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Abstract: This study seeks to explore the relationship between active environmental activities and
energy saving in firms operating in a set of Transition countries. For this purpose, we exploit
the enterprise survey data collected by the European Bank for Reconstruction and Development
(EBRD), the European Investment Bank (EIB) and the World Bank Group (WBG). Employing a probit
regression model, the main finding shows a positive relation between environmental practices and
energy saving, controlling several firms’ characteristics such as size, affiliation, credit line, ownership
status and age. The results are also confirmed when we perform the robustness check. Interestingly,
medium and small firms appear to save more energy than large ones.

Keywords: industrial energy saving; Transition economies; active environmental practices; manufac-
turing sector

1. Introduction

In this paper, we highlight the role of the adoption of environmental practices to save
energy in manufacturing firms operating in a set of Transition countries. We focus on the
manufacturing industry since it is energy-intensive (it is responsible for 24% of final energy
consumption [1] (data refer to 2018)).

In recent years, the study of energy saving, or energy conservation, has gained par-
ticular attention among scholars both for the adoption of environmental policies and for
the implementation of industrial strategies with the objective of stopping climate change
and saving the planet. As a result of COVID-19, energy use, measured by the energy
intensity, was reduced by 5.8% during the year 2020. Despite this improvement, global
energy-related CO2 emissions have remained high [2]. This is below the level required
to meet the global climate and sustainability goals of the Energy Efficiency Directive
2012/27/EU as supplemented by Directive 2018/2002. Both directives are designed to
mitigate climate change.

The importance of curbing emission and helping the industry to a green transition is
underlined by the fact that in 2019 the European Commission published the ‘European
Green Deal’. The aim of this plan is to promote a series of measures to make production
more sustainable and less harmful to the environment with the stopping of net greenhouse
gas emissions by 2050. In other words, the idea is to support SMEs to invest in environ-
mentally friendly technologies facilitating industry involving practical innovation actions
to drive enterprises to become more energy efficient.

Therefore, implementing energy saving and using green and innovative technologies
in different sectors are key elements to save the environment. In this context, companies
that voluntarily adopt green activities to reduce their effect on the environment deserve
peculiar attention since they can be considered as adding value to firms [3]. These voluntary
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green activities by which firms reduce their negative effect on the environment [4–7] are
a relevant topic to explore since proactive firms’ activities could have a positive effect on
energy saving.

The literature on this topic is extensive and heterogeneous. Some papers investigate
determinants of energy-saving [8–10], others focus on internal organizational factors such
as energy-saving activities [11,12], environmental strategies [6,7], and voluntary energy pro-
grams [13,14]; and some more examine external factors such as institutional policies [4,15,16]
and the role played by stakeholders, customers, and suppliers [17].

Moreover, while existing literature explores the different environmental activities that
firms can implement to reduce their impact on industrialized economies [7,18–20] and on
some developing countries [21–24], the Transition countries are less analyzed [25,26]. These
countries have been moving from a planned to a market economy [27–29] (although we
base our analysis on a traditional definition of transition economies [27–29], this concept
has evolved over time. In particular, Besley et al. [30] provided a new definition of a
‘transition concept’ that redefines the role of institutions and considers the qualitative rather
than quantitative transition aspects. In other words, it is necessary to focus on achieving
well-functioning markets) since the fall of the communist regime. At the beginning of this
process, almost all countries were characterized by very intensive energy use, especially in
the industrial sector. During the transition process, energy use is decreased since market
reforms mitigate problems such as resource misallocation and price distortions [31]. This
reduction, which differs across countries and transition areas, may be also due to other
determinants, such as a decrease in production and a collapse in economic activity [32].

Most of the studies on energy saving of firms in these countries are based on case
studies, while a lack of empirical evidence emerges when attention is paid to the relation-
ship between firms’ environmental activities and energy saving. Therefore, this paper
makes contributions to this strand of literature to check: (i) the relationship between vol-
untary environmental practices and energy saving in a sample of firms of 28 Transition
countries during the period 2018–2020 and (ii) the role played by firms’ size and firms’ age.
Specifically, we enrich this stream investigating the role of a set of environmental active
practices on energy saving. Whereas most of the empirical literature investigates energy
saving employing the stochastic frontier model [32–34] or the DEA approach [35,36], in
this paper, given the nature of the variable that captures energy saving, we use a probit
regression model. Therefore, energy saving is the dependent variable, and four environ-
mental practices are the main explanatory variables of interest. Other control variables are
included in the analysis to account for other factors that are likely to affect firms’ energy
saving such as firms’ characteristics and geographical areas. The main findings show that
environmental activities and, in particular, environmental strategies impact positively on a
firm’s decision to save energy. Furthermore, results also highlight that the environmental
positive effect on energy saving is greater for younger and smaller firms with respect to
older and bigger ones.

The paper is structured as follows. Section 2 focuses on the literature review. Section 3
describes material and methods. Section 4 discusses both the results of the baseline model
and those obtained from the robustness check. Finally, the last section concludes and
summarizes the article.

2. Literature Review

Firms are gradually beginning to incorporate energy-saving actions into their busi-
ness strategy since the financial cost of energy-saving programs may be not considered
a strong barrier that could be reducing their competitiveness [37]. Specifically, firms can
adopt different practices “ . . . to reduce pollution, minimize the use of resources, increase
efficiency, and material reuse“ [38] (p. 277). Some activities known as active or proactive
are designed to transform processes and technologies and adopt more friendly resources
to reduce the environmental impact [7]. Other activities defined as passive are conceived
to modify the entire production with no structural change, and they are often required by
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external factors such as the market and the institution context [3,39]. So far, the role played
by environmental activities in the energy saving literature has not been extensively covered.
Most of the research in the environmental field has mainly explored the determinants that
affect firms to implement energy saving in industrialized countries [8–10,40–45].

Other works have investigated firms’ energy saving in specific developing countries
such as India [46], China [47,48], Bangladesh [49,50], Indonesia [51], and Thailand [52], or
in a sample of developing countries [53,54]. Only a few studies have focused on energy
saving measures adopted by firms localized in a set of Transition economies [32] or in
a single Transition country [55,56]. For instance, Hochman and Timilsina [55] using a
logit model investigate the energy saving in Ukrainian companies in both commercial and
manufacturing sectors. In their study, the authors emphasize the need to implement a
targeted economic policy in the commercial sector since this sector invests less in energy-
efficient technologies due to the absence of regulation. Considering a set of Transition
economies and some OECD European countries, Carvalho [32], using a stochastic frontier
model, has measured the electricity consumption efficiency in both industrial sector and
households during the period 1994–2007. This work shows that differences in efficient use
of electricity are found in groups of countries where market economy reforms were not
complete; on the contrary, convergence behavior is evident among Western economies and
groups of transition countries except for Balkan and Far East countries.

A more recent analysis on Slovenian manufacturing SMEs [56] reveals the most rele-
vant determinants that affect energy saving by comparing past and present decisions. In
particular, this study points out that cost reductions related to past investments and energy
savings connected to future investments are the main drivers, while financial resources are
limited in companies willing to adopt energy saving measures.

Overall, despite the fact a significant amount of the literature has examined determi-
nants that affect firms to implement energy saving, only a few papers have focused on
environmental activities to reduce environmental impact [7,38] and to save energy [10].
Traditionally, these studies have been conducted for companies in industrialized countries
such as Danish [57] and Swedish firms [58], and for firms localized in China [4], Japan [11],
and the Republic of Korea [12]. All these works underline the key role played by the top
managers to support energy saving, especially for SMEs. Yet, other works highlight that
firms can introduce, into their strategies, environmental objectives to: (i) change the produc-
tive process; (ii) decrease production costs; (iii) reduce environmental impact [7,20]; and (iv)
prevent pollution [6,12]. The results arising from the strategies that consider environmental
aspects depend on several specific contexts. For instance, using a semi-structured interview
for Spanish firms (70% are SMEs), Muñoz-Villamizar et al. [7] show that in 2016 only a
few enterprises employed environmental strategic activities within their organizations,
while the majority of firms mainly adopted operational activities (i.e., recycling, waste
reduction, and remanufacturing). In a more recent study, Do and Nguyen [59], exploiting
firms’ data collected during the year 2019 in Vietnam, found that the adoption of proactive
environmental strategies improves energy consumption and minimizes waste. They also
show that larger firms are more engaged to implement environmental strategies than small
ones. Other studies analyze voluntary energy programs, such as energy audit and long-
term agreements, to explain the companies’ choices to save energy [13,60]. Energy audits
are considered a relevant measure for a firm to establish its energy saving potential [61]
and energy consumption [62]. For instance, Gordic et al. [63] show that in a Serbian car
manufacturer, energy audit adoption has reduced total energy consumption.

Energy audits are also recognized as an instrument to overcome barriers to energy
efficiency in the sector of Swedish SMEs [60]. In a recent study focusing on German firms,
Schubert et al. [62] show that energy audits directly affect not only the implementation of
energy efficiency measures but also increase the probability to obtain financial support,
which in turn increases their adoption. In addition, other studies focus on proactive
measures achievable using renewable sources, investments in green products, and cleaner
production processes [64,65]. In this regard, literature shows that despite the fact this use
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is far from uniform across industry, sector, and countries, renewable energy is part of the
driving force to save energy [66]. For example, using a semi-structured interview, the
work of Alayòn et al. [67] shows that manufacturing firms in Sweden save energy and
that most of them produce renewable energy from waste incineration. Notwithstanding
this wide literature, the existing research is limited to analyzing the determinants of
industrial energy saving or some specific management activities. Evidence of the role of
active environmental activities that specifically improve energy saving in firms operating
in Transition countries remains unexplored. In these countries, market liberalization
improved energy intensity [68]. In addition, energy saving policy has changed in Transition
economies industry since the reform packages have given an incentive for the more efficient
use of energy through government policies, price signals, and improved management
practices [32] (p. 559). Therefore, the aim of this study is to help bridge this gap through
the examination of firms operating in a set of 28 Transition countries.

3. Materials and Methods
3.1. Data Description and Variables

To explore the impact of a firm’s environmental practices on the adoption of energy
saving improvement measures, we exploit firm-level data collected by the World Bank’s
Enterprise Surveys (hereinafter ES) with the European Bank for Reconstruction and De-
velopment (EBRD), the European Investment Bank (EIB), and the World Bank Group
(WBG). Surveys have been carried out on a sample of firms designated by following a
stratified random sample approach, specifically, the stratification levels used are: (i) region,
(ii) sector, and (iii) firm dimension, providing information on firms operating in private
sector (the population of study consists of firms in manufacturing, construction, services,
transportation, warehousing, communications, and IT, as classified by ISIC Group Revision
3.1). In particular, the surveys provide details on: (i) innovation behavior of firms; (ii)
innovative activities, organizational practices, management, and employees; and (iii) other
general information on firms. The last survey presents an additional section related to the
environment aspects that allow us to observe the role of a set of environmental practices on
energy saving measures adopted by manufacturing firms in Transition countries. It is based
on data from about 15,246 firms located in 28 countries of Eastern Europe and Central
Asia (Table A1, in Appendix A contains the list of countries included in our analysis) (data
on other transition countries such as Turkmenistan, Cambodia, China, Laos, Vietnam,
and Botswana were not available). To identify the Transition economies, we combine the
FMI [28] and the World Bank [29] classifications. Our dependent variable is energy saving
measures, and we construct a dummy variable equal to 1 if the firm has implemented
at least one of the following measures: (i) more climate-friendly energy generation on
site, (ii) energy management, (iii) improvements to lighting systems, and (iv) heating and
cooling improvements. The main explanatory variables of interest are a set of environmen-
tal activities that may influence the adoption by the firms of measures for energy saving.
Specifically, we consider whether the firm: (i) has a manager responsible for environmental
issues; (ii) has strategic objectives that include environmental or climate change aspects; (iii)
uses energy from its own renewable sources; and, finally, (iv) has performed an external
audit of its energy consumption.

Several control variables are added in the analysis to account for other factors that
affect firms’ energy saving actions. To investigate the impact of firm’s ownership on
the decision to implement energy saving measures, we include two variables: a dummy
variable taking a value equal to 1 if the firm has female owners, 0 otherwise, and a variable
that defines the degree of ownership concentration in family hands. The age of the firm is
computed as the difference between the year in which the survey was conducted and the
year in which the firm started business. Other characteristics have also been considered:
(i) size, a categorial variable that is equal to 1 for small firms (5–19 employees), 2 for
medium firms (20–99 employees), and 3 for large firms (more than 100 employees); (ii)
the geographical dimension of markets; and (iii) whether the firm belongs to a group of
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firms (taking the value of 1) or it is an independent economic entity (taking 0). We also
employ a sector variable; firms are aggregated according to the level of their technological
intensity (high, medium, and low-tech) using the Eurostat classification based on NACE
Rev. 2 at 2-digit level. Then, these transition countries are subdivided into categories
to consider their geographical location and level integration in EU market [69]. From a
purely geographical point of view, we group the countries into four regions: (i) European
Former-USSR Countries, (ii) Former Yugoslavian Countries and Albania, (iii) Eurasian
Former-USSR Countries, and (iv) Central European countries [70,71]. Finally, to classify
countries by their degree of integration into the EU market, we use a categorial variable
equal to 1 for companies operating in a country that does not join the EU, 2 for companies
based in countries that belong to the EU, and 3 for firms located in EU candidate countries.
Table 1 contains the description of variables to account for factors that could affect the
adoption of energy-efficient measures from firms. Table 2 reports the descriptive statistics.

Table 1. Description of variables.

Variable Description

Energy saving 1 if a firm, in the last three years, has adopted an energy saving
measure, 0 otherwise

Environmental Manager 1 if a firm has a manager responsible for environmental and
climate change issues, 0 otherwise

Renewable Sources 1 if a firm uses energy from its own renewable sources, 0
otherwise

Environmental objectives 1 if a firm has strategic objectives that mention environmental or
climate change issues, 0 otherwise

Energy Consumption Audit 1 if a firm has completed an external audit of its energy
consumption, 0 otherwise

Multi-implant 1 if a firm is a part of a multi-establishment, 0 otherwise
Owner Percentage held by largest owner or owners

Firm’s Age Difference between the current year and the year the firm
registers to start the business activity

Female Ownership 1 if a firm has female owners, 0 if firm ownership is exclusively
male

Credit line 1 if a firm, in the fiscal year, has a line of credit or a loan from a
financial institution, 0 otherwise

Firm Size
Small Firm 1 if a firm has ≤ 19 employees

Medium Firm 2 if a firm has ≥ 20 and ≤ 99
Large firm 3 if a firm has ≥ 100

Industry Sector
Low Tech 1 if a firm is a part of low-tech sector

Medium Tech 2 if a firm is a part of medium tech sector
High Tech 3 if a firm is a part of high-tech sector

European Union
1 for EU Countries

2 for Candidate EU Countries
3 for non-EU Countries

Country Regions
European Former-USSR Countries 1 for European Former-USSR Countries

Central European Countries 2 for Central European Countries
Former Yugoslavian Countries and Albania 3 for Former Yugoslavian Countries and Albania

Eurasian Former-USSR Countries 4 for Eurasian Former-USSR Countries
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Table 2. Descriptive statistics of variables.

Variable Obs. Mean Proportion Std. Dev. Std. Err.

Energy saving 9338 0.69 0.005
Environmental

Manager 9535 0.16 0.004

Renewable Sources 9423 0.06 0.002
Environmental

objectives 9544 0.022 0.004

Energy Consumption
Audit 6233 0.30 0.006

Firm’s Age 9655 19.27 15.40
Firm Size 9749

Small 0.38 0.005
Medium 0.37 0.005

Large 0.25 0.004
Multi-implant 9749 0.09 0.003

Credit Line 9612 0.17 0.005
Owner 9481 81.7 25.15

Female Ownership 9672 0.34 0.005
Industry Sectors 9559

Low Tech 0.52 0.005
Medium Tech 0.44 0.005

High Tech 0.04 0.002
European Union 9751

Eu Countries 0.42 0.005
Candidates EU

Countries 0.05 0.002

Non-EU Countries 0.53 0.005
Country Regions 9751
Central European

Countries 0.35 0.005

Eurasian Former-
USSR Countries 0.24 0.004

Former Yugoslavian
Countries and Albania 0.11 0.003

European
Former-USSR

Countries
0.30 0.005

3.2. Empirical Strategy

The main purpose of this paper is to assess the impact of a set of environmental
voluntary activities on energy saving. Given the nature of our dependent variable, we
employ binary probit model to investigate the impact. The regression coefficients of the
probit model have effects on a cumulative normal function of the probabilities that Y = 1
(in our case, the probability that a firm adopts energy saving improvement measures). The
equation can be expressed as follows [72]:

P(Y = 1|x1, . . . , xk)
= φ(β0 + β1environmental manager
+β2renewable sources + β3envriromental objectives
+β4energy consumption audit + β5X

where φ indicates the cumulative probability distribution function of the standard normal
distribution and transforms the regression into the range (0,1). Therefore, our dependent
variable Y takes value 1 if the firm implements energy saving measures and 0 otherwise.
The environmental manager, renewable sources, environmental objectives, and energy
consumption audit constitute the set of environmental voluntary activities; they take value
1 if enterprises have adopted them and 0 otherwise. Finally, X is a vector of controls
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for firms’ characteristics. Finally, we compute the marginal effects of each explanatory
variable on the probability that the observed dependent variable is equal to 1, which is
more informative than leaving the results expressed as odds ratios or relative risks [73,74].

Then, we explore the effect of environmental practices on energy saving by considering
(i) the three size classes of firms and (ii) the firm age. Therefore, we re-run the baseline
model splitting our sample according to the size and the age of the firms. With reference
to the size class of firms, the probability of firms to adopt energy saving measures can be
expressed as follows:

P
(

Yj = 1
∣∣∣x1j, . . . , xkj)

= φ(β0j + β1jenvironmental manager
+β2jrenewable sources + β3jenvriromental objectives
+β4jenergy consumption audit + β5jX

Yj is equal to 1 if a firm of the group j (j = A, B, C) has implemented energy saving
solutions and 0 otherwise. Note that A is for small firms, B indicates medium firms, and C
stands for large firms.

While, in relation to firms’ age, the equation is defined as:

P(Yz = 1|x1z, . . . , xkz)
= φ(β0z + β1zenvironmental manager
+β2zrenewable sources + β3zenvriromental objectives
+β4zenergy consumption audit + β5zX

Yz is 1 if a firm of the group z (z = A, B) has introduced energy saving actions and 0
otherwise. In this case, A is for younger firms and B indicates older firms. To do this, we
use the statistical software for data science STATA version 14.

4. Results and Discussion
4.1. Baseline Results

This section illustrates the results of the basic specification. Table 3 collects the empir-
ical results. Table A2 in Appendix A displays the marginal effects. Specifically, Column
1 presents the findings referring to a simple model when all countries in our sample are
included. Column 2 presents the results obtained using information on the location of
firms in EU member states, EU candidate states, or non-EU countries. Column 3 shows the
results of the model that include the classification of the countries in five macro regions.

Table 3. Estimation results: energy saving and firm environmental activities.

VARIABLES (1) (2) (3)

Environmental Manager 0.103 0.107 * 0.116 *
[0.065] [0.061] [0.062]

Renewable Sources 0.247 ** 0.293 *** 0.324 ***
[0.099] [0.096] [0.095]

Environmental objectives 0.439 *** 0.435 *** 0.459 ***
[0.059] [0.055] [0.055]

Energy Consumption
Audit 0.371 *** 0.293 *** 0.271 ***

[0.051] [0.047] [0.047]
Firm’s Age 0.003 ** 0.003 * 0.003 **

[0.001] [0.001] [0.001]
Ref. Cat Small Firms

Medium Firms 0.177 *** 0.158 *** 0.157 ***
[0.046] [0.045] [0.045]

Large Firms 0.359 *** 0.275 *** 0.275 ***
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Table 3. ’Cont.

VARIABLES (1) (2) (3)

[0.058] [0.055] [0.055]
Multi-implant 0.058 0.116 0.121*

[0.074] [0.071] [0.071]
Credit Line 0.079 * 0.05 0.077*

[0.043] [0.041] [0.041]
Owner −0.002 ** −0.002 *** −0.002 ***

[0.001] [0.001] [0.001]
Female Ownership −0.002 −0.043 −0.029

[0.044] [0.042] [0.043]
Ref. Cat. Low Tech

Medium Tech −0.001 −0.019 −0.003
[0.043] [0.040] [0.040]

High Tech 0.286 ** 0.232 ** 0.252 **
[0.122] [0.116] [0.116]

Country Dummies YES
Ref. Cat. EU Countries

Candidates EU Countries −0.014
[0.090]

Non-EU Countries 0.071
[0.043]

Ref. Cat. Central European
Countries

Eurasian Former- USSR
Countries 0.297 ***

[0.057]
Former Yugoslavian

Countries and Albania 0.131 *

[0.067]
European Former-USSR

Countries 0.160 ***

[0.050]
Constant 0.584 *** 0.558 *** 0.429 ***

[0.190] [0.095] [0.097]
Observations 5688 5688 5688

Standard errors in parentheses *** p < 0.01, ** p < 0.05, * p < 0.10.

The main results confirm the relevance for businesses to adopt environmental mea-
sures to save energy. Specifically, our findings show that three of these activities, namely,
the renewable sources use, the strategic environmental objectives, and the adoption of an
external audit, are always statistically significant for the three specifications even though
they differ in magnitude; in fact, the relationship seems to be stronger for the second activity.
The positive relationship between the environmental strategies and the energy saving is
in line with the results found by Thollander and Dotzauer [13] and Do and Nguyen [59],
although in the first paper only one activity is examined, while in the second one it seems
not to be a standard combination of the main environmental activities. Furthermore, and
differently from previous studies [4,12,58] that reveal a crucial role of top management in
supporting energy-saving decisions in firms localized in developing and industrialized
countries, our findings show that the role of the environmental manager is not relevant
when we consider the fixed effect. This result probably depends on the different geo-
graphic context covered by our analysis. The environmental manager variable begins to be
significant with the other two specifications at the minimum conventional level of 10%.

Moving on to the industry sectors in which firms produce, we find that firms with
high tech activities are more energy saving with respect to low technological activities. This
is because high-tech firms use energy-efficient technologies [75], and in accordance with
the industry 4.0 paradigm, a high degree of environmental measurement occurs through
technological implementation [7].
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Regarding the size of firms, the large and medium ones have better energy saving
activities than the small ones. This finding is in accordance with the empirical research
reporting that firm size is significantly associated with energy saving since larger organiza-
tions are more proactive [12,59]. Larger firms have more financial resources to invest in
environmental measures [76]. On the contrary, it seems that for the smaller ones it is less
profitable to invest in the environment [77] due to capital constraints [78]. In this regard,
existing literature [77] at the same time suggests that these conclusions may be hasty given
that smaller firms may be more responsive due to stakeholder pressure.

Although having financial resources is necessary to spend money on environment
and energy saving [12], our results show that the firms located in Transition countries have
limited credit line or loans from a financial institution. In fact, their relationship with energy
saving is positive but weakly significant. It is inexistent when we focus on the division
among the firms localized in EU member states, EU candidate states, or non-EU countries.
Turning to the owner variable, which shows the interaction between ownership and control,
it is negatively correlated with the decision to implement energy saving compared to firms
where the degree of ownership concentration is not in the hands of one or more owners. It
follows that more concentrated ownership goes hand in hand with poorer environmental
practices [79]. In other words, when the concentration degree is high, entrepreneurs do not
have a proper understanding of the environmental protection because they do not have a
strong sense of environmental responsibility. Looking at the firm’s characteristics, the firm’s
age is positively correlated with energy saving. In this regard, considering the firm’s age as
a proxy for firm’s experience accumulated over time [80], the plausible explanation is that
the older the firms the more experience they have. In turn, this experience is used to create
new ideas mainly used to innovate the production process and to be more efficient [81].

Considering the firms localized in the different macro areas and taking the Central
European countries as a reference, we can remark that firms in Eurasian Former-USSR
Countries, Yugoslavian Countries and Albania, and in European Former-USSR Countries
exhibit a significant and positive relation with the adoption of energy saving. This result,
in contrast to our expectations, could be because firms operating in these areas implement
more voluntary and pro-environmental activities and have a higher awareness of energy
saving with respect to the firms in Central European countries, where directives and targets
are more stringent. In fact, in transition areas the application of environmental strategies is
not influenced by EU standards but rather by a form of self-regulation [26].

4.2. Robustness Check

Hereafter, one can find the robustness check results. Table 4 reports the findings for
small, medium, and large firms. The main results are confirmed when we perform this
further estimation to examine and highlight the firms’ dimension heterogeneity. Differences
are found in the value of the estimated coefficient for each environmental activity and firms’
size. In fact, the likelihood to implement energy saving is greater in large firms when we
consider that the presence of the environmental manager and the concentration degree is
low since entrepreneurs have a strong sense of environmental responsibility by relying on
managers. The effect of both environmental strategies and the adoption of an external audit
is relevant for all the firms regardless of their size, although the magnitude is higher for
small ones, while the use of renewable sources to save energy is significant only for SMEs.

As regard to the last result, small and medium firms are more dynamic and prone to
implement environmental activity to save energy with respect to large ones. This probably
depends on the fact that the medium and large firms have a low level of entrepreneurship
concentration that is negatively related to the decision to implement energy saving. On the
contrary, small firms are more dynamic with respect to medium and large ones. Interest-
ingly, our findings show that the multi-implant variable is associated positively with small
firms’ energy saving. This probably means that small firms are small group affiliations, and
they comply with the proactive environmental defined by the group. In addition, small
firms are the most efficient since they are specialized in high technology and they are the



Sustainability 2022, 14, 4031 10 of 17

youngest ones too. Finally, as obtained in the main estimation, results show that firms
located in Eurasian Former-USSR Countries are more proactive than those located in EU
countries, regardless of their size. Conversely, in European Former-USSR Countries, larger
firms are more active probably because they have changed their energy policy [32].

Table 4. Regression results for firms’ size.

Firm Size

Small Medium Large

VARIABLES (1) (2) (3) (4) (5) (6) (7) (8) (9)

Environmental Manager 0.014 0.016 0.041 −0.016 −0.031 −0.027 0.324 *** 0.320 *** 0.325 ***
[0.166] [0.156] [0.157] [0.100] [0.095] [0.095] [0.104] [0.094] [0.095]

Renewable Sources 0.422 ** 0.502 *** 0.526 *** 0.255 * 0.279 * 0.301 ** 0.125 0.184 0.226
[0.198] [0.190] [0.191] [0.149] [0.147] [0.146] [0.176] [0.165] [0.163]

Environmental
objectives 0.675 *** 0.656 *** 0.682 *** 0.466 *** 0.462 *** 0.482 *** 0.244 ** 0.265 *** 0.300 ***

[0.122] [0.115] [0.115] [0.094] [0.088] [0.089] [0.103] [0.094] [0.095]
Energy Consumption

Audit 0.402 *** 0.262 *** 0.231 *** 0.353 *** 0.277 *** 0.263 *** 0.370 *** 0.329 *** 0.317 ***

[0.091] [0.084] [0.084] [0.082] [0.075] [0.074] [0.094] [0.087] [0.088]
Firm’s Age 0.008 ** 0.008 ** 0.011 *** 0.001 0.001 0.001 0.003 0.003 0.003

[0.004] [0.003] [0.004] [0.002] [0.002] [0.002] [0.002] [0.002] [0.002]
Multi-implant 0.352 ** 0.448 *** 0.452 *** −0.076 −0.033 −0.023 0.056 0.106 0.104

[0.179] [0.169] [0.170] [0.116] [0.111] [0.112] [0.119] [0.111] [0.112]
Credit Line 0.145* 0.096 0.127* 0.109 0.083 0.104 −0.063 −0.093 −0.056

[0.075] [0.070] [0.071] [0.068] [0.065] [0.065] [0.085] [0.080] [0.081]
Owner 0.002 0.001 0 −0.003 ** −0.003 ** −0.003 ** −0.004 ** −0.005 *** −0.004 ***

[0.001] [0.001] [0.001] [0.001] [0.001] [0.001] [0.002] [0.002] [0.002]
Female Ownership 0.032 −0.044 −0.029 0.011 −0.015 −0.006 −0.016 −0.076 −0.071

[0.073] [0.069] [0.069] [0.070] [0.068] [0.068] [0.097] [0.090] [0.090]
Ref. Cat. Low Tech

Medium Tech 0.049 0.032 0.03 −0.02 −0.044 −0.025 −0.081 −0.064 −0.015
[0.069] [0.065] [0.065] [0.070] [0.065] [0.066] [0.097] [0.086] [0.086]

High Tech 0.721 *** 0.626 *** 0.644 *** 0.123 0.067 0.078 0.113 0.14 0.195
[0.246] [0.235] [0.234] [0.184] [0.174] [0.174] [0.216] [0.206] [0.207]

Country Dummies YES YES YES
Ref. Cat. EU Countries

Candidates EU
Countries 0.155 −0.004 −0.19

[0.165] [0.152] [0.152]
Non-EU Countries 0.11 0.09 0.006

[0.074] [0.071] [0.087]
Ref. Cat. Central

European Countries
Eurasian Former- USSR

Countries 0.358 *** 0.248 *** 0.339 **

[0.093] [0.094] [0.132]
Former Yugoslavian

Countries and Albania 0.166 0.102 0.116

[0.118] [0.110] [0.127]
European Former-USSR

Countries 0.124 0.185 ** 0.193 **

[0.086] [0.082] [0.098]
Constant 0.948* 0.093 −0.013 1.318 *** 0.843 *** 0.733 *** 0.817 *** 1.165 *** 0.932 ***

[0.533] [0.162] [0.167] [0.390] [0.149] [0.152] [0.251] [0.183] [0.184]
Observations 1885 1896 1896 2141 2158 2158 1565 1634 1634

Standard errors in parentheses *** p < 0.01, ** p < 0.05, * p < 0.10.

In Table 5, we report the findings distinguished for young and old firms. In general,
results of the baseline estimate are also confirmed. The four environmental activities are
consistent with firms’ energy saving. Specifically, environmental strategies and energy audit
practices appear to have a positive impact regardless of the firm’s age. This result probably
depends on the fact that the high cost of renewable sources is the most important barrier of
investment decisions for energy saving practice. Young firms may have difficulty accessing
credit lines or may have few financial resources to use for the adoption of environmental
activities. Additionally, they are too young to have an environmental manager, therefore
they prefer to implement environmental strategies and save energy with the use of auditing.
In this regard, Suk et al. [12] show that financial incentives can be essential to invest in
corporate energy saving and efficiency.
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Table 5. Regression results for firms’ age.

Young Firms Old Firms Young Firms Old Firms Young Firms Old Firms

VARIABLES (1) (2) (3) (4) (5) (6)

Environmental Manager 0.055 0.115 * 0.056 0.121 * 0.068 0.128 *
[0.176] [0.070] [0.158] [0.066] [0.159] [0.066]

Renewable Sources 0.356 0.244 ** 0.156 0.313 *** 0.182 0.345 ***
[0.255] [0.107] [0.245] [0.104] [0.244] [0.104]

Environmental objectives 0.411 *** 0.444 *** 0.399 *** 0.450 *** 0.438 *** 0.473 ***
[0.139] [0.064] [0.127] [0.061] [0.127] [0.061]

Energy Consumption Audit 0.456 *** 0.334 *** 0.312 *** 0.283 *** 0.277 *** 0.261 ***
[0.111] [0.057] [0.099] [0.053] [0.100] [0.053]

Ref. Cat Small Firms
Medium Firms 0.256 *** 0.156 *** 0.241 *** 0.136 *** 0.265 *** 0.124 **

[0.094] [0.054] [0.088] [0.052] [0.089] [0.052]
Large Firms 0.407 *** 0.361 *** 0.392 *** 0.274 *** 0.420 *** 0.262 ***

[0.139] [0.064] [0.132] [0.061] [0.131] [0.061]
Multi-implant 0.065 0.056 0.15 0.116 0.148 0.119

[0.220] [0.079] [0.200] [0.076] [0.202] [0.077]
Credit Line 0.089 0.083 * 0.019 0.062 0.057 0.089 *

[0.093] [0.048] [0.086] [0.046] [0.087] [0.046]
Owner 0.002 −0.003 *** 0.001 −0.003 *** 0.001 −0.003 ***

[0.002] [0.001] [0.002] [0.001] [0.002] [0.001]
Female Ownership 0.023 0.005 −0.117 −0.017 −0.085 −0.008

[0.095] [0.050] [0.091] [0.048] [0.091] [0.048]
Ref. Cat. Low Tech

Medium Tech 0.007 −0.003 −0.013 −0.017 −0.021 0.007
[0.089] [0.049] [0.083] [0.046] [0.083] [0.046]

High Tech 0.568* 0.245* 0.384 0.219* 0.429 0.231 *
[0.303] [0.133] [0.284] [0.127] [0.284] [0.127]

Country Dummies YES YES
Ref. Cat. EU Countries

Candidates EU Countries 0.126 −0.028
[0.256] [0.096]

No EU Countries 0.089 0.049
[0.107] [0.048]

Ref. Cat. Central European
Countries

Eurasian Former- USSR
Countries 0.327 *** 0.236 ***

[0.126] [0.067]
Former Yugoslavian Countries

and Albania 0.304 0.127*

[0.198] [0.071]
European Former-USSR

Countries 0.026 0.196 ***

[0.128] [0.055]
Constant 0.54 0.636 *** 0.287 0.688 *** 0.173 0.571 ***

[0.438] [0.210] [0.203] [0.103] [0.210] [0.104]
Observations 1246 4465 1256 4465 1256 4465

Standard errors in parentheses *** p < 0.01, ** p < 0.05, and * p < 0.10.

5. Conclusions

The purpose of this study was to investigate the effect of different environmental
practices on energy saving by examining a set of firms belonging to 28 Transition countries
by using firm-level data drawn from the World Bank Enterprise Surveys. We have employed
a probit model to observe the different effect of each environmental activity on energy
saving. We have also checked for firm-size and firm-age.

Empirical findings show that each environmental activity plays a crucial role in
saving energy, in particular the activity related to the strategic environmental objectives.
Results also underline differences across areas: firms in Eurasian Former-USSR Countries,
Yugoslavian Countries and Albania, and European Former-USSR Countries save more
energy with respect to firms in the Central European countries. The findings are also
confirmed when we perform the estimations considering the three classes of firms and the
firm age. In addition, these results suggest that (i) medium and small firms appear to save
more energy than large ones when we consider the magnitude effects; (ii) small and young
firms are more energy-efficient since they use more recent and efficient technologies. Our
paper presents some limitations mainly concerning the use of a survey carried out over
a short period, and we employ cross-sectional data. Future research could be conducted
by only one area and one sector given the specificity of firms’ characteristics. Our analysis
suggests that the policy implications that are able to speed up the implementation of energy
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saving measures in transition countries can be grouped into two categories. First, to support
energy saving, policy makers should stimulate all those initiatives whose purpose is to
increase the awareness among entrepreneurs and managers on how firms can better use
energy. Second, institutions should remove financial barriers and encourage firms to invest
in innovation or in more efficient technology. Investing in clean and green technologies
to achieve energy savings represents an asset for increasing energy efficiency, and a cost-
effective improvement. To do this, it is strategic to provide to a firm’s loans, guarantees, and
other forms of debt finance, particularly innovation-driven and technology procurement
debt finance.

To conclude, institutions play a pivotal role in overseeing new policy instruments for
energy saving and creating new energy efficiency measures, especially in countries with
companies that have a higher energy consumption. Meeting energy saving targets could
lead to the enhancement of the general competitiveness of firms, generating economic,
social, and environmental benefits as well.
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Appendix A

Table A1. Countries across macro-regions.

European Former-USSR
Countries

Former Yugoslavian
Countries and Albania

Eurasian Former-USSR
Countries Central European Countries

Belarus Albania Azerbaijan Bulgaria
Georgia Croatia Armenia Czech Republic

Lithuania Montenegro Kyrgyz Republic Romania
Estonia North Macedonia Tajikistan Slovak Republic
Latvia Bosnia and Herzegovina Uzbekistan Poland

Moldova Serbia Kazakhstan Hungary
Ukraine Slovenia
Russia Kosovo

Table A2. Marginal effect: energy saving and firm environmental activities.

VARIABLES dy/dx dy/dx dy/dx

Environmental Manager 0.025 0.028 * 0.030 *
[0.016] [0.017] [0.017]

Renewable Sources 0.061 ** 0.077 *** 0.085 ***
[0.025] [0.026] [0.025]

Environmental objectives 0.110 *** 0.118 *** 0.124 ***
[0.014] [0.015] [0.015]

Energy Consumption Audit 0.096 *** 0.083 *** 0.076 ***
[0.013] [0.013] [0.013]

Firm’s Age 0.001 ** 0.001 * 0.001 **
[0.000] [0.000] [0.000]

Ref. Cat Small Firms
Medium Firms 0.049 *** 0.046 *** 0.046 ***

[0.012] [0.013] [0.013]

https://www.enterprisesurveys.org/en/enterprisesurveys
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Table A2. Cont.

VARIABLES dy/dx dy/dx dy/dx

Large Firms 0.090 *** 0.075 *** 0.075 ***
[0.014] [0.015] [0.015]

Multi-implant 0.013 0.029 0.031
[0.019] [0.019] [0.019]

Credit Line 0.021 ** 0.015 0.022 **
[0.011] [0.011] [0.011]

Owner −0.000 ** −0.001 *** −0.001 ***
[0.000] [0.000] [0.000]

Female Ownership −0.002 −0.012 −0.008
[0.011] [0.011] [0.011]

Ref. Cat. Low Tech
Medium Tech 0 −0.005 −0.001

[0.011] [0.011] [0.011]
High Tech 0.064 *** 0.055 ** 0.059 **

[0.024] [0.026] [0.025]
Country Dummies YES

Ref. Cat. EU Countries
Candidates EU Countries −0.005

[0.025]
Non-EU Countries 0.019

[0.012]
Ref. Cat. Central European Countries

Eurasian Former- USSR Countries 0.080 ***
[0.015]

Former Yugoslavian Countries and Albania 0.034 *
[0.018]

European Former-USSR Countries 0.042 ***
[0.013]

Observations 5761 5761 5761

Standard errors in parentheses *** p < 0.01, ** p < 0.05, * p < 0.10.

Table A3. Marginal effect: energy saving and firms’ size.

Firm Size

Small Medium Large

VARIABLES dy/dx dy/dx dy/dx dy/dx dy/dx dy/dx dy/dx dy/dx dy/dx

Environmental Manager 0.009 0.012 0.02 −0.008 −0.012 −0.011 0.060 *** 0.064 *** 0.064 ***
[0.048] [0.050] [0.050] [0.026] [0.026] [0.026] [0.020] [0.019] [0.019]

Renewable Sources 0.130 ** 0.162 *** 0.168 *** 0.058 0.068 * 0.073 * 0.026 0.04 0.048
[0.058] [0.061] [0.061] [0.037] [0.039] [0.039] [0.034] [0.033] [0.033]

Environmental objectives 0.191 *** 0.205 *** 0.211 *** 0.125 *** 0.130 *** 0.135 *** 0.046 ** 0.054 *** 0.061 ***
[0.034] [0.036] [0.036] [0.024] [0.023] [0.024] [0.020] [0.019] [0.019]

Energy Consumption Audit 0.124 *** 0.092 *** 0.083 *** 0.090 *** 0.075 *** 0.071 *** 0.074 *** 0.070 *** 0.067 ***
[0.026] [0.027] [0.027] [0.021] [0.020] [0.020] [0.018] [0.018] [0.018]

Firm’s Age 0.002 ** 0.002 ** 0.003 *** 0 0 0 0 0.001 0.001
[0.001] [0.001] [0.001] [0.001] [0.001] [0.001] [0.000] [0.000] [0.000]

Multi-implant 0.110 ** 0.150 *** 0.150 *** −0.02 −0.01 −0.008 0.007 0.018 0.018
[0.052] [0.054] [0.054] [0.029] [0.030] [0.030] [0.022] [0.022] [0.022]

Credit Line 0.045 ** 0.034 0.043 * 0.030 * 0.025 0.030 * −0.014 −0.02 −0.013
[0.022] [0.022] [0.022] [0.017] [0.017] [0.017] [0.016] [0.016] [0.016]

Owner 0.001 0 0 −0.001
** −0.001 ** −0.001 ** −0.001 ** −0.001 *** −0.001

***
[0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000]

Female Ownership 0.005 −0.016 −0.012 0.003 −0.003 −0.001 −0.003 −0.016 −0.014
[0.021] [0.022] [0.022] [0.018] [0.018] [0.018] [0.018] [0.018] [0.018]

Ref. Cat. Low Tech
Medium Tech 0.015 0.011 0.01 −0.007 −0.013 −0.007 −0.016 −0.014 −0.004

[0.020] [0.021] [0.021] [0.018] [0.018] [0.018] [0.019] [0.018] [0.018]
High Tech 0.162 *** 0.155 *** 0.159 *** 0.029 0.014 0.017 0.022 0.029 0.039

[0.045] [0.048] [0.047] [0.042] [0.043] [0.043] [0.036] [0.035] [0.034]
Country Dummies YES YES YES

Ref. Cat. EU Countries
Candidates EU Countries 0.052 −0.014 −0.037

[0.051] [0.043] [0.035]
No EU Countries 0.032 0.025 0.003

[0.024] [0.019] [0.017]
Ref. Cat. Central European Countries

Eurasian Former-USSR Countries 0.108 *** 0.068 *** 0.072 ***
[0.029] [0.025] [0.027]

Former Yugoslavian Countries and Albania 0.048 0.021 0.03
[0.037] [0.029] [0.026]

European Former-USSR Countries 0.032 0.050 ** 0.042 **
[0.027] [0.022] [0.020]

Observations 1928 1928 1928 2186 2186 2186 1647 1647 1647

Standard errors in parentheses *** p < 0.01, ** p < 0.05, * p < 0.10.
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Table A4. Marginal effect: energy saving and firms’ age.

Young Firms Old Firms Young Firms Old Firms Young Firms Old Firms

VARIABLES dy/dx dy/dx dy/dx dy/dx dy/dx dy/dx

Environmental
Manager 0.018 0.027 0.017 0.030 * 0.021 0.032 *

[0.046] [0.017] [0.045] [0.017] [0.045] [0.017]
Renewable Sources 0.094 0.059 ** 0.043 0.081 *** 0.051 0.089 ***

[0.067] [0.026] [0.071] [0.027] [0.070] [0.027]
Environmental

objectives 0.104 *** 0.110 *** 0.115 *** 0.120 *** 0.125 *** 0.125 ***

[0.036] [0.016] [0.036] [0.016] [0.036] [0.016]
Energy

Consumption Audit 0.118 *** 0.087 *** 0.088 *** 0.080 *** 0.077 *** 0.074 ***

[0.028] [0.014] [0.028] [0.014] [0.028] [0.014]
Ref. Cat Small

Firms
Medium Firms 0.070 *** 0.043 *** 0.071 *** 0.040 *** 0.077 *** 0.036 **

[0.025] [0.014] [0.026] [0.015] [0.026] [0.015]
Large Firms 0.104 *** 0.090 *** 0.111 *** 0.073 *** 0.116 *** 0.070 ***

[0.033] [0.016] [0.034] [0.016] [0.033] [0.016]
Multi-implant 0.017 0.013 0.045 0.029 0.043 0.03

[0.058] [0.020] [0.058] [0.020] [0.058] [0.020]
Credit Line 0.028 0.021 * 0.01 0.017 0.02 0.024 **

[0.024] [0.012] [0.025] [0.012] [0.025] [0.012]
Owner 0 −0.001 *** 0 −0.001 *** 0 −0.001 ***

[0.000] [0.000] [0.000] [0.000] [0.000] [0.000]
Female Ownership 0.005 0 −0.033 −0.005 −0.024 −0.003

[0.025] [0.012] [0.026] [0.013] [0.026] [0.013]
Ref. Cat. Low Tech

Medium Tech 0.001 0 −0.004 −0.004 −0.006 0.001
[0.023] [0.012] [0.024] [0.012] [0.024] [0.012]

High Tech 0.132 *** 0.054 ** 0.104 * 0.049 * 0.114 ** 0.052 *
[0.049] [0.027] [0.057] [0.028] [0.054] [0.028]

Country Dummies YES YES
Ref. Cat. EU

Countries
Candidates EU

Countries 0.018 −0.007

[0.072] [0.026]
No EU Countries 0.023 0.013

[0.032] [0.013]
Ref. Cat. Central

European Countries
Eurasian

Former-USSR
Countries

0.092 *** 0.063 ***

[0.036] [0.018]
Former Yugoslavian

Countries and
Albania

0.084 0.032*

[0.055] [0.019]
European

Former-USSR
Countries

0.008 0.049 ***

[0.037] [0.015]
Observations 1272 4522 1272 4522 1272 4522

Standard errors in parentheses *** p < 0.01, ** p < 0.05, * p < 0.10.

References
1. IEA. Recommendations of the Global Commission for Urgent Action on Energy Efficiency; IEA: Paris, France, 2020; Available online:

https://www.iea.org/reports/recommendations-of-the-global-commission-for-urgentaction-on-energy-efficiency (accessed on
10 February 2022).

2. IEA. Energy Efficiency; IEA: Paris, France, 2021; Available online: https://www.iea.org/reports/energy-efficiency-2021 (accessed
on 10 February 2022).

3. Rothenberg, S.; Pil, F.; Maxwell, J. Lean, green, and the quest for superior environmental performance. Prod. Oper. Manag. 2001,
10, 228–243. [CrossRef]

4. Liu, X.; Niu, D.; Bao, C.; Suk, S.; Shishime, T. A survey study of energy saving activities of industrial companies in Taicang, China.
J. Clean. Prod. 2012, 26, 79–89. [CrossRef]

5. Gonzalez-Benito, J.; Gonzalez-Benito, O. Environmental proactivity and business performance: An empirical analysis. Omega
2005, 33, 1–15. [CrossRef]

6. Aragón-Correa, J.A.; Hurtado-Torres, N.; Sharma, S.; Víctor, J.; García-Morales, V.J. Environmental strategy and performance in
small firms: A resource-based perspective. J. Environ. Manag. 2008, 86, 88–103. [CrossRef]

7. Muñoz-Villamizar, A.; Santos, J.; Elisabeth Viles, E.; Ormazábal, M. Manufacturing and environmental practices in the Spanish
context. J. Clean. Prod. 2018, 178, 268–275. [CrossRef]

https://www.iea.org/reports/recommendations-of-the-global-commission-for-urgentaction-on-energy-efficiency
https://www.iea.org/reports/energy-efficiency-2021
http://doi.org/10.1111/j.1937-5956.2001.tb00372.x
http://doi.org/10.1016/j.jclepro.2011.12.030
http://doi.org/10.1016/j.omega.2004.03.002
http://doi.org/10.1016/j.jenvman.2006.11.022
http://doi.org/10.1016/j.jclepro.2018.01.026


Sustainability 2022, 14, 4031 15 of 17

8. Trianni, A.; Cagno, E.; Farnè, S. Barriers, drivers and decision-making process for industrial energy efficiency: A broad study
among manufacturing small and medium-sized enterprises. Appl. Energy 2016, 162, 1537–1551. [CrossRef]

9. Cooremans, C.; Schönenberger, A. Energy management: A key driver of energy efficiency investment? J. Clean. Prod. 2019,
230, 264–275. [CrossRef]

10. Haraldsson, J.; Johansson, M.T. Barriers to and Drivers for Improved Energy Efficiency in the Swedish Aluminum Industry and
Aluminum Casting Foundries. Sustainability 2019, 11, 2043. [CrossRef]

11. Liu, X.; Yamamoto, R.; Suk, S. A survey analysis of energy saving activities of industrial companies in Hyogo, Japan. J. Clean.
Prod. 2013, 66, 288–300. [CrossRef]

12. Suk, S.; Liu, X.; Sudo, K. A survey study of energy saving activities of industrial companies in the Republic of Korea. J. Clean.
Prod. 2013, 41, 301–311. [CrossRef]

13. Thollander, P.; Dotzauer, E. An energy efficiency program for Swedish industrial small and medium-sized enterprises. J. Clean.
Prod. 2010, 18, 1339–1346. [CrossRef]

14. Cornelis, E. History and prospect of voluntary agreements on industrial energy efficiency in Europe. Energy Policy 2019,
132, 567–582. [CrossRef]

15. De Groot, H.; Verhoef, E.; Nijkamp, P. Energy saving by firms: Decision-making, barriers and policies. Energy Econ. 2001,
23, 717–740. [CrossRef]

16. Zhu, Q.; Geng, Y. Drivers and barriers of extended supply chain practices for energy saving and emission reduction among
Chinese manufacturers. J. Clean. Prod. 2013, 40, 6–12. [CrossRef]

17. Martínez Leon, H.C.; Calvo-Amodio, J. Towards lean for sustainability: Understanding the interrelationships between lean and
sustainability from a system thinking perspective. J. Clean. Prod. 2017, 142, 4384–4402. [CrossRef]

18. Murillo-Luna, J.; Garces-Ayerbe, C.; Rivera-Torres, P. Barriers to the Adoption of Proactive Environmental Strategies. J. Clean.
Prod. 2011, 19, 1417–1425. [CrossRef]

19. Galvez-Martos, J.L.; Styles, D.; Schoenberger, H. Identified Best Environmental Management Practices to Improve the Energy
Performance of the Retail Trade Sector in Europe. Energy Policy 2013, 63, 982–994. [CrossRef]

20. Agudo-Valiente, J.M.; Garcés-Ayerbe, C.; Salvador-Figueras, M. Corporate Social Responsibility Drivers and Barriers according to
Managers Perception, Evidence from Spanish Firms. Sustainability 2017, 9, 1821. [CrossRef]

21. Priyadarshini, P.; Gupta, O.K. Compliance to Environmental Regulations: The Indian Context. Int. J. Bus. Econ. 2003, 2, 9–26.
22. Bux, H.; Zhang, Z.; Ahmad, N. Promoting Sustainability through Corporate Social Responsibility Implementation in the

Manufacturing Industry: An Empirical Analysis of Barriers Using the ISM-MICMAC Approach. Corp. Soc. Responsib. Environ.
Manag. 2020, 27, 1729–1748. [CrossRef]

23. Hossain, M.M.; Manzurul, A.; Hecimovic, A.; Hossain, M.A.; Lema, A.C. Contributing Barriers to Corporate Social and
Environmental Responsibility Practices in a Developing Country. Sustain. Account. Manag. Policy J. 2016, 7, 319–346. [CrossRef]

24. Goyal, P.; Kumar, D. Modeling the CSR Barriers in Manufacturing Industries. Benchmarking Int. J. 2017, 24, 1871–1890. [CrossRef]
25. Earnhart, D.H.; Khanna, M.; Lyon, T.P. Corporate Environmental Strategies in Emerging Economies. Rev. Environ. Econ. Policy

2014, 8, 164–185. [CrossRef]
26. Biscione, A.; Boccanfuso, D.; de Felice, A. Regulation and Corporate Environmental Responsibility: Evidence from a panel of

firms in Transition Economies. Appl. Econ. 2021, 53, 6286–6299. [CrossRef]
27. Lankes, H.P.; Stern, N. Capital Flows to Eastern Europe and the Former Soviet Union; EBRD Working Paper 27; February 1998.

Available online: https://bg.uek.krakow.pl/e-zasoby/siec_lokalna/Ebor/w027.pdf (accessed on 10 February 2022).
28. IMF. Transition Economies: An IMF Perspective on Progress and Prospects; IMF: 3 November 2000. Available online: https:

//www.imf.org/external/np/exr/ib/2000/110300.htm (accessed on 10 February 2022).
29. World Bank. The First Ten Years. Analysis and Lessons for Eastern Europe and the Former Soviet Union; The International Bank for

Reconstruction and Development/The World Bank: Washington, WA, USA, 2002.
30. Besley, T.; Dewatripont, M.; Guriev, S. Transition and Transition Impact; EBRD Report. 2016. Available online: https://www.lse.

ac.uk/economics/Assets/Documents/personal-pages/tim-besley/miscelanea/transition-and-transition-impact.pdf (accessed
on 10 February 2022).

31. Cornillie, J.; Fankhauser, S. The energy intensity of Transition countries. Energy Econ. 2004, 26, 283–295. [CrossRef]
32. Carvalho, A. Energy efficiency in transition economies. Econ. Transit. Inst. Change 2018, 26, 553–578. [CrossRef]
33. Filippini, M.; Hunt, L.C. Energy demand and energy efficiency in the OECD countries: A stochastic demand frontier approach.

Energy J. 2011, 32, 59–80. [CrossRef]
34. Ling, B.; Long, H. A stochastic frontier analysis of energy efficiency of China’s chemical industry. J. Clean. Prod. 2015, 87, 235–244.
35. Fidanoski, F.; Simeonovski, K.; Cvetkoska, V. Energy Efficiency in OECD Countries: A DEA Approach. Energies 2021, 14, 1185.

[CrossRef]
36. Simeonovski, K.; Kaftandzieva, T.; Brock, G. Energy Efficiency Management across EU Countries: A DEA Approach. Energy 2021,

14, 2619. [CrossRef]
37. Fawcett, T.; Rosenow, J.; Bertoldi, P. Energy efficiency obligation schemes: Their future in the EU. Energy Effic. 2019, 12, 57–71.

[CrossRef]
38. Potrich, L.; Nogueira Cortimiglia, M.; Fleith de Medeiros, J. A systemic literature review on firm-level proactive environmental

management. J. Environ. Manag. 2019, 243, 273–286. [CrossRef] [PubMed]

http://doi.org/10.1016/j.apenergy.2015.02.078
http://doi.org/10.1016/j.jclepro.2019.04.333
http://doi.org/10.3390/su11072043
http://doi.org/10.1016/j.jclepro.2013.10.011
http://doi.org/10.1016/j.jclepro.2012.10.029
http://doi.org/10.1016/j.jclepro.2010.04.020
http://doi.org/10.1016/j.enpol.2019.06.003
http://doi.org/10.1016/S0140-9883(01)00083-4
http://doi.org/10.1016/j.jclepro.2010.09.017
http://doi.org/10.1016/j.jclepro.2016.11.132
http://doi.org/10.1016/j.jclepro.2011.05.005
http://doi.org/10.1016/j.enpol.2013.08.061
http://doi.org/10.3390/su9101821
http://doi.org/10.1002/csr.1920
http://doi.org/10.1108/SAMPJ-09-2014-0056
http://doi.org/10.1108/BIJ-09-2015-0088
http://doi.org/10.1093/reep/reu001
http://doi.org/10.1080/00036846.2021.1937506
https://bg.uek.krakow.pl/e-zasoby/siec_lokalna/Ebor/w027.pdf
https://www.imf.org/external/np/exr/ib/2000/110300.htm
https://www.imf.org/external/np/exr/ib/2000/110300.htm
https://www.lse.ac.uk/economics/Assets/Documents/personal-pages/tim-besley/miscelanea/transition-and-transition-impact.pdf
https://www.lse.ac.uk/economics/Assets/Documents/personal-pages/tim-besley/miscelanea/transition-and-transition-impact.pdf
http://doi.org/10.1016/j.eneco.2004.04.015
http://doi.org/10.1111/ecot.12152
http://doi.org/10.5547/ISSN0195-6574-EJ-Vol32-No2-3
http://doi.org/10.3390/en14041185
http://doi.org/10.3390/en14092619
http://doi.org/10.1007/s12053-018-9657-1
http://doi.org/10.1016/j.jenvman.2019.04.110
http://www.ncbi.nlm.nih.gov/pubmed/31102895


Sustainability 2022, 14, 4031 16 of 17

39. Xie, X.; Zang, Z.; Qi, G. Assessing the environmental management efficiency of manufacturing sectors: Evidence from emerging
economies. J. Clean. Prod. 2016, 112, 1422–1431. [CrossRef]

40. Rohdin, P.; Thollander, P. Barriers to and Driving Forces for Energy Efficiency in the Non-Energy Intensive Manufacturing
Industry in Sweden. Energy 2006, 31, 1836–1844. [CrossRef]

41. Sardianou, E. Barriers to industrial energy efficiency investments in Greece. J. Clean. Prod. 2008, 16, 1416–1423. [CrossRef]
42. Schleich, J. Barriers to energy efficiency: A comparison across the German commercial and services sector. Ecol. Econ. 2009,

68, 2150–2159. [CrossRef]
43. Trianni, A.; Cagno, E.; Thollander, P.; Backlund, S. Barriers to industrial energy efficiency in foundries: A European comparison. J.

Clean. Prod. 2013, 40, 161–176. [CrossRef]
44. Barba-Sànchez, V.; Atienza-Sahuquillo, C. Environmental proactivity and environmental and economic performance: Evidence

from the winery sector. Susainability 2016, 8, 1014. [CrossRef]
45. Solnørdal, M.T.; Thyholdt, S.B. Drivers for energy efficiency: An empirical analysis of Norwegian manufacturing firms. Energy

Procedia 2017, 142, 2802–2808. [CrossRef]
46. Mukherjee, D.P. Barriers towards cleaner production for optimizing energy use and pollution control for foundry sector in

Howrah, India. Clean Technol. Environ. Policy 2011, 13, 111–123. [CrossRef]
47. Li, Y.; Chen, W.; Huang, D.; Luo, J.; Liu, Z.; Su, S. Energy conservation and emissions reduction strategies in foundry industry.

China Foundry 2010, 7, 392–399.
48. Zhang, M.; Wang, M.; Jin, W.; Xia-Bauer, C. Managing energy efficiency of buildings in China: A survey of energy performance

contracting (EPC) in Building sector. Energy Policy 2018, 114, 13–21. [CrossRef]
49. Hasan, A.S.M.M.; Hoq, M.T.; Thollander, P. Energy management practices in Bangladesh’s iron and steel industries. Energy

Strategy Rev. 2018, 22, 230–236. [CrossRef]
50. Hasan, A.S.M.M.; Rokonuzzaman, M.; Tuhin, R.A.; Salimullah, S.M.; Ullah, M.; Sakib, T.H.; Thollander, P. Drivers and Barriers to

Industrial Energy Efficiency in Textile Industries of Bangladesh. Energies 2019, 12, 1775. [CrossRef]
51. Soepardi, A.; Thollander, P. Analysis of Relathionships among Organizational Barriers to Energy Efficiency Improvement: A Case

Study in Indonesia’s Steel Industry. Sustainability 2018, 10, 216. [CrossRef]
52. Hasanbeigi, A.; Menke, C.; du Pont, P. Barriers to energy efficiency improvement and decision-making behavior in Thai industry.

Energy Effic. 2010, 3, 33–52. [CrossRef]
53. Cantore, N.; Calì, M.; te Velde, D.W. Does energy efficiency improve technological change and economic growth in developing

countries? Energy Policy 2016, 92, 279–285. [CrossRef]
54. Cantore, N. Factors affecting the adoption of energy efficiency in the manufacturing sector of developing countries. Energy Effic.

2017, 10, 743–752. [CrossRef]
55. Hochman, G.; Timilsina, G.R. Energy efficiency barriers in commercial and industrial firms in Ukraine: An empirical analysis.

Energy Econ. 2017, 63, 22–30. [CrossRef]
56. Hrovatin, N.; Dolsak, N.; Zoric, J. Factors impacting investments in energy efficiency and clean technologies: Empirical evidence

from Slovenian manufacturing firms. J. Clean. Prod. 2021, 127, 475–486. [CrossRef]
57. Christoffersen, L.B.; Larsen, A.; Togeby, M. Empirical analysis og energy management in Danish industry. J. Clean. Prod. 2006,

14, 516–526. [CrossRef]
58. Thollander, P.; Ottosson, M. Energy management practices in Swedish energy-intensive industries. J. Clean. Prod. 2010, 18, 1125–

1133. [CrossRef]
59. Do, B.; Nguyen, N. The Links between Proactive Environmental Strategy, Competitive Advantages and Firm Performance: An

Empirical Study in Vietnam. Sustainability 2020, 12, 4962. [CrossRef]
60. Kluczek, A.; Olszewski, P. Energy audits in industrial processes. J. Clean. Prod. 2017, 142, 3437–3453. [CrossRef]
61. Schulze, M.; Nehler, H.; Ottosson, M.; Thollander, P. Energy management in industry e a systematic review of previous findings

and an integrative conceptual framework. J. Clean. Prod. 2016, 112, 3692–3708. [CrossRef]
62. Schubert, T.; Breitschopt, B.; Plotz, P. Energy efficiency and the direct and indirect effects of energy audits and implementation

support programs in Germany. Energy Policy 2021, 157, 112468. [CrossRef]
63. Gordic, D.; Babic, M.; Jovicic, N.; Sustersic, V.N.; Koncalovic, D.; Zivcovic, D.N. Development of energy management system e

case study of Serbian car manufacturer. Energy Conversat. Manag. 2010, 51, 2783–2790. [CrossRef]
64. Weinhofer, G.; Hoffmann, V.H. Mitigatin climate change-how di corporate strategies differ? Bus. Strateg. Environ. 2010, 19, 77–89.
65. Lee, D.H. Toward the clean production of hydrogen: Competition among renewable energy sources and nuclear power. Int. J.

Hydrog. Energy 2012, 37, 15726–15735. [CrossRef]
66. Wee, H.M.; Yang, W.H.; Chou, C.W.; Padilan, M.V. Renewable energy supply chains performance, application barriers, and

strategies for further development. Renew. Sustain. Energy Rev. 2012, 16, 5451–5465. [CrossRef]
67. Alayòn, C.; Safsten, K.; Johansson, G. Conceptual sustainable production principles in practice: Do they reflect what companies

do? J. Clean. Prod. 2017, 141, 693–701. [CrossRef]
68. Nepal, R.; Jamasb, T.; Tisdell, C.A. Market-related reforms and increased energy efficiency in transition countries: Empirical

evidence. Appl. Econ. 2014, 46, 4125–4136. [CrossRef]
69. Bos, J.; van de Laar, M. Explaining Foreign Direct Investment in Central and Eastern Europe: An Extended Gravity Approach; DNB

Working Papers 008; Netherlands Central Bank, Research Department: Amsterdam, The Netherland, 2004.

http://doi.org/10.1016/j.jclepro.2015.08.006
http://doi.org/10.1016/j.energy.2005.10.010
http://doi.org/10.1016/j.jclepro.2007.08.002
http://doi.org/10.1016/j.ecolecon.2009.02.008
http://doi.org/10.1016/j.jclepro.2012.08.040
http://doi.org/10.3390/su8101014
http://doi.org/10.1016/j.egypro.2017.12.425
http://doi.org/10.1007/s10098-010-0281-9
http://doi.org/10.1016/j.enpol.2017.11.065
http://doi.org/10.1016/j.esr.2018.09.002
http://doi.org/10.3390/en12091775
http://doi.org/10.3390/su10010216
http://doi.org/10.1007/s12053-009-9056-8
http://doi.org/10.1016/j.enpol.2016.01.040
http://doi.org/10.1007/s12053-016-9474-3
http://doi.org/10.1016/j.eneco.2017.01.013
http://doi.org/10.1016/j.jclepro.2016.04.039
http://doi.org/10.1016/j.jclepro.2005.03.017
http://doi.org/10.1016/j.jclepro.2010.04.011
http://doi.org/10.3390/su12124962
http://doi.org/10.1016/j.jclepro.2016.10.123
http://doi.org/10.1016/j.jclepro.2015.06.060
http://doi.org/10.1016/j.enpol.2021.112486
http://doi.org/10.1016/j.enconman.2010.06.014
http://doi.org/10.1016/j.ijhydene.2012.04.124
http://doi.org/10.1016/j.rser.2012.06.006
http://doi.org/10.1016/j.jclepro.2016.09.079
http://doi.org/10.1080/00036846.2014.952894


Sustainability 2022, 14, 4031 17 of 17

70. Biscione, A.; Caruso, R. Military expenditures and income inequality evidence from a panel of transition countries (1990–2015).
Def. Peace Econ. 2021, 32, 46–67. [CrossRef]

71. Biscione, A.; Boccanfuso, D.; Caruso, R.; de Felice, A. The innovation gender gap in transition countries. Econ. Politica. 2021.
[CrossRef]

72. De Faria, R.; Dos Santos, A.; Amorim, D.; Cantão, R.; Da Silva, E.; Sartori, M. Probit or Logit? Which is the better model to predict
the longevity of seeds? Seed Sci. Res. 2020, 30, 49–58. [CrossRef]

73. Greene, W.H. Marginal Effects in the Bivariate Probit Model; NYU Working Paper No. EC-96-11; SSRN: New York, NY, USA, 1996.
74. Christofides, L.N.; Stengos, T.; Swidinsky, R. On the calculation of marginal effects in the bivariate probit model. Econ. Lett. 1997,

54, 203–208. [CrossRef]
75. Anglani, N.; Consoli, A.; Petrecca, G. Energy Efficiency technologies for industry and tertiary sectors: The European experience

and perspective for the future. In Proceedings of the 2008 IEEE Energy 2030 Conference, Atlanta, GA, USA, 17–18 November 2008.
76. Leonidou, L.C.; Christodoulides, P.; Kyrgidou, L.P.; Palihawadana, D. Internal drivers and performance consequences of small

firm green business strategy: The moderating role of external forces. J. Bus. Ethics 2017, 140, 585–606. [CrossRef]
77. Darnall, N.; Henriques, I.; Sadorsky, P. Adopting proactive environmental strategy: The influence of stakeholders and firm size. J.

Manag. Stud. 2010, 47, 913–1218. [CrossRef]
78. Cagno, E.; Ramirez-Portilla, A.; Trianni, A. Linking energy efficiency and innovation practices: Empirical evidence from the

foundry sector. Energy Policy 2015, 83, 240–256. [CrossRef]
79. Calza, F.; Profumo, G.; Tutore, I. Corporate ownership and Environmental proactivity. Bus. Strateg. Environ. 2014, 25, 369–389.

[CrossRef]
80. Santamaria, L.; Nieto, L.J.; Barge-Gil, A. Beyond formal R&D: Taking advantage of other sources of innovation low and medium

technology industries. Res. Policy 2009, 38, 507–517.
81. Amahalu, N. Effect of Firm Characteristics on Environmental Performance of Quoted Industrial Goods Firms in Nigeria. Int. J.

Res. Bus. Econ. Manag. 2019, 3, 1–13.

http://doi.org/10.1080/10242694.2019.1661218
http://doi.org/10.1007/s40888-021-00238-4
http://doi.org/10.1017/S0960258520000136
http://doi.org/10.1016/S0165-1765(97)00025-6
http://doi.org/10.1007/s10551-015-2670-9
http://doi.org/10.1111/j.1467-6486.2009.00873.x
http://doi.org/10.1016/j.enpol.2015.02.023
http://doi.org/10.1002/bse.1873

	Introduction 
	Literature Review 
	Materials and Methods 
	Data Description and Variables 
	Empirical Strategy 

	Results and Discussion 
	Baseline Results 
	Robustness Check 

	Conclusions 
	Appendix A
	References

