energy efficiency performance 
of a given production process, and even if they do, this information could be rather cumbersome 
and costly to understand by non-professional stakeholders. In general, information on 
production processes may be expected to be underprovided by markets, and this could lead to 
market failure (Popp, Newell, and Jaffe, 2009). Hence, it can be expected that social 
stakeholders (e.g. citizens and NGOs) will exert stronger social pressures on firms to introduce 
product EEIs. Likewise, firms might have greater incentive to introduce EEI products if the 
customers are able to recognize and appreciate them (similarly to the principal-agent problem 
mentioned by Popp et al., 2009). On the other hand, information asymmetries between 
production units and regulators are considerably lower, as the latter can have easier access to 
the needed information. In order to offset the market failure concerning process EEIs, 
regulatory bodies have scrutinized them more carefully in the past. These efforts were reflected 
in command-and-control requirements for process EEIs (such as performance standards or 
targets), while voluntary agreements, information campaigns and labeling prevailed in product 
EEI. 

Hence, while regulatory and social pressures might still be expected to have a degree of 
influence on both process and product EEI, we hypothesize that there will be an institutional 
division of labor between the stakeholders in terms of these two different types of EEIs.3 In 
particular, we posit the following: 

2 For illustrative purposes, a well-known example of product EEI is the replacement of incandescent filament light 
bulbs with Compact Fluorescent Lamps. An example of process EEI is the introduction of a pre-heating stage in 
furnaces that melt scrap metals. 
3 The institutional division of labor is frequently discussed in the political science field (e.g. Cordelli, 2012), in 
industrial organization literature (e.g. Richardson, 1972) and in economics in general (e.g. Viscusi, 1988). 
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Hypothesis H3a: Well-developed formal institutional environment will have a 
stronger impact on process than on product EEI activities. 

Hypothesis H3b: Well-developed informal institutional environment will have a 
stronger impact on product than on process EEI activities. 

3 DATA AND METHODOLOGY 
A microeconomic perspective is considered and a firm-level analysis is performed across 

different countries, i.e. across different institutional contexts. The firm-level information is 
collected from the sixth wave Community Innovation Survey (CIS-VI). The sample spans over 
the following nine Member States of the European Union (EU): Bulgaria, the Czech Republic, 
Germany, Hungary, Italy, Lithuania, Portugal, Romania and Slovakia. While we rely on the 
subset of EU countries that was present in the CIS-VI dataset with complete information on 
EEI, we believe the heterogeneity of both institutional features and energy-efficiency 
innovation activity on the national level is sufficiently large in the sample. The variety was 
accentuated by the fact that during the period of observation (2003–2008) some of the analyzed 
countries were in a transition phase, both in terms of economic and institutional development. 
These, in turn, are shown to have had an impact on the countries’ energy intensity (e.g. Chang, 
2014; Cornillie and Fankhauser, 2004), which is inherently related to EEI. 

Specifically, we used the CIS-VI edition as only the 2006–2008 survey was designed to 
extract precise information about environmental innovation activities (see, e.g., Horbach et al., 
2012; Veugelers, 2012). After eliminating observations with key missing values, a final sample 
of 22,936 was obtained, which includes non-innovative firms, firms that introduced EEIs in 
the observed period, and firms that undertook only other innovative activities.4 

3.1 Measures 

Dependent variable 

In order to study EEI activities at a firm-level, we construct two dependent dichotomous 
variables that show whether a firm introduced an innovation in the 2006–2008 period that led 
to reduced energy use per unit of output for the firm (EEIproc) or to more energy-saving 
products (goods or services) for its customers (EEIprod). Additionally, the EEI variable that 
accounts for either of the two EEI activities was built. Some authors proposed using 
information on plans to introduce EEIs in the future to avoid endogeneity (Ziegler and 
Rennings, 2004), but this could yield measurement problems due to uncertainty about firms 
actually innovating and response bias related to social desirability (Wagner, 2008).  

Explanatory variables 

The key explanatory variables are constructs of different features of the institutional 
context. To limit possible reverse causality concerns, all the institution-related variables were 
measured in the period of time immediately preceding the observed EEI timeframe, and are 

However, it should be remarked that the concept is used in rather different contexts. Our definition is closer to the 
approach that interprets institutional division of labor as a distribution of functions in the market between public, 
non-profit and profit agents (e.g. DiMaggio and Anheier, 1990).  
4 The original sample stratification was executed by Eurostat, with respect to firm sector and size (see Eurostat 
2008, Table 2). 
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averaged over time (in the range starting from 2003 or 2004, up to 2005 or 2006, depending 
on the data availability), with one exception (EnvActivism, for the reasons illustrated in the 
remaining part of the section).  

We use a number of data sources (see Table 1). The stringency of environmental regulations 
(RegStringency) as well as the clarity and stability of regulations (RegStability) are sourced 
from the World Economic Forum’s (WEF’s) Global Competitiveness Reports (GCRs).5 More 
stringent regulations can be expected to exert direct pressure on firms to introduce EEIs, 
especially in combination with regulation stability, as investments in EEIs are expected to 
result in long-term returns, and the steadiness of legal framework is a relevant factor (Allard, 
Martinez, and Williams, 2012).6 However, having rigorous and stable regulations may not be 
enough. The way these legislations are enforced and administered is another important feature. 
In order to capture the strength of the enforcement mechanism, the measure developed by the 
World Bank, named “government effectiveness” (GovEffect) is used. Furthermore, data on the 
governments’ environmental protection expenditures (GovEnvExp) are sourced from Eurostat, 
as a proxy of the governmental support for all environmental activities, including EEIs. The 
higher the level of available resources, the higher the possibilities for firms to access these 
resources, and in turn, the higher the expected EEI rate. 

The second group of institutional characteristics is related to social norms and pressures 
created by society, and we represent them using two variables. First, a measure of public 
attentiveness to environmental issues (PubAttent) is constructed following a novel but 
increasingly used approach, namely a web-crawling method, which takes advantage of the 
publicly available Search Volume Index (SVI), created by means of the Google Trends tool 
(for similar applications see Da Gbadji, Gailly, and Schwienbacher, 2015; Ripberger, 2011). 
The number of Google web searches of a given term is normalized with respect to the total 
number of Google searches performed in a country during the specified time period. The 
measure was built as a relative index, which is coherent with the relative nature of public 
attentiveness towards one specific concept. We focus on the term “environment”, translated 
into the local languages using the EuroVoc dictionary.7 Second, the strength of the mechanism 
by which the social pressures are transferred to firms (EnvActivism) is taken into account. This 
strength is proxied by the percentage of active members of voluntary organizations involved 
in conservation and the environment, as sourced from the European Value Survey (EVS) 
2008.8 We expect this variable not to be extremely volatile over time, allowing us to use the 
2008 measure without a serious risk of reverse causality. The more people in a community 
have a higher propensity for collective action in the domain of environmental issues, the more 
intense the institutional pressure they should exert (Delmas and Toffel, 2004; Eesley and 
Lenox, 2006). 

<< Insert Table 1 here >> 

                                                 
5 The concept and measures of regulation stringency are topics that have been debated frequently in recent years. 
For a discussion, see for instance Botta and Kozluk (2014). 
6 The European Commission (2013) found that fast-changing legislation and policies are some of the most severe 
barriers to  SMEs and that they discourage them from undertaking resource saving activities. 
7 The relative attentiveness towards the “environment” is calculated for the 2004–2006 period. As a robustness 
check, the same variable was constructed focusing on the “energy” term. The alternative indicator is significantly 
correlated to the original one (correlation coefficient equal to 0.407). EuroVoc is a multilingual thesaurus 
promoted by the European Union, which contains terms in 23 EU languages. 
8 EVS 2008 is a survey pertaining to human values in Europe. The variable that represents the percentage of 
people active in voluntary conservation, environment, ecology, and animal rights organizations was used.  
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In order to confirm the theoretical and intuitive coherence of the variables, and to construct 
single measures for each institutional dimension, an exploratory factor analysis (EFA) based 
on principal factor analysis with varimax rotation was used. The results (see Table 2 and the 
significance of Bartlett’s test and the KMO magnitude) confirmed the expectation and yielded 
two standardized independent variables (iReg and iSoc) that capture the regulatory and social 
background in which firms are called upon to operate, and proxy regulatory and social 
pressures that are exerted by these institutions.  

<< Insert Table 2 here >> 
Finally, considering the information contained in the CIS-VI database, firms are 

differentiated according to two major size categories, namely SMEs (with less than 250 
employees) and LEs (with more than or equal to 250 employees).  The constructed variable is 
a dichotomous one (LE), and it equals 1 for LEs and 0 for SMEs. 

Control variables 

We have firms in the sample that are active beyond the scope of national borders and firms 
that are a part of a business group, which can have significant impact on the propensity to 
introduce EEI. Hence, we control for these two firm characteristics using two binary variables 
(International and Group, respectively). Furthermore, energy price has been widely used in 
the literature as the main market-based mechanism that induces EEIs (see, among others, 
Newell et al., 1999; Popp, 2002; Verdolini and Galeotti, 2011), and we control for it in the 
model. We use electricity price to proxy energy price (EP) by taking information from the 
dataset on international industrial energy prices prepared by the UK’s Department for Business, 
Energy and Industrial Strategy, and averaging it over the 2003-2005 period. The electricity 
prices are referred to, since electricity is the most commonly used energy source in most 
households and industries. The selected proxy accounts for differences in electricity prices 
between business enterprises located in the same country but belonging to different 
consumption classes, as the electricity price varies across consumption levels within single EU 
countries. In turn, EP is an indicator that differs between small and medium, and large 
consumers in each EU country.9 We also control for the firm’s R&D intensity, namely, the 
percentage of R&D expenditures with respect to the firm’s turnover (R&D, source: CIS-VI). 
Finally, the margin for energy-efficiency improvements, and thus, for EEIs is considerably 
heterogeneous across different industries. Therefore, we control for the firm industry through 
a set of dummy variables. 

The definitions of the variables are summarized in Table 3, while their correlation and 
descriptive statistics are presented in Table 4. Table 5 reports the distribution of innovating 
firms in all EEI domains and segmented for size class across the nine countries of our sample. 

<< Insert Table 3, Table 4 and Table 5 here >> 

3.2 Model specification 
Given the dichotomous nature of the main dependent variable (EEI), we initially estimate 

univariate probit models. In order to test the third set of hypotheses, we additionally estimate 
bivariate probit models following the suggestion of Greene (2003) and Wagner (2007, 2008), 

9 We also test an alternative country-aggregate proxy of electricity price (EPCountry, sourced from Eurostat). 
The obtained results are virtually unchanged and are available upon request from the authors. 
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as the two dependent variables (EEIprod and EEIproc) are correlated. 10  Standard errors 
always allow for intra-country correlation. 

Two full models’ specifications are given by Equations (1):  
 

𝑬𝑬𝑬𝑬𝑰𝑰𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕 = 𝜶𝜶+𝜷𝜷𝟏𝟏 ∙ 𝒊𝒊𝒊𝒊𝒕𝒕𝒊𝒊 + 𝜷𝜷𝟐𝟐 ∙ 𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊 + 𝜷𝜷𝟑𝟑 ∙ 𝑳𝑳𝑬𝑬 + 𝜷𝜷𝟒𝟒 ∙ 𝒊𝒊𝒊𝒊𝒕𝒕𝒊𝒊 ∙ 𝑳𝑳𝑬𝑬 + 𝜷𝜷𝟓𝟓 ∙ 𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊 ∙ 𝑳𝑳𝑬𝑬 + 𝜷𝜷𝟔𝟔 ∙ 𝑰𝑰𝑰𝑰𝒕𝒕𝒕𝒕𝑰𝑰𝑰𝑰𝑰𝑰𝒕𝒕𝒊𝒊𝒊𝒊𝑰𝑰𝑰𝑰𝑰𝑰+

  𝜷𝜷𝟕𝟕 ∙ 𝑮𝑮𝑰𝑰𝒊𝒊𝑮𝑮𝒕𝒕 + 𝜷𝜷𝟖𝟖 ∙ 𝑬𝑬𝑬𝑬𝑰𝑰𝒊𝒊𝒊𝒊𝒕𝒕 +  𝜷𝜷𝟗𝟗 ∙ 𝒊𝒊&𝑫𝑫 + 𝜷𝜷�𝟏𝟏𝟏𝟏 ∙ 𝑫𝑫𝒊𝒊𝒕𝒕𝒊𝒊𝒕𝒕𝒊𝒊𝑰𝑰𝑫𝑫 + 𝝐𝝐, 

 

(1) 

where 𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕 captures the different typologies of EEI (product, process, either). Owing to the 
non-linear nature of the models, interaction terms introduce additional degrees of complexity 
in the interpretation of the results. Hence, we estimate the marginal effects of the two-way 
interactions in different ways (see infra), mainly following Hoetker (2007). 

4 RESULTS 

4.1 Main analysis 
Table 6 presents the main estimation results. The first column refers to the results of the 

model with direct effects only (Model 1a). Both types of institutional pressures, iReg and iSoc, 
created by formal and informal institutions respectively, appear to influence EEI activities 
positively and significantly (at 1 percent and 10 percent levels, respectively), thus supporting 
hypotheses H1a and H2a. As expected, firm size, R&D intensity and energy price all emerge 
as having a positive impact.11 As far as the results of the model that also includes the two-way 
effects (Model 1b), the baseline coefficients essentially do not change, which validates the 
model specifications. More interestingly, the interaction between formal institutions and firm 
size also emerges to have a significant impact (at 1 percent level). On the contrary, firm size 
does not appear to significantly moderate the effect of informal institutions on EEIs. Overall, 
these results suggest confirmation of H1b hypothesis and provide no evidence in support of 
the H2b hypothesis.  

<< Insert Table 6 here >> 
We also analyze the marginal effects of the two-way interaction terms. As it is not possible 

to uniquely express the marginal effect of an interacting variable in non-linear models (Buis 
2010; Ai and Norton, 2003), we estimate the effect of a moderator (i.e. firm size) visually (see 
Figure 1). Interesting results emerge – namely, the difference between the impact formal 
institutions exhibit on SMEs and LEs is observable only in relatively weak formal institutional 
environments, while the difference ceases in relatively stronger ones. On the contrary, as 
predicted by the significance level of the interaction term coefficient, informal institutions 
appear to have no different impact on SMEs and LEs in terms of EEI activity over the whole 
range.  

<< Insert Figure 1 here >> 

                                                 
10 The bivariate probit model is a more appropriate choice than a multinomial logit model, because the two 
outcomes, i.e. product and process EEIs, cannot be assumed to be independent. However, as a robustness check, 
a multinomial logit model, similar to that of Rehfeld, Rennings, and Ziegler (2007) was run, and comparable 
results were obtained.   
11  The coefficients of industry dummies are in line with expectations: they are positive for manufacturing 
industries with more energy intensive processes and products, while they are negative for services industries, 
although they are mostly statistically non-significant (p-value is greater than 0.2). 
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The remaining four columns in Table 6 show the estimation results of the bivariate probit 
models with direct effects only (Models 2a and 2b) and when the two-way effects are added 
(Models 3a and 3b). As far as regulatory pressures are concerned, the results show that they 
significantly drive both product and process EEI. Moreover, Wald test yields no statistically 
significant difference between the impacts of the formal institutions on the two types of EEI 
(Prob>chi2=0.4825). Even though the impact of regulatory pressures on process EEI is 
undeniable (and more so on large firms, see Figure 2), the obtained result does not provide 
support for hypothesis H3a. On the other hand, as we hypothesized (H3b), social pressures 
appear to predominantly influence product EEI. Coefficient of informal institutions is 
statistically significant (at 1 percent level) only in the product EEI model and non-significant 
in the process EEI one. Moreover, a Wald test confirms a statistically significant difference 
between the two coefficients (Prob>chi2=0.0057).  

<< Insert Figure 2 here >> 
Additionally, we carry out a simulation analysis to gain further insights into the effect the 

institutional pressures have on the different types of EEIs, while keeping the control variables 
at their mean values. After fixing the value of one institutional variable to its minimum and 
maximum, the other institutional variable was varied. The institutional pressures are confirmed 
to be complementary to each other (and not substitutive), because EEI activities (and more 
particularly, product EEI activities) reach the maximum probability only under the hypothetical 
scenario in which both institutional pressures are set to their maximum value – EEI probability 
takes on a value of 0.60 (and 0.52 for product EEI). Finally, under this hypothetical scenario, 
EEI (as well as product EEI) probability is considerably higher for LEs (0.76 and 0.61 for 
product EEE) than for SMEs (0.57 and 0.51 for product EEI).  

4.2 Robustness checks and additional evidence 
We performed several tests on the reliability of these findings. All results are available in 

detail upon request from the authors. First, the potential multicollinearity of the main 
independent variables was checked by running a Variance Inflation Factor (VIF) test. The 
resulting mean VIF value is fairly low (1.18), thus confirming that the analysis has not been 
hindered statistically in the proposed model specification. We also checked in three ways 
whether the observed results are driven by differences in the overall level of innovativeness or 
development between the included countries. We regressed explanatory variables on a 
dichotomous innovation variable, I, set equal to 1 if a firm introduced any type of innovation 
in the time window under consideration, and the coefficients of the institutional variables 
resulted to be not highly statistically significant. This finding further supports the rationale that 
the institutional dimensions under scrutiny are not a generic indication of a country’s progress, 
but that they are specifically relevant for EEIs. In this line of investigation, we also inserted as 
a further independent variable the covariate PI, which represents the percentage of firms that 
introduced any type of innovation (that is, not only EEI) in the same timeframe, in the same 
industry, country and size class of the focal firm. The results were found to be largely 
unaffected by the insertion of this variable, that is, the findings on the role of institutions and 
firm size on EEI activities are not driven by specific unobserved and uncontrolled 
characteristics of the technological regime on which firms are called to operate (del Río et al., 
2015). Moreover, the analysis was repeated excluding each country at a time, one by one, and 
the results emerged to be consistent. In this way, the possibility of the results being dominated 
by one of the sample countries has been ruled out.  

Furthermore, we repeated the full analysis on a subsample of firms that did not include 
internationally active companies and firms that are a part of a business group, in order to isolate 
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the effect of national institutional environment, which we are able to capture. Most findings 
are robust to the sample restriction, while pressures created by social stakeholders on process 
EEI become more statistically significant. A possible explanation could be that the exclusively 
national firms may not be as capable of evading the local pressures as the internationally active 
ones (and the firms that are a part of a business group). 

Finally, we performed a sensitivity analysis on the LE variable. The firms were re-classified 
into three groups, namely small enterprises (SEs, with less than 50 employees), medium 
enterprises (MEs, with between 50 and 249 employees), and large enterprises (LEs, with more 
than or a number equal to 250 employees). We found the results (exposed in Table 7) to be 
generally coherent and robust. Moreover, based on these findings, we confirm that MEs react 
more closely to LEs to both regulatory and social pressures.  

<< Insert Table 7 here >> 
We also followed the recommendations of Hoetker (2007) on the analysis of marginal 

effects of interaction effects in probit models. Specifically, we first run an Allison’s test 
(Allison, 1999), which yields to be negative. Thus, we performed the procedure suggested by 
Ai and Norton (2003), who provided an alternative technique to calculate the marginal effects 
of an interaction term in non-linear models. The results are found to be coherent with the 
findings reported in the main analysis. 

5 DISCUSSION AND CONCLUSIONS 
This study establishes a link between several literature streams—institutional theories of 

corporate strategies, environmental innovation and energy efficiency—and uses the hybrid 
approach to discover whether and to what extent different characteristics of the institutional 
context can influence a firm’s propensity to introduce EEIs. In this way, firm size has been 
taken into consideration as a possible moderating factor of the relationship between institutions 
and EEIs, and different EEI types have been distinguished, i.e. product vs. process. The results 
of the empirical analysis confirm that institutional pressures are relevant for EEI activities, and 
large firms are on average relatively more sensitive to regulatory pressures while not to social 
pressures. More interestingly, further differences between types of institutional pressures arise 
when a distinction between product and process EEIs is made. On the one hand, social 
stakeholders seem to be more successful in putting pressure on firms to introduce product EEIs. 
Several arguments support this idea. First, the increasing attentiveness towards environmental 
issues is creating a demand-pull mechanism for more energy efficient products, as the 
customers that will potentially consume them are part of that community. Second, the 
community is creating pressures on firms to be more environment-friendly, and firms are 
inclined to comply with the community’s opinion in order to earn its legitimacy (Reid and 
Toffel, 2009). The fact that social pressures are not able to influence process EEIs, particularly 
for the incumbent firms, may be also due to institutional strategies that the firms can use to 
shield themselves from the pressures of external stakeholders (Smink, Hekkert, and Negro, 
2015). On the contrary, we find that regulatory stakeholders appear to be capable of exerting 
pressures on firms to introduce innovations in the energy efficiency of both products and 
production processes. Their impact on large firms (when compared to the smaller ones) is even 
more prominent. This can be explained by the fact that European governments have only 
recently started to adopt a combined vertical approach by targeting EEIs in small and medium 
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firms (Trianni and Cagno, 2012),12 which are the economic actors that usually suffer from 
higher constraints. Nonetheless, this effect disappears once the formal institutions become 
highly developed. 

Our study has several limitations that remain to be addressed in future research. First, the 
sample could be enlarged to cover a larger set of countries, and in particular developing ones. 
Their inclusion would increase the variance of the institutional context in the analysis, and 
could make the findings more robust. Second, due to anonymous nature of CIS-VI data, it is 
currently not possible to delve deeper into the firm size variable and study micro-level factors 
in more detail. This avenue would be able to provide interesting insights related to the other 
firm-level variables that could be relevant for EEI. Third, the present analysis is not able to 
take into account that some of the firms are active internationally due to data limits found in 
the CIS-VI dataset. This issue is a caveat, but also represents an opportunity for future research, 
which could highlight the influence of multiple institutional contexts at the same time. Finally, 
it has been necessary to use cross-sectional data in the analyses, and this has made it impossible 
to capture the temporal dynamics of the relationship between institutions and EEI activities. In 
particular, it has not been possible to account for the potentially different initial energy-
efficiency conditions of firms. Although there is no reason to believe this would substantially 
change the findings, a panel data structure would enable this aspect to be examined explicitly. 

Despite these unavoidable data limitations, we believe that our study offers insights into 
the general domain of the stakeholder theory and the natural environment, and proposes a 
possible explanation that could help reconcile the mixed results of the studies in the field. In 
fact, some analyses (e.g. Murillo-Luna et al., 2008; Sprengel and Busch, 2011) have suggested 
that firms adopt their corporate environmental strategies on the basis of the overall level of 
pressure they perceive, while they are not very concerned with identifying the source of these 
pressures; others instead have pointed out that the typologies of pressure matter (e.g. Berrone 
et al., 2013; Sharma and Henriques, 2005). Our theoretical reasoning and the acquired 
empirical evidence show that a reconciling view is possible as long as different types of eco-
innovations are considered. In other words, our analysis is compatible with a more nuanced 
picture in which firms tailor their corporate environmental behavior according to the overall 
pressure they perceive, but then differentiate the direction of the planned innovative effort 
towards those types of eco-innovations (e.g. product vs. process) in which the pressure is more 
stringent. These findings are more pronounced for large firms, implying that their managers 
carefully analyze the source of pressures, and act accordingly. Similarly to the work of Berrone 
et al. (2013), our findings thus suggest that institutional pressures, as they create incentives for 
eco-innovative activities, may also influence allocation of internal resources into R&D and 
development of unique know-how, which may be leveraged by the organization in other 
activities as well (Porter and van der Linde, 1995). 

Our findings also add to the dialogue on the power and effectiveness of governments to 
promote more sustainable activities, and in turn, more resource-efficient outcomes. First, we 
show that the efforts of regulators are more effective for large firms. Hence, energy-efficiency 
innovation policies should be rebalanced towards EEIs in smaller firms (Costa-Campi, García-
Quevedo, and Segarra, 2015; Trianni and Cagno, 2012). Simultaneously, governments could 
enhance the monitoring of energy-efficiency in SMEs, also thanks to technological 
developments (for instance, by means of smart metering). Second, policymakers should be 
aware of the fact that, in some cases, remedies have to go beyond classical policies. Voluntary 

12 The International Energy Agency (2014) states that data collection related to energy consumption by SMEs is 
not a generalized practice and that no underlying legislation for mandatory reporting exists in many countries, 
despite the  great contribution of SMEs to the total energy consumption.  
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agreements of industries toward energy-efficient products already leverage society’s 
stewardship, but the degree to which public policies can combine with and support citizens’ 
attention and activism is the subject of a wide debate (e.g. Doh and Guay, 2006; Sprengel and 
Busch, 2011), which still has to be fully developed with respect to EEIs. However, in principle, 
the need to complement the reduced degree of social pressure on process EEIs perceived by 
firms with policy actions could take on several forms, ranging from soft instruments (e.g. 
promotional campaigns, information and voluntary programs) to more structured ones, such as 
financial incentives for consumer purchases, income tax credits or deductions of products 
created by more energy-efficient processes (Gillingham, Newell, and Palmer, 2006). 
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TABLES 
Table 1. Description of the variables that characterize the institutional context. 

 
 
Table 2. Output of the exploratory factor analysis (orthogonal varimax rotated factor matrix) of the items used to 
construct the relevant institutional context for energy-efficiency innovation. 
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Table 3. Description of the variables used in the econometric analysis. 

 
 
Table 4. Correlation matrix of the variables used in the econometric analysis. 
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Table 5. Percentages of firms that introduced (product, process of one of the two) EEIs in each country, broken down 
into two firm size classes (SMEs and LEs). 
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Table 6. Results of the bivariate and univariate probit models (1–3). 
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Table 7. Results of the bivariate probit model with a refined measure of firm size.  
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FIGURES 
 
Figure 1. Marginal effects of regulatory (iReg) and social (iSoc) institutional pressures on the probability of energy-
efficiency innovation (EEI) in SMEs and LEs.  
Notes: All other variables are kept at their mean value; 90% Pointwise Confidence Intervals (CIs) are presented; Weak refers 
to the minimum value, while Strong refers to the maximum value of the variable. 

 
 
 
Figure 2. Marginal effects of regulatory (iReg) and social (iSoc) institutional pressures on the probability of product 
(EEIprod) and process (EEIproc) energy-efficiency innovation in SMEs and LEs.  
Notes: All other variables are kept at their mean value; 90% Pointwise Confidence Intervals (CIs) are presented; Weak refers 
to the minimum value, while Strong refers to the maximum value of the variable. 
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