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ABSTRACT
This study examines causality relation between the quality of
national institutional frameworks designed to ensure higher
energy efficiency and the distance to the achievement of the EU
Commission targets in terms of energy consumption, using a
panel of 21 EU member states. Through panel unit root tests and
an estimated VAR model, our results reveal that the quality of a
nation’s institutional and economic energy efficiency framework
does not significantly influence the gap between annual energy
consumption and related EU targets, as prescribed by the energy
efficiency EU Directives. However, the results show a bi-directional
causality relationship suggests that the nation’s institutional
framework on energy efficiency should be improved. According
to the impulse response function, this relationship is more related
to a short-run perspective. Hence, a strong correlation exists
between the level of achieving the reduction targets on energy
consumption and the level of gas emissions. Our findings further
reveal that the level of reported GHCs significantly influences
national regulations and strategies for gas emission reductions.
This research highlights the importance of each EU member state
creating an appropriate legislative and institutional framework
that promotes energy efficiency.
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1. Introduction

Climate change and the intensification of extreme weather events present a global
challenge, with a considerable impact on both people and the environment, and on
the economy itself. On the one hand, effective policies and procedures are needed to
reduce greenhouse gas emissions and to improve energy security through measures
intended to limit energy import dependence outside the European Union. On the
other hand, strategies are needed to adapt to the effects of already visible and inevit-
able climate change (EEA, 2016).
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Over time, at the European Union level, measures have been adopted to ensure
sustainable development, but the reality shows that more is needed to reduce the vul-
nerability of societies to climate change (Renna & Materi, 2021; RENA, 2019).
Ensuring energy efficiency is thus one of the main objectives to be achieved by EU
member states and is placed at the heart of the strategy elaborated to limit the effects
of climate change. Directive 2012/27/EU established that by 2020, primary energy
consumption should be reduced among member states by 20%. Over time, primary
energy consumption has fluctuated, being influenced by economic conditions, the cli-
mate, or the level of implementation of energy efficiency measures by each state. In
2019, the primary energy consumption decreased, exceeding the imposed target by
3%. In 2020, the crisis generated by the novel coronavirus has triggered another glo-
bal decline in energy consumption, which can be attributed to the measures taken to
limit the spread of COVID-19. In this situation where the economy has not become
more energy-efficient, the declines will not be sustained, as energy consumption may
increase later due to the economic recovery.

However, decision-makers have proposed more ambitious targets to be achieved
by 2030, namely, reducing energy consumption by 32.5% (European Commission,
2018), a decrease of 55% of greenhouse gases, and transforming Europe into the first
climate-neutral continent by 2050 (European Commission, 2021). Nevertheless, the
transition to a greener, more circular, and digital European economy is not easy. The
challenge is how benefits can be distributed to all as equitably as possible while
strengthening competitiveness, creating new jobs, and effectively addressing the costs
and impact of the transition through an effective legislative framework and coher-
ent strategies.

The main objective of our paper is to evaluate the causal relationship between the
quality of national institutional frameworks designed to ensure higher energy effi-
ciency and the distance to the achievement of the EU Commission targets. In this
context, the focus of our paper is related to: (i) national institutional approaches, spe-
cifically on energy efficiency; (ii) linking the achievement of SDG 7 with energy effi-
ciency through European directives that set targets in the field; (iii) causal analysis to
identify the implications of public policies or mechanisms for stimulating and moni-
toring energy efficiency; and (iv) an alternative approach to the common method for
analyzing the nexus between economic growth and energy consumption.

The proposed research is structured in five sections. Thus, this first section high-
lights the preliminary aspects of the undertaken scientific approach, while the second
section finds corresponding examples in the literature analysis. The next two sections
present the research methodology, including the results obtained and their discussion,
respectively. Finally, the fifth section draws the final conclusions of our research.

2. Study background

The environmental problems facing the entire planet are largely the result of over
exploitation of natural resources. Europe’s economy is based on a continuous flow of
natural resources and materials. This dependence, complemented by imports, can be
a vulnerability, given that the global competition for natural resources is intensifying.
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Thus, to mitigate the impact of climate change and contribute to sustainable devel-
opment, creating at the same time a green economy framework, the EU imposes tar-
gets for their member states to reduce energy consumption and increase energy
efficiency (Adua et al., 2021). Hence, energy efficiency is a global priority with par-
ticular interest for both decision-makers and researchers that are trying to identify
efficient ways to use energy wisely. The aim is to reduce the costs related to energy
production, transport, and consumption, improve government policies, and achieve
the proposed EU objectives (Sineviciene et al., 2017). However, improving energy effi-
ciency is not an easy process because to formulate effective environmental policies, it
is first necessary to identify the determinants of environmental degradation (Chou &
Zhang, 2020; Sarfraz et al., 2018).

Breuer et al. (2019) noted that achieving SDG targets, including SDG 7, which
refers to affordable and clean energy objectives, requires a systemic approach that can
be translated into a set of policies to ensure all stakeholders and decision-makers
have coherent action plans. A similar approach has been underlined by Knopf et al.
(2013) to discuss the need and opportunity to reform the European energy system. It
emphasizes the positive impact of strategies to improve energy efficiency and, at the
same time, promotes the identification and use of renewable energy sources. In this
regard, member state governments have an essential role as the responsible entity for
issuing and implementing national policies to lead all efforts in one direction: a sig-
nificant increase in energy efficiency at the national level. This objective is even more
important to achieve as the EU members are subject to clearly defined national-level
targets in terms of energy efficiency for the 2030 perspective. Those targets are for-
mally approved by the EU energy Directive 2012/27/EU, modified by EU energy
Directive (UE) 2018/2002, which is already planned to be replaced by a new directive,
currently under discussion, which will define the targets for 2050. So far, EU member
states appear to be complying with the imposed targets, acting as global benchmarks
in terms of energy efficiency (Shehzad et al., 2020; Wang et al., 2019). Other non-
European countries, such as China and India, have high energy production but do
not consider the negative effects of CO2 emissions; the US, by comparison, has a
higher level of energy productivity and better control over carbon emissions (Sarfraz
et al., 2021; Wang et al., 2017).

However, there is the little discussion related to national institutional factors when
discussing the main drivers of energy efficiency, as researchers tend to focus on eco-
nomic factors such as economic development, economic growth, dynamics of popula-
tion, investments, financing, human capital, or energy prices (Acaravci & Ozturk,
2010; Edziah et al., 2021; Wang et al., 2019), and are mainly oriented toward analyz-
ing manufacturing firms (Renna & Materi, 2021; Schulze et al., 2016; Solnørdal &
Foss, 2018). All those studies have a common finding that discussions around the
topic of energy efficiency are always related to the environmental impact of energy
consumption (Uribe-Toril et al., 2019).

Therefore, the analysis of the impact of national institutional factors on energy
efficiency seems to be neglected. To our knowledge, some recent papers have
addressed this topic by conducting empirical analysis (Apergis & Gar�cı a, 2019;
Lyulyov et al., 2021; Sineviciene et al., 2017; Zangheri et al., 2019). However, those
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studies have not referred to national institutional factors describing the specific insti-
tutional frameworks that provide direct information on energy efficiency but instead
provide national-level descriptive indicators in general. Our analysis is designed so
that relevant information about national energy frameworks is analyzed, with a focus
on those that impact the achievement of EU 2030 energy consumption targets, con-
sidering as reference information the RISE country indicators that assess a set of
essential aspects of each national energy efficiency framework. Therefore, our study
will test the following research hypothesis states that the quality of a nation’s energy
efficiency institutional framework significantly influences the distance between annual
energy consumption and related EU targets.

3. Research methodology

3.1. Data and variables definition

For this study purpose—namely, to assess the relation of causality between the quality
of national institutional frameworks designed to ensure higher energy efficiency and
the distance to the achievement of the EU Commission targets in terms of energy
consumption—we have considered for analysis the period 2010–2019, limited to the
period for which there are available data about the RISE composite index. Therefore,
the data used in our analysis is directly focused on the matter of energy efficiency
and is not biased by different calculation methods. There are analyzed 21 EU mem-
bers, respectively: Austria, Belgium, Bulgaria, Croatia, Czech Republic, Denmark,
Finland, France, Germany, Greece, Hungary, Ireland, Italy, Netherlands, Poland,
Portugal, Romania, Slovak Republic, Spain, Sweden, and United Kingdom. The sam-
ple comprises 201 observations per each variable considered in the analysis.

Worldwide, numerous initiatives of public policies have been issued to promote
energy efficiency, in relation to an increase of use of renewable energy and imple-
mentation of emerging energy technologies, either managed by international institu-
tions, regional institutions, or local agency energy institutions. Our study aims to
underline the role of national governments’ policies in energy efficiency. To isolate
the effect of international and regional effects of institutional frameworks, we have
limited our sample only to EU members, which are subject to the same public energy
directives that are, however, transposed differently into local regulations and which
are monitored for compliance according to different enforcement systems.

The period is limited to 2010-2019 because of the limited project lifetime of the
RISE (Regulatory Indicators for Sustainable Energy) project, which only commenced
in 2010. The project collects data from different countries through annual surveys to
measure an aggregate image of countries’ readiness for implementing a sustainable
energy consumption model. In Table 1, we provide a short description of the varia-
bles considered in our analysis.

3.2. Time series analysis

Our analysis uses time series data covering the period 2010-2019, structured in panels
represented by 21 countries. The relationship between energy efficiency indicator and
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country institutional factor is assessed through panel data analysis methods. The ana-
lysis of time series analysis consists of several steps, respectively: (i) stationarity of
panel time-series data; (ii) panel time-series causality tests; (iii) co-integration of
panel time-series data.

3.2.1. Panel stationarity testing
Testing for stationarity of time series is performed by running a set of panel unit
root tests: Levin-Lin-Chu t-test, Im-Pesaran-Shin test, ADF - Fisher Chi-square test,
and PP - Fisher Chi-square test. All the methods have a similar principle. For
instance, in the case of the Levin-Lin-Chu test is tested the assumption that all coun-
tries in the panel share the same autoregressive coefficientai ¼ q� 1, estimating
model below:

Table 1. Description of variables considered in the model.
Variable Name Description Source of data

Energy efficiency EES Distance measured in absolute terms (Mtoe), calculated as a
difference between the observed energy consumption in
a given year to the absolute primary and final energy
consumption targets in 2020 or 2030 according to
Directives 2012/27/EU

Eurostat
(nrg_ind_eff)

Country energy
efficiency score

EES One of the four composite scores calculated to measure
country sustainable development, incorporating various
elements defining the national framework ensuring and
monitoring for energy efficiency, shortly described by 13
pillars of energy efficiency institutional drivers,
respectively: national energy efficiency planning, energy
efficiency entities, information provided to consumer
about electricity usage, energy efficiency incentives from
electricity rate structures, incentives & mandates:
industrial and commercial end users; incentives &
mandates: public sector, incentives & mandates: utilities,
financing mechanisms for energy efficiency, minimum
energy efficiency performance standards, energy labeling
systems, building energy codes, transport sector, carbon
pricing and monitoring

RISE databse

Greenhouse gas
emissions

GGS Data integrating information about gasses that genrate the
greenhouse effect, such as: water vapor (H2O), carbon
dioxide (CO2), nitrous oxide (N2O), methane (CH4) and
ozone (O3) seen as primary greenhouse gases, or more
human-made gases, such as sulfur hexafluoride (SF6),
hydrofluorocarbons (HFCs) and perfluorocarbons (PFCs)

UNCTAD
database

Energy dependence ED Extent to which an economy relies upon imports in order to
meet its energy needs. It is calculated as net imports
divided by gross available energy.

Eurostat
(t2020_rd320)

Global competitive
ness index

GCI Annual score calculated for each country, as a weighted
average of various components descrbing different
essential aspects of country competitiveness, grouped into
12 pillars of competitiveness, respectively: institutions,
infrastructure, macroeconomic environment, health and
primary education, higher education and training, goods
market efficiency, labor market efficiency, financial market
development, technological readiness, market size,
business sophistication and innovation

Global
Competitive
ness Report

Firm policy efficiency FPE Data that reflect the score calculated by Thomson Reuters
for each firm, on an annual basis, refering to how reliable
and consistent are firm policies adressing energy
efficiency organsational requirements

Reifinitiv Eikon
database
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Dyi, t ¼ a � yi, t�1 þ
Xpi

j¼1

bij � Dyi, t�j þ X'i, t � dþ li þ ht þ eit (1)

where D is the first difference operator, pi is the number of lags, li is the unit-specific
fixed effect, while ht denotes the time fixed effect and eit The error terms follow a sta-
tionary invertible autoregressive moving-average process for each unit in the panel
but are independently distributed across the panels. If q < 1, the test confirms that
the time series is stationary. Otherwise, the null hypothesis q ¼ 1 is accepted, show-
ing that each panel has a unit root.

Once determined the integration level of the time series, based on the panel unit
root tests, it can be decided if the regression model is estimated using values at level,
valid for time series of Ið0Þ order of integration, or first difference values, in case of
time series of Ið1Þ order of integration. Moreover, based on the time-series order of
integration, we decide if further analysis is needed for the co-integration of time ser-
ies, which would confirm the long-run relationship between the variables. Otherwise,
the VAR model is preferred instead of the ADRL model and no longer needs short-
run relations analysis.

3.2.2. Panel causality testing
Our analysis started from an extended set of time series, including energy productiv-
ity, energy consumption, World Governance regulatory quality score, World
Governance rule of law score, firm ESG score, and firm target energy efficiency score,
a variable which was excluded based on the results of causality tests performed. Based
on Granger panel causality tests, we decided which variables are planned to be
endogenous considered for the VAR model estimation.

Granger causality test consist of estimating the bivariate regressions of the form
below, for each possible pair of variables considered on the analysis, testing for the
hypothesis that b1 ¼ b2 ¼ b3 ¼ . . . ¼ bl ¼ 0, for each equation.

yi, t ¼ a0 þ a0 � yi, t�1 þ . . .þ al � yi, t�l þ . . .þ b1 � xi, t�1 þ . . .þ bl � xi, t�l þ ei, t (2)

xi, t ¼ a0 þ a0 � xi, t�1 þ . . .þ al � xi, t�l þ . . .þ b1 � yi, t�1 þ . . .þ bl � yi, t�l þ li, t (3)

The null hypothesis is that x does not Granger-causey in the first regression and
that y does not Granger-cause x in the second regression. We can reject the null
hypothesis if the F-statistic is statistically significant for a level of 5%, concluding that
there is a causality relationship between the two variables, but with a clear direction
of causality.

An additional VAR Granger causality test is performed to have better information
limited strictly to the time series of the selected endogenous variables. The first caus-
ality granger test is performed only to select variables to be included in the VAR esti-
mated model.
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3.3. Model specification

Correlation or causality tests confirm the existence of a relationship between two var-
iables; they do not reveal information about its strength. For this purpose, we esti-
mate a VAR model to understand the amplitude of the relationship between our
variables. By estimating the VAR model, we solve the problem of endogeneity of the
variables considered in the model (Gujarati & Porter, 2009). Additionally, we can see
the sign of the relation between our endogenous variables. Nonetheless, as noted by
Canova and Ciccarelli (2013), panel VAR models represent useful tools for govern-
ment policy analysis because: (i) they capture both static and dynamic interdependen-
cies, (ii) treat the links across units in an unrestricted fashion, (iii) easily incorporate
time variation in the coefficients and the variance of the shocks, and (iv) account for
cross-sectional dynamic heterogeneities.

More frequently, the Panel VAR model and the VECM model are widely used in
the literature related to energy consumption modeling and study of causality concern-
ing country economic growth (Omri, 2014; Ozturk, 2010). The choice for the VAR
model is because all endogenous variables included in the model have the same order
of integration (Gujarati, Gujarati and Porter, Gujarati and Porter, 2009; Brooks,
2019). Additionally, the VAR model is preferred against the ADRL model, as there is
no cointegration valid for time series with I (0) order of integration (Wu & Zhou,
2010). The VARðpÞ process used in our analysis, with a lag of p, can be expressed by
the system of relations below:

EEi, t ¼ aþ
Xp

j¼1

bj � EEi, t�j þ
Xp

j¼1

cj � EESi, t�j þ
Xp

j¼1

dj � GGSi, t�j þ ei, t (4)

EESi, t ¼ aþ
Xp

j¼1

b'j � EESi, t�j þ
Xp

j¼1

c'j � EEi, t�j þ
Xp

j¼1

d'j � GGSi, t�j þ e'i, t (5)

GGSi, t ¼ aþ
Xp

j¼1

b''j � GGSi, t�j þ
Xp

j¼1

c''j � EEi, t�j þ
Xp

j¼1

d''j � EESi, t�j þ e''i, t (6)

where ei, t, e'i, t and e''i, t denote the stochastic error terms, called innovations. Those
innovations are used later for an impulse function analysis to show the effect on
energy efficiency on each of the standard error shocks generated by the other
endogenous variables included in the estimated VAR model.

The error terms have to follow a white noise process, known in terms of VAR mod-
els as innovations process. No autocorrelation between different panel unit residuals,
ensuring: (i) no dynamic interdependencies (no lagged impact from variable l of coun-
try i to variable k of country j for lag p); (ii) no static interdependencies (no correlation
between the error term of equation l of country i, with the error term of equation k of
country j; (iii) no cross-sectional heterogeneities (homogeneous coefficient across the
countries for lag p). Therefore, in addition to the review of the classical adjusted R2

and the F-statistic, we check for model validation performing several additional tests,
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respectively the autocorrelation LM test and the White Heteroscedasticity test to check
for panel errors autocorrelation and model heteroscedasticity.

As the lag length of the model influence significantly the estimate of the VAR
model, it is essential to choose the optimal one, to avoid too many lags and too
many coefficients to be estimated on the not sufficiently high number of observations
(Gujarati & Porter, 2009). To ensure a proper lag length of the estimated model, we
will choose the one that leads to the minimization of a majority of the following
information criterion: Akaike’s information criterion (AIC), Hannan-Quinn criterion
(HQ), Schwarz criterion (SC) (Ivanov & Kilian, 2005).

The VAR model analysis provides relevant information about the sign and the
amplitude of the relation between our endogenous variables. Additionally, through
VAR model estimation, we can determine the response of the energy efficiency vari-
able to shocks on the other endogenous variables, over a longer period, by analyzing
the resulted impulse response function. Additionally, the variance decomposition ana-
lysis is performed as it offers useful insights on how much each endogenous variable
contributes to the changes encountered on our energy efficiency focus variable.

Further robustness analysis is performed, including on our VAR model several
exogenous variables, which are confirmed with only a uni-directional causality rela-
tionship, to control our results for (i) firm operations impact on countries’ change to
achieve energy consumption 2030 targets; (ii) implications of country energetic secur-
ity, from the perspective of the degree net imports cover a country’s demand of
energy; (iii) countries’ competitiveness, which have implications on energy pricing
and countries’ power of negotiation.

4. Results and discussion

4.1. Exploratory data analysis

According to EU Commission, reported figures as of 2019, the 2020 targets on energy
consumption reduction with 20% have been achieved, with more than 3%. Instead,
Directive (EU) 2018/2002 has established new targets for 2030, compared to the tar-
gets decided through the Directive 2012/27/EU defining the 2020 targets on energy
efficiency. In Figure 1, we represent the evolution of the energy efficiency indicator
measuring the distance to the 2020 and 2030 targets, on an annual basis for the EU
members, considered in our sample.

Table 2 provides descriptive statistics, and it shows smooth evolution toward the
energy efficiency targets related to energy consumption, which might be the effect of
the coherent macroeconomic policies directed by the EU Commission. Looking at
Figure 2, we can observe significant gaps between countries regarding energy effi-
ciency indicators, which can be justified by different country institutional frameworks,
economic development, capital markets maturity, technological innovation, and
human capital development (Wang et al., 2019).

Additionally, in the light of increasing awareness of governments concerning the
weak results of circular economy concepts implementation, some studies show the
negative effect of energy use on the environment (Halkos & Petrou, 2019). The statis-
tics also show discrepancies countries in terms of greenhouse gas emissions (CO2,
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Figure 1. Evolution in time on the endogenous variables.
Source: Authors’ projection

Table 2. Descriptive statistics.

Energy
dependence

Energy
efficiency

Country energy
efficiency score

Firm
policy

efficiency

Global
competitiveness

index

Greenhouse
gas

emissions

Mean 51.40 73.16 66.06 62.58 18.44 211.9
Median 48.95 32.97 67.50 86.74 5.130 100.6
Maximum 91.78 315.15 92.00 93.61 82.84 966.3
Minimum �15.97 7.600 15.93 0.000 3.860 23.85
Std. Dev. 20.73 80.00 16.54 39.72 27.57 229.4
Jarque-Bera 3.629 104.4 10.51 41.69 85.81 136.3
Probability 0.163 0.000 0.005 0.000 0.000 0.000

Source: Authors’ calculation.

Figure 2. Country profile based on average of endogenous variables.
Source: Authors’ projection
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SOx, NOx, etc.). The median value of greenhouse gas emissions is less than half of
the mean value, while the range of values is between 23, 85 and 966,3 (Wang
et al., 2017).

National decision-makers have come to the agreement that coherent strategies
have to be drawn up and implemented to redesign the current energy European sys-
tem, including reduction of greenhouse gas emissions through technological innov-
ation, financing, and support of installing new renewable energy capacities that
amplify as well the circular economic systems, or through the improvement of energy
efficiency in other to reach an annual media 1.8% reduction of energy consumption
(Knopf et al., 2013; EU Commission,2020).

Nonetheless, researchers have raised the impact of firms’ impact on how energy
efficiency can be achieved through firms’ processes redesign or processes continuous
improvements (Renna & Materi, 2021; Solnørdal & Foss, 2018). Instead, the authors
underlined the gap between firms’ management objectives and governments’ objec-
tives, which generally lead to poor or ineffective programs incentivizing the use of
cleaner energy, such as renewable energy. This gap seems to become a systemic issue,
as Solnørdal and Foss (2018) have highlighted that the national policy instruments on
energy efficiency have the lowest impact on firms’ energy efficiency performance.
Instead, firm policies addressing the problem of energy efficiency within the organiza-
tions can create the premises for better operational performance on the use of energy
if designed to the specific of firms’ business model and cultural organization. This
approach can explain how close the median value (86,74) is to the maximum value
(93,61), showing that our sample contains mainly (more than 50%) firms with a score
greater than the mean value (62,58). Firms consider relevant the need to address the
problem of energy efficiency, not only from the cost and constraints perspective but
also from the environmental perspective (Sineviciene et al., 2017).

4.2. Correlation analysis

In Table 3, we emphasize the correlations between our variables. One relevant correl-
ation we can observe is between the score that reflects the quality of the country’s
framework supporting the initiatives on energy efficiency and the gas emissions level
(0,416), showing how important is the role of the state in leading the efforts to gas

Table 3. Correlation matrix.

Energy
dependence

Energy
efficiency

Country energy
efficiency score

Firm policy
efficiency

Global
competitiveness

index
Greenhouse
gas emissions

ED 1
EE 0.136� 1
EES 0.150� �0.058 1
FPE 0.036 0.078 �0.031 1
GCI 0.064 0.021 0.416� 0.025 1
GGS 0.146� 0.963� �0.070 0.026 0.000 1

Note: Energy efficiency (EE), RISE energy efficiency score (EES), Energy dependency (ED), Firm policy energy efficiency
(FPE), Global competitiveness index (GCI), Greenhouse gas emissions (GGS).
Source: Authors’ calculation.�Significance level of correlation for 1%.
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emissions reduction through reduction on energy consumption and reduction of the
waste of energy because of poor energy logistic systems.

However, a strong correlation exists between the level of achieving the reduction
targets on energy consumption and the level of gas emissions (0.963). The positive
correlation is unexpected, but it can be explained by the fact that the measure of
energy efficiency is a cumulative value over time which reduce the same time with
the reduction in gas emissions because of the efforts to increase the productivity of
energy consumption by producing higher value add with a lower amount of energy
(Acaravci & Ozturk, 2010).

4.3. Time series stationarity analysis

The time series analysis involves the first step if there are unit roots, otherwise
leading to spurious regressions (Gujarati & Porter, 2009). The commonly
accepted unit root tests are the ADF (Augmented Dickey-Fuller) and PP
(Phillips-Perron) (Gujarati & Porter, 2009). We perform additional more recent
two panel unit root tests to these tests, respectively Levin–Lin–Chu test and
Im–Pesaran–Shin test.

In Table 4, we provide the results of all unit root tests employed. The results show
that all endogenous variables considered for our model are stationary at the value
level, respectively I(0), at a significance level of 5%, except for the Im-Pesaran-Shin
test and AD Fischer test significant for a level of 10%. These results show that one
fundamental assumption required to estimate a VAR model, respectively, the
endogenous variables must have the same integration order, is fulfilled (Gujarati &
Porter, 2009). The I(0) order of integration allows us to use the level values of our
time series, ensuring the stationarity condition required for the VAR model. After all,
this order of integration shows slow progress on achieving targets on energy effi-
ciency, reducing greenhouse emissions, and even more on structural changes of the
energy efficiency country institutional framework.

Table 4. Panel unit root test results.

Variable Method

Individual intercept
(level)

Statistic P-value��
Energy Efficiency (EE) Levin, Lin & Chu t� �4.260 0.000

Im, Pesaran and Shin W-stat �1.402 0.081
ADF - Fisher Chi-square 51.99 0.097
PP - Fisher Chi-square 112.3 0.000

Energy Efficiency Score (EES) Levin, Lin & Chu t� �12.51 0.000
Im, Pesaran and Shin W-stat �2.740 0.003
ADF - Fisher Chi-square 76.82 0.001
PP - Fisher Chi-square 61.96 0.024

Greenhouse Gas Emissions (GHC) Levin, Lin & Chu t� �5.306 0.000
Im, Pesaran and Shin W-stat �1.680 0.047
ADF - Fisher Chi-square 65.77 0.011
PP - Fisher Chi-square 95.54 0.000

��Probabilities for Fisher tests are computed using an asymptotic Chi-square distribution. All other tests assume
asymptotic normality.
Source: Authors’ calculation.
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4.4. Panel causality test results

As described in the section of methodology, the data we have started comprised more
input variables, including energy production, energy consumption, World
Governance regulatory quality score, World Governance rule of law score, firm ESG
score, and firm target energy efficiency score, a variable which was excluded based on
the results of causality tests performed.

Table 5 presents the Granger causality test results only for the variables for which
significant F-statistics were obtained for different lag length scenarios, showing
Granger causality with our dependent variable (energy efficiency). The optimal lag
length for the VAR model estimated is 2, based on the AIC value, which is the small-
est criterion value. We have performed a Granger causality test for 1 lag and 3 lags
for the robustness of our results.

The results show a significant bi-directional causality between RISE country energy
efficiency score (EES) and energy efficiency (EE), as both F statistics are statistically
significant for a level of 1%. These results show that achievement of energy consump-
tion reduction targets is significantly influenced by the country’s institutional frame-
work, reflected by RISE composite index dimensions, respectively: incentivization
programs and tools, financing mechanisms for energy efficiency, standardization and
monitoring of energy efficiency performance management, enforcement mechanisms,
or strategic national efficiency planning. The results are in line with Zhang et al.
(2013), who have underlined as well the importance of financing on the area of
energy consumption reduction and decline on related gas emissions through govern-
ment subsidies, favorable credit policies, incentivizing tax policies, or even media
supervision.

Similar bi-directional results are also obtained in the case of energy efficiency (EE)
and gas emissions (GHC). Energy efficiency is not reached only through better energy
production, but through cleaner alternative energy solutions, such as bioenergy or
wind energy which seem to be in EU Commission’s attention for future financing
(EU Commission, EU Commission, EU Commission, 2020).

Additionally, we observe only a uni-directional causality relation between the
country’s institutional framework and greenhouse gas emissions, showing that the
level of reported GHCs significantly influences national regulation and strategies for
gas emission reductions. Instead, the reverse causality relation is not statistically

Table 5. Granger causality analysis.
Variable type Causality relation No. lags Lag ¼ 2 Lag ¼ 3 Lag ¼ 1

Endogenous variables EE <– EES F statistic 4.122� 0.011 2.598
EES <– EE F statistic 6.052� 0.056 0.043
EE <– GGS F statistic 3.871� 0.019 0.183
GGS <– EE F statistic 3.257� 0.005 1.765
EES <– GHC F statistic 4.714� 0.071 0.065
GHC<– EES F statistic 0.091 0.477 0.089

Exogenous variables EE <– FPE F statistic 0.254�
EE <– GCI F statistic 3.701�
EE <– ED F statistic 3.247�

EE, energy efficiency; EES, RISE energy efficiency score; GHC, greenhouse gas emissions; FPE, firm policy efficiency
score; GCI, country global competitiveness index; ED, economic dependence.�Rejection of the null hypothesis of no Granger causality at the 5% significance level.
Source: Authors’ calculation.
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significant, which leads us to the same conclusion as Knopf et al. (2013) and
Solnørdal and Foss (2018), that country regulation and enforcement mechanisms can-
not address the problem of GHC reduction properly.

4.5. VAR model estimation and analysis

If Granger causality testing has provided relevant information about how variables
influence each other, the estimated VAR model reveals essential information on the
amplitude of the causality between those variables. Through VAR model estimation,
we solve the issue of endogeneity, but with the condition that the dynamic informa-
tion on the model is limited. Instead, as noted by Gujarati and Porter (2009), VAR
model estimation is sensitive to the lags considered on the model. The lag is selected
based on the smallest value of the AIC value, as this criterion value (17,58) is slightly
smaller than the SIC value (17,97).

In Table 6, we present the main three criteria generally sued for VAR model lag
length. The lowest value of AIC is valid for the lag k ¼ 2, while the value of SC indi-
cates a lag of only k ¼ 1: However, as the HQ criterion indicate the lag as well of
k ¼ 2, we have decided on a VAR model with two lags.

There is no lag considered on Granger causality testing, as indicated by the results
of statistical testing for the optimal lag length of the model, presented in Table 6,
which shows neither of the statistics determined is statistically significant. In those
circumstances, we’ve decided on a VAR model estimation, first because of the order
of integrating our variables and secondly based on the results from Table 6.
Compared with the ADRL model, the VAR model does not count for the impact of
short-run effects of our variables on energy efficiency. Additionally, as noted by
Knopf et al. (2013), changes in energy systems optimization take time, for why public
policies and firms’ investment projects are expected to generate visible effects in a
longer term. The medium and long-term orientation of energy projects is already
acknowledged, so planning on energy efficiency became essential in the last decade.
Nonetheless, institutional mechanisms are not sufficiently flexible and accountable in
case of all countries, varying geographically and in time (Cattaneo, 2019), the reason
why a more coherent approach has been decided by implementing globally three key
policies, respectively: (i) the implementation of Energy Efficiency Standard, to encour-
age energy efficiency, (ii) the implementation of Feed-in-Tariff (FiT) to ensure an
attractive scheme of incentives for consumers to decide in favor of renewable energy,
(iii) Building Energy Performance Certification (BEPC) schemes, aimed to promote

Table 6. Lag length selection results.
Lag LogL AIC SC HQ

0 �2.019 32.100 32.167 32.127
1 �1.044 16.768 17.04� 16.877
2 �1.029 16.66� 17.136 16.86�
3 �1.020 16.668 17.344 16.943
4 �1.,012 16.689 17.566 17.045

AIC, Akaike information criterion; SC, Schwarz information criterion; HQ, Hannan–Quinn information criterion.�Lag order selected by the criterion.
Source: Authors’ calculation.
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widening the diffusion of new technologies in conjunction with advanced energy
technologies (Lu et al., 2020).

In Table 7, we summarize the estimation of the VAR model. The model is statis-
tically significant as the F � statistic is significantly higher than the critical value.
Moreover, we observe a high level of R2 adjusted, which explains in the case of all
models at least 81,4% of the output variable. Additionally, we observe that there is no
autocorrelation on the error term between different panel units, as the LM-statistic is
not statistically significant (LM � stat ¼ 10:175, Sig: > 5%). The problem of hetero-
skedasticity (Chi� square stat ¼ 597:3, Sig: < 5%) is solved by estimating the model
using the White standard errors method, to get consistent standard errors, as the esti-
mated regression coefficients are not affected (Lee et al., 2019). Nonetheless, we
observe our model is stable, as there is no root of the characteristic polynomial placed
outside the circle with the radius of 1.

Overall, we observe energy efficiency is significantly affected by a recurrent compo-
nent indicating a maximum lag of two years (Coef : ¼ 0, 570, Sig: < 0:01), indicating
that achievement of targets on energy consumption reduction represents a progressive
process which seems to be irreversible.

Results show no impact on energy efficiency level, generated by the level of gas
emissions, as the coefficient is even statistically significant for both lags, are o oppos-
ite sign. However, this causality relation provides more conclusive information, espe-
cially on a short-run approach, that is analyzed in our study.

Instead, it seems that the country’s institutional framework has played an insignifi-
cant role in achieving energy efficiency. These results show that the efforts of energy

Table 7. VAR Model estimation.

Variable Lag
energy
efficiency

energy
efficiency score

greenhouse
gas emissions

Endogenous variables Energy efficiency 1 0.570� 0.541 �0.967�
0.164 0.588 0.515

2 0.419� �0.540 0.952�
0.162 0.587 0.510

Energy efficiency score 1 �0.026 0.746� �0.036
0.044 0.161 0.165

2 0.051 0.075 0.048
0.051 0.159 0.199

Greenhouse gas emissions 1 0.076� 0.062 1.190�
0.027 0.039 0.252

2 �0.076� �0.060 �0.202
0.027 0.038 0.248

Exogenous variables Constant �1.329� 15.97� �0.189
0.664 2.228 2.571

Model validation Adj. R-squared 0.999 0.814 0.999
F-statistic 25269.4 117.5 19272.8
AIC criterion 17.58
SW criterion 17.97

Residual’s diagnostic Joint normality test JB-Stat 1380.2�
Autocorrelation test LM-Stat 10.175

P-value 0.3365
White heteroscedasticity test Chi-sq 597.3�

Model stability Maximal modulus
(Characteristic polynomial roots)

0.992

Source: Authors’ calculation.�Significance level of coefficient estimated for 1%.
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consumption reduction are rather driven by firm-level decision, strongly influenced
by cost-related constraints, such as the price of gas or electricity, the costs of penalty
for gas emissions, or process-related improvements leading to environment protec-
tion, positively perceived on capital markets as well. Instead, those firm-based drivers
are partly incorporated on the value of our constant (Coef : ¼ �1, 329, Sig: < 0:01),
which confirms once again our previous statement. Therefore, market growth oppor-
tunities or economic constraints force managers to look for more cost-effective solu-
tions to cover energy demand. Zangheri et al. (2019) study highlights that among the
recurrent replies given by countries for achievement of the annual target, in terms of
energy consumption reduction, there are also references to a price reduction of gas or
electricity.

Overall, the model estimated is stable, indicated that no characteristic polynomial
root identified fall outside the unit circle, showing once again variables stationary and
the fact that long-run accumulated shocks are 0 and that the energy systems automat-
ically recalibrate in time.

4.6. Impulse response function analysis

In Figure 3, we have represented the response of our endogenous variables to differ-
ent shocks, such as changes in regulation or new innovative technologies that can
lead to significant gas emission reduction. Thus, the graph shows how energy effi-
ciency will be affected to one standard deviation innovations to either country RISE
energy efficiency score or country reported gas emissions.

Figure 3. Representation of shock effects on model endogenous variables.
Source: Authors’ projection
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The graph shows that one standard error shock in historical annual energy savings
determines a negative response of the current year energy savings but is limited to
the first two years. In the long term, for two to four years, the historical energy sav-
ings have a slightly positive effect. Nonetheless, we observe a positive response of
energy efficiency on a one standard error shock on greenhouse gas emissions in the
short run for the first two years analyzed. However, for the next year, the positive
effect of energy efficiency to a shock on change on GHC is reversed partially.

4.7. Variance decomposition analysis

As a final step of our analysis, we review each of the endogenous variables’ role in
explaining the weight of a one standard error shock determined to the response of
energy efficiency. In Figure 4, we represent the distribution of contribution of each of
the endogenous variables to the one standard error innovations. We have considered
only ten years because of the small optimal lag length determined in the previous sec-
tions, which is two years for a long-run approach, while only one year lag is consid-
ered for a short-run perspective.

The graph and the distribution of probability show that the main driver of the
response of energy efficiency to shocks is the historical short-run energy savings. In
the first year, current energy efficiency is affected 100% by prior year energy effi-
ciency shocks. In the next years, this shock affects less the current year period energy
efficiency, reaching the minimum value of 86,47% in the case of the short-
run analysis.

Overall, those two drivers are not significantly relevant, meaning that governments
must change their perspective, from factors of regulation and enforcement, they
should change to factors of facilitation and supporting factors for firms’ initiatives
that lead to a reduction in energy consumption. For this purpose, they must first

Figure 4. Representation of endogenous variables to a variation on energy efficiency.
Source: Authors’ projection
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ensure a more robust national regulation and sufficiently flexible, granting more
standard-setting authority to organizations of profile on the energy area and special-
ized firms associations. Secondly, they must ensure a transparent and advantageous
system of financing technological innovations in alternative energy sources.
Nonetheless, as prescribed by the Directive 2012/27/EU, they must ensure effective
enforcement mechanisms, such as the energy audits and regular standard reporting of
energy consumption. This policy implication should prepare the countries for the
currently proposed new EU Directive on energy efficiency, which will amend the ini-
tial one, with the new 2050 targets on energy consumption, energy dependency, and
technological innovation related to energy production.

4.8. Robustness analysis

As the last step of our analysis, we provide the VAR model estimation results, con-
trolling this time for the influence of firms’ policy in energy efficiency, the competi-
tiveness of the national economic environment, and countries’ rate of energetic
dependence. This way, we understand the impact of some of the main constraints
that governments face on their efforts to keep as high as possible the distance
between energy consumption and related targets of maximum energy consumption.

5. Discussion

A higher energy dependence determines higher energy productivity, meaning lower
energy consumption per value add created, directly impacting our energy efficiency
variable. Solnørdal and Foss (2018) and Renna and Materi (2021) stated energy con-
sumption reduction is expected to be determined by the firms’ behavior in adjusting
their energy demand, through the strategic direction given by managers. The pressure
is even higher for such micro-management of the energy demand. As long as energy
markets prove extremely volatile, firms search for each opportunity to get an advan-
tage on the negotiated energy price. Nonetheless, there is evidence that a nation’s
governance quality represents, perhaps not a central driver for energy efficiency, but
rather a mediating factor (Apergis & Gar�cıa, 2019).

The results show no significant changes between the model provided in Table 7
and the model provided in Table 8. The control variables seem to have no significant
impact on the distance between the annual energy consumption and the remaining
target level. Instead, we can observe that the level of competitiveness of a national
economy significantly influences the national framework for the energy efficiency of a
country (Coef ¼ �0:037, Sig: < 5%). These results suggest a complementary relation
between the maturity of the economic environment and the quality of the framework
created by the government to promote energy efficiency. The economic environment
can lead to energy efficiency through different channels and mechanisms, such as the
efficiency of energy markets, availability of financing resources for initiatives aimed
to reduce energy consumption, non-compliance costs for consumer behavior that
breach legal requirements or industry standards requirements, etc. On the other side,
if the economic environment is not capable of ensuring voluntary reduction of energy
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consumption, either within firms, or households, the national government should
intervene and create a consolidated framework that implements adjustments in the
economy by offering incentives for consumer behavior that lead to lower energy con-
sumption and higher energy efficiency.

Apergis and Gar�cıa (2019) and Chou and Zhang (2020) studies have confirmed a
positive impact of national governance quality on the increase of energy efficiency.
However, their results referred only to indirect measures of the quality of the national
framework for energy efficiency. In contrast, our study relates to a more focused
energy efficiency indicator regarding the RISE energy efficiency component.
Nonetheless, Chou and Zhang (2020) noted, a higher impact of national governance
quality is confirmed in the case of nations with lower energy efficiency. Our study is
limited to EU countries, subject to uniform energy efficiency directives, which partly
leads to a higher convergence of national regulations in this area and higher energy
efficiency. Evidence in the literature indicates significant progress on implementing
the EU energy directives, though emphasizing the need for further concerted efforts
to improve the regulation and monitoring instruments (Zangheri et al., 2019).
However, we underline that the European regional initiative to coordinate the efforts
toward achieving the 2030 targets in terms of energy reduction is limited, as national
standard-setters must further regulate country-specific items.

Table 8. Var model estimation considering exogenous variables.

Variable Lag
Energy
efficiency

Energy
efficiency score

Greenhouse
gas emissions

Endogenous variables Energy efficiency 1 0.581� 0.612 �0.828
0.169 0.595 0.506

2 0.408� �0.608 0.818
0.167 0.596 0.500

Energy efficiency score 1 �0.025 0.746� �0.035
0.044 0.159 0.162

2 0.059 0.112 0.118
0.049 0.164 0.189

Greenhouse gas emissions 1 0.076� 0.054 1.175�
0.029 0.034 0.246

2 �0.075� �0.052 �0.187
0.029 0.033 0.242

Exogenous variables Constant �1.178� 15.15� �2.378
0.509 2.844 2.241

Energy dependence �0.357 �0.422 �0.536
0.415 0.754 1.611

Global competitiveness index �0.008 �0.037� �0.072�
0.006 0.015 0.022

Firm policy efficiency score 0.001 �0.002 0.001
0.004 0.015 0.009

Model validation Adj. R-squared 0.999 0.818 0.999
F-statistic 16727.9 79.043 13221.5
AI criterion 31.4
Schwarz criterion 31.971

Residuals diagnostic Joint normality test JB-Stat 1386.2�
Autocorrelation test LM-Stat 7.415

P-value 0.594
White heteroscedasticity test Chi-sq. 707.9�

Model stability Maximal modulus
(characteristic polynomial roots)

0.992

Source: Author’s calculation.�Significance level of coefficient estimated for 5%.
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The results also suggest similar complementary mechanisms, when identifying the
relationship between the level of greenhouse gas emissions and the quality of a
nation’s institutional energy efficiency factors (Coef ¼ �0:072, Sig: < 5%). The
higher the competitiveness of a nation, the lower the level of greenhouse gas emis-
sions, as an effect of energy consumption reduction, which represents an opportunity
for firms to optimize their cost models throughout their operational processes.
However, higher competitiveness within a nation is not determined only by energy
price effects on firms’ cost models. Still, it can also denote that a nation has higher
capabilities to foster innovation and implement advanced technologies designed to
reduce energy consumption and indirectly increase energy productivity. Nonetheless,
it is important to underline that the national competitiveness index also contains a
component that describes the complexity of business models in an economy or the
sophistication of production processes, which can have contradictory effects. First,
more complex business models can be reflected by the highly horizontal and vertical
integration of the operations, with potential significant scale effects determined by
avoiding externalization of processes and creating value-added along the entire supply
chain. On the other side, business models can also be less complex. Still, the products
such firms sell can be produced through processes using technologies that require
high consumption of resources, as is the case in the chemical industry.

The impact of firms’ policies on macroeconomic energy consumption reduction
seems to be statistically insignificant. The results are similar to Sineviciene et al.
(2017), who underlined that changes to the firms’ corporate governance do not lead
to substantial reductions in energy consumption.

6. Conclusion

Our study aimed to assess the causality between the quality of national institutional
frameworks designed to ensure higher energy efficiency and the distance to the
achievement of the EU Commission targets in terms of energy consumption. Our
analysis uses a time series covering the period 2010–2019, structured in panels repre-
sented by the 21 EU member states included in our sample.

Our results show a relevant correlation between the score that reflects the quality
of a nation’s framework supporting energy efficiency initiatives and the gas emissions
level. However, the quality of a nation’s institutional and economic energy efficiency
framework does not significantly influence the distance between annual energy con-
sumption and related EU targets, as prescribed by the energy efficiency EU
Directives. Instead, the bi-directional Granger causality relationship is visible only for
the first three years according to the impulse response function. Another strong cor-
relation exists between the level of achieving the reduction targets on energy con-
sumption and the level of gas emissions. Similar bi-directional results are obtained as
well in the case of energy efficiency (EE) and gas emissions (GHC). Also, our findings
reveal that the level of reported GHCs significantly influences national regulation and
strategies for gas emission reductions. These results indicate that a nation’s institu-
tional framework can influence the achievement of energy consumption reduction
targets, but only as long as the mechanisms activated work effectively and are
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supported by regulations consistent with the local specificities of the economic envir-
onment. The outcomes of our research highlight the fact that institutional regulatory
frameworks are important factors in achieving energy efficiency. Thus, regulations
and monitoring mechanisms must correctly and concretely address this issue through
coherent legislation and an effective control mechanism to reduce consumption and
gas emissions to increase energy efficiency. Once this macroeconomic objective is
achieved, firms can better understand how their internal processes and supporting
policies and procedures should be designed to align with the direction provided by
the government.
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