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Abstract: In recent decades, various policies have been implemented to reduce energy consumption,
as well as a considerable increase in research that analyzes the determinants of energy consumption,
both with a standard feature, mitigating environmental degradation. However, few studies investigate
the economic and spatial determinants of energy consumption in the European Union (EU). Therefore,
to cover the knowledge gap, based on the review of the existing literature, this document is designed
to analyze the determinants and energy policy in energy consumption in the EU. For this reason,
the objective of this research is to analyze the effect of human capital, the price of oil, and Kyoto
Protocol policy on energy consumption. In addition, the effect of contiguity and spatial concentration
on energy consumption is studied for 34 European countries, of which 26 belong to the EU, for the
period 2000–2016. For this, data collected from the World Bank (2017) and the World Energy Statistical
Review (2017) were used. The work methodology is based on the application of econometric
techniques for panel data, and spatial econometrics, based on the application of a Spatial Durbin
Model (SDM), through which the existence of “spillovers” was determined in the implementation of
the energy policy. The results of the estimates show a negative effect of the price of oil and human
capital concerning energy consumption, and the variable “Policy” reflects a reduction in the energy
consumption of the EU countries in the period analyzed. Additionally, the space panel confirms
that the behavior of a country’s energy consumption depends on its past values and the level of
consumption presented by its neighbors, corroborating the importance of territorial contiguity in the
success of environmental policy in the case of the European Union.

Keywords: energy consumption; human capital; spatial econometrics; oil price

1. Introduction

In recent years there has been a downward trend in energy consumption in European countries,
associated with the growing consumption of renewable energy to counteract pollution [1]. According to
the European Environment Agency, overall consumption was reduced by more than 10% in the period
2005–2015, mainly as a result of two factors: An increase in energy efficiency, and the implementation
of energy policies in countries. Regarding the first one, empirical evidence reveals that one of the
main determinants in the development of this factor is human capital. Researchers such as Salim,
Yao, and Chen [2], Shahbaz, Gozgor, and Hammoudeh [3], and Coers and Sanders [4] show that an
increase in human capital contributes to reducing energy consumption. Another variable to consider
within this factor is the price of energy. Authors such as Humbatova and Qadim-Oglu Hajiyev [5]
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establish that it is a predominant element in the world economy. In this sense, dependence on fossil
fuels, especially oil, still prevails as the main source of supply. There are several studies that reveal the
existence of a negative relationship between the oil price and energy consumption, and authors such
as Moshiri [6], Moshiri and Martínez Santillán [7], and Sarkodie and Adom [8] confirm it.

The second factor that influences the reduction of energy consumption in Europe is associated with
the implementation of energy policies. The European Union (EU) has been promoting the reduction of
carbon emissions and within the framework of the Kyoto Protocol of the United Nations on climate
change, which was adopted in 1997, but which came into force as of 2005. “It undertook to reduce
its average total emissions during the period 2008–2012 by 8% compared to 1990” [9], taking into
account that in the last decades, the reform of the EU energy markets has produced positive results,
and market liberalization stimulates energy efficiency [10]. In this same framework, the “20-20-20”
measure was established, which aims to reduce primary energy consumption of the European Union
by 20%; to reduce greenhouse gas emissions by 20%; and to increase the contribution of renewable
energies to 20% of consumption.

In this context, the main objective of this research is to analyze the effect of human capital, the price
of oil, and Kyoto Protocol policy on energy consumption. In addition, it studies the effect of contiguity
and spatial concentration on Europe’s energy consumption under the hypothesis that an energy saving
policy that is having a greater effect in the European Union justifies more control throughout Europe.
For this, 34 European countries were selected as a sample, of which 26 belong to the European Union
during the period 2000–2016. Data were collected from the Statistics Review of World Energy [11] and
the World Bank [12].

The methodology to follow is econometric modelling, which includes three types of regressions.
The first one is a basic regression for panel data in which the dependent variable is represented
by energy consumption, and the independent variables are human capital and the oil price. The
second regression, based on the Generalized Least Squares (GLS) procedure, is basically the same, but
now the following are included as control variables: Gross value added in agriculture, gross value
added in industry, gross value added in services, employment in agriculture, employment in industry,
employment in services, and research and development (R&D) expenditure. In addition, to determine
the impact of the energy saving policy in the European Union, a dichotomous variable is included,
that assigns the value of “1” to countries that are part of this Union and “0” to those that are not
part of it, called “Policy”. The third regression includes spatial econometric modelling, based on the
application of the Spatial Durbin Model (SDM), developed by Anselin [13]; it is a dynamic spatial panel
for fixed effects, whereby the existence of “spills” or “spillovers” in the implementation of the energy
policy are determined, considering the spatial behavior of the explanatory variables. The regression
includes the variables of the two aforementioned models, except for the “Policy” variable and the
control variables: Gross value added and employment in agriculture, the latter not being statistically
significant in the modelling.

In this context, this research aims to provide empirical evidence on the impact of the energy saving
policy in the European Union and the effect of spatial dependence on energy consumption, and to
determine the existence or not of positive externalities in the implementation of the energy policy of
the European Union, unlike the literature that studies the effect of the oil price and human capital on
energy consumption [14–17].

The previous literature in relation to energy consumption is varied. However, there is a lack of
studies that analyze the role of human capital on energy consumption at macro level [2]. Furthermore,
according to Shahbaz, Gozgor, and Hammoudeh [3], previous empirical evidence studies did not
consider human capital as a determinant of energy demand in developed countries, as is the case in
most European countries, specifically the European Union (EU). In addition, several studies have
focused on analyzing the effect of oil prices on energy consumption since the oil crisis in 1970 [18],
considering the price of oil as one of the main determinants of demand for energy [3].
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According to previous studies conducted, there are several studies that define as determinants of
energy demand, education [14,15,19,20] and the energy price [16–18,21–23]. It is worth mentioning
that there are few studies that analyze the effect of these two variables on energy consumption using a
spatial methodology with panel data for European countries, especially of the EU, in the context of
evaluating the energy saving policy of Kyoto in 2008. Therefore, this work is an important contribution
to the scientific energy field.

Finally, it is essential to note that authors such as Ing, Liao, and Huang [24]; Li and Wu [25];
Lv, Chen, and Cheng [26]; and Shurui, Jingyou, Lei, and Zhong [27], use space econometric models,
including the Durbin model, to investigate the impact of different policy mechanisms on economic
variables at the sector level. At the same time, with its purpose, they have been able to determine
the effects of overflow and spatial autocorrelation, which have served as a guide to suggest regional
and sectoral policies. In agreement with LeSage and Pace [28], which mentions that the Space Durbín
Model can capture the spatial correlation of dependent variables and the effects of the spatial overflow
of independent variables. In this sense, the importance of the spatial econometric method of the present
article lies in the estimation of the existing spillovers in the implementation of the environmental policy
in the European Union in the analyzed period, that is, the positive effects of generation of joint and
coordinated implementation of environmental policy for a set of countries.

The structure of the work is as follows. After the introduction, in the second section, the empirical
evidence is presented, where studies related to the research topic are reviewed. The methodology
is presented in the third section. The fourth section collects the results and their discussion. Finally,
the main conclusions are highlighted in the last section.

2. Review of Previous Literature

The quality of the environment is directly related to energy consumption, according to Akadiri,
Bekun, and Sarkodie [29], since energy is the central resource used in various economic activities,
according to Bekun, Emir, and Sarkodie [30], and Destek and Sarkodie [31]. Therefore, the importance
of knowing the determinants of energy consumption in the EU in which studies such as Bekun,
Alola, and Sarkodie [32] confirm that energy consumption triggers environmental pollution in this
region. Some studies analyze energy consumption factors, in this research, empirical evidence on
the relationship between energy consumption and its determining variables is classified in two large
groups. The first one includes those studies that examine the relationship between human capital and
energy consumption, since the population is a factor that affects energy consumption [33]. The work of
Fang and Chang [34] is the first one to analyze the role of human capital in the relationship of energy
and income, in its study of 16 countries in the region of Asia and the Pacific, applying FMOLS (Fully
Modified Least Squares), and they find that human capital produces a one-way energy consumption.
Likewise, Shahbaz, Gozgor, and Hammoudeh [3], through the application of an Autoregressive
Distributive Lag (ARDL), take this approach for the US economy, and find a long-term relationship in
which a 1% increase in education reduces energy consumption by 0.1095%. In this same line is Salim,
Yao, and Chen [2], whose study for China finds a negative relationship, which states that an increase of
1% in human capital causes a decrease in energy consumption between 0.18% and 0.45%, which could
be attributed to a greater accumulation of human capital after schooling education.

In contrast, for China, Li and Lin [35], when applying an FMOLS model during 1999–2013, mention
that in addition to education, many energy consumption practices are generated and developed
through job training, experience, and learning through practice, instead of being taught explicitly
in the classroom. Coers and Sanders [4], in a panel for 30 countries of the OECD (Organization for
Economic Cooperation and Development) find a short-term relationship between energy consumption
and human capital during 1960 and 2000. Huang, Hwang, and Yang [36] also observed a short-term
relationship between human capital and energy consumption by applying a VAR model (Vector
Autoregression) for a panel of 82 countries worldwide, classified by their income level. Similarly, Salim,
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Hassan, and Shafiei [37] find a short-term equilibrium relationship between energy consumption and
human capital by using panel data co-integration techniques.

Regarding the growth level of countries, Inglesi-Lotz and del Corral Morales [38], in their analysis
for a group of developed and developing countries in the period 1980–2013, observed the existence of a
unidirectional relationship from education towards consumption. In addition, they indicate that energy
consumption increases with higher levels of education in developing countries, compared to developed
countries, where energy consumption decreases with higher levels of education. Pablo-Romero and
Sánchez-Braza [39], from a geographical point of view, use panel data from 38 countries for the 1995 to
2007 period, observing a high substitutability level between human capital and energy consumption.

The second group of research examines the oil price as a determinant of energy consumption,
since according to Huntington [40], the oil price is one of the main determinants of energy demand.
Authors such as Moshiri [6], and Moshiri and Martínez Santillán [7], support this statement and
establish that the reduction of energy consumption, due to an increase in its price, depends on the
household income level. In the same vein, we find the works of Sarkodie and Adom [8], which by using
the NIPALS method (Non-Linear Iterative Partial Least Squares) show that the energy price favors
reducing its consumption. Valizadeh, Sadeh, Javanmard, and Davodi [41] analyze petrochemical
energy consumption in Iran through the application of an ARDL model (Autoregressive model with
Distributed Delays). The results show a significant effect on energy consumption regarding its price.
With the same methodology, Shahbaz, Gozgor, and Hammoudeh [3], indicate that the energy price and
energy consumption are co-integrated in the long term, and increases in the energy price lead to a
decrease in demand.

Regarding the most developed countries, Lee and Chiu [42] analyzed 24 OECD countries through
a PSECM panel (Panel Smooth transition regression model with the error-correction term), finding that
the energy price and energy consumption are co-integrated in the long term. Similarly, Gately and
Huntington [43], for 96 economies around the world, found that the energy consumption of the OECD
countries is more sensitive to increases than decreases in energy prices. Thus, Bentzen and Engsted [44],
in their study in Denmark for the period 1948–1990, using co-integration and error correction methods,
observed a significant negative effect on energy consumption, caused by an increase in the oil price.
In contrast, the study by Yuan, Liu, and Wu [45], who define the hypothesis that an increase in the
energy price will decrease the consumption of industrial sectors in the long term, but in the short term
it will increase. The study carried out by Labandeira, Labeaga, and López-Otero [46] is different from
the aforementioned studies, which through a meta-analysis of studies since 1970, considers that there
is an inelastic demand for energy consumption related to energy prices.

Finally, there is a set of studies, mainly for Chinese regions, where the spatial “spills” of the
secondary or manufacturing industry in energy consumption are analyzed from a spatial perspective.
In this context, the works of Jiang, Folmer, and Ji [47], Huang, Du, and Hao [48], Jiang, Folmer, Ji,
and Zhou [49], and Han, Xie, and Fang [50] stand out, where it is evident that an increase in the
participation of the secondary sector in the total production of these regions caused an increase in
energy consumption in the period 2000–2017; and of Hao and Peng [51], where an increase in such
participation did not contribute significantly to energy savings. Similarly, Liu, Lin, Hu, Lu, and Cai [52],
mention that energy consumption in the East of China is affected by the energy consumption of the
Central Region of China. In addition, Jiang, Folmer, Ji, and Zhou [49], through the estimation of
a spatial panel for 29 Chinese provinces in the period 2003–2015, found evidence that the savings
or reduction of energy consumption shows a spatial autoregressive process. Finally, in Huang, Du,
and Hao [48], it was observed that an increase in the energy price produced an increase in energy
consumption in the period 2000–2014, considering a spatial approach.
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3. Data and Methodology

3.1. Data

The data used in this research is obtained from two information sources: From the Statistical
Review of World Energy [11] and the World Bank [12]. Panel data are used for 34 countries in Europe
(26 belong to the European Union) and economic variables are considered to estimate econometric
models, during the period 2000–2016. In all the regressions, the dependent variable is represented by
energy consumption, and the independent variables are human capital and the oil price. In addition,
the following are used as control variables: Gross value added in agriculture, gross value added
in industry, gross value added in services, employment in agriculture, employment in industry,
employment in services, and research and development (R&D) expenditure. In research, such as
Bentzen and Engsted [44], Huang, Hwang, and Yang [36], Huntington [40], Pirlogea and Cicea [53],
Coers and Sanders [4], Lee and Chiu [42], Salim, Hassan, and Shafiei [37], Pablo -Romero and
Sánchez-Braza [39], Moshiri [6], Gately and Huntington [43], Fang and Chang [34], Salim, Yao,
and Chen [2], Inglesi-Lotz and del Corral Morales [38], Wang and Nie [18], Shahbaz, Gozgor, and
Hammoudeh [3], Moshiri and Martínez Santillán [7], Sarkodie and Adom [8], and Bes, ir and Aldea [54],
similar variables were used. All the variables were converted into logarithms in order to eliminate the
heterogeneity in the econometric analysis (except human capital) (Table 1).

Table 1. Definition of the variables.

Variables Definition

Log (Energy consumption) Primary energy consumption (Kilogram of oil equivalent per capita).

Policy Primary energy savings that takes values of “1” if it belongs to the EU
and “0” if not.

Human capital Years of schooling of the population.
Log (Oil price) Price of oil barrel, at constant prices of 2017 US $.

Log (Value added in agriculture) Value added in agriculture, at constant prices of 2010 US $.
Log (Value added in industry) Value added in industry, at constant prices of 2010 US $.
Log (Value added in services) Value added in services, at constant prices of 2010 US $.

Log (Employment in agriculture) Percentage of employment in agriculture of total employment.
Log (Employment in industry) Percentage of employment in industry of total employment.
Log (Employment in services) Percentage of employment in services of total employment.

Log (Research and Development) Activities undertaken to increase the flow of scientific and technical
knowledge (constant 2010 US $).

Source: Data and specifications of the World Bank [12].

Considering that one of the objectives of this article is to analyze the effect of contiguity and
spatial concentration on energy consumption in Europe, the behavior of the main variables is also
analyzed from a spatial perspective. Figure 1 shows that those European countries with the highest
level of human capital, represented by the largest yellow circles, have a low energy consumption level,
represented by the less intense color on the map. On the other hand, Figure 2 shows the evolution of
energy consumption and the oil price in Europe.
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Figure 1. Relationship between energy consumption and human capital in Europe.

Figure 2. Evolution of energy consumption and oil price in Europe.

Finally, Table 2 shows the main descriptive statistics of the dependent variable, the independent
variables, and the control variables, among them: the mean, the standard deviation, the minimum and
maximum values, and the total number of observations.
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Table 2. Descriptive statistics of the variables.

Variable Mean Std. Dev. Min. Max. N

Log (Energy
consumption)

Overall 8.080203 0.5538243 6.427251 9.807975 N = 578
Between 0.5524187 6.75565 9.564859 n = 34
Within 0.1000853 7.619505 8.341815 T = 17

Human capital
Overall 10.78649 1.324494 6.1 13.70181 N = 578
Between 1.214325 6.861587 12.77734 n = 34
Within 0.5662041 8.912348 13.44276 T = 17

Log (Oil price)
Overall 4.208679 0.44449427 3.521414 4.797749 N = 578
Between 0 4.208679 4.208679 n = 34
Within 0.4449427 3.521414 4.797749 T = 17

UE
Overall 0.7647059 0.4245499 0 1 N = 578
Between 0.4305615 0 1 n = 34
Within 0 0.7647059 0.7647059 T = 17

Log (Value added in
agriculture)

Overall 22.22418 1.447231 18.44183 25.141 N = 578
Between 1.460601 18.91101 24.90293 n = 34
Within 0.1424082 21.71601 23.02636 T = 17

Log (Value added in
industry)

Overall 24.48103 1.74011 20.30617 27.68176 N = 578
Between 1.756646 20.56688 27.54817 n = 34
Within 0.1665738 23.81526 25.15466 T = 17

Log (Value added in
services)

Overall 25.39299 1.759867 21.00189 28.47332 N = 578
Between 1.77704 21.77784 28.37365 n = 34
Within 0.1637854 24.61704 25.8756 T = 17

Log (Employment
in agriculture)

Overall 1.827805 0.9113976 0.0953102 3.756538 N = 578
Between 0.9049958 0.2440247 3.648656 n = 34
Within 0.1853086 1.375283 2.3399934 T = 17

Log (Employment
in industry)

Overall 3.228002 0.2445035 2.332144 3.703768 N = 578
Between 0.2275576 2.709302 3.66466 n = 34
Within 0.097136 2.850844 3.591393 T = 17

Log (Employment
in services)

Overall 4.151188 0.1849056 3.427515 4.48074 N = 578
Between 0.1790478 3.604715 4.416045 n = 34
Within 0.0549631 3.971507 4.311132 T = 17

Log (Research +
Development)

Overall 21.40826 2.161992 15.81353 25.77943 N = 578
Between 2.172433 16.81423 25.20842 n = 34
Within 0.292599 20.38957 23.54424 T = 17

3.2. Econometric Strategy

The study was carried out with panel data for the 34 European countries analyzed during the
period 2000–2016, with the purpose of analyzing the effect caused by human capital and the oil price
on energy consumption. The econometric strategy was divided into two parts.

In the first part, with supporting panel data, regressions were made in order to verify the degree
of association and the statistical and economic relationship of the variables in the 34 countries analyzed.
Equation (1) determines the relationship between the dependent variable and the independent variables:

log(ce|it) = β0 + β1chit + β2log(ppit) + εit (1)

where log(ce|it) represents energy consumption, chit is human capital, log(ppit) is the oil price, and εit
is the error term. The subscript it refers to countries i = 1, 2, 3, ..., 34, and to each of the years analyzed
t = 2000, 2001, 2002, ..., 2016.

Next, the Hausman test [55] was applied, which suggests that there is a systematic difference of the
estimators of fixed and random effects (γFE − γ<) and statistically different from 0. This is constituted
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as evidence in favor of the use of a panel model for fixed effects. To determine the suitability of the
model used, the Wooldridge autocorrelation tests [56], Wald heteroscedasticity [57], and Friedman’s
cross-section dependence were additionally performed. Given the existence of heteroscedasticity
and cross-section dependence, the Generalized Least Squares (GLS) procedure is used, which is a
more efficient extension of the Ordinary Least Squares (OLS), in the case of heteroscedasticity and
autocorrelation problems.

Finally, to give the model greater consistency, the control variables were incorporated, obtaining
Equation (2).

log(ce|it) = β0 + β1chit + β2log(ppit) + β3(polit) + β4log(Zit) + εit (2)

where log(ce|it) represents energy consumption; chit is human capital; log(ppit) is the oil price; (polit) is
the dummy variable that reflects the effect of the implementing the energy saving policy for European
Union countries; log(Zit) represents all the control variables: Gross value added in agriculture,
gross value added in industry, gross value added in services, employment in agriculture, employment
in industry, employment in services, and research and development (R&D) expenditure; and εit is the
error term.

In the second part, to capture the effect of the spatial dependency detected, spatial econometric
modelling was used, which is based on the application of a Spatial Durbin Model (SDM), developed by
Anselin [13]. It is a mixed cross-regression autoregressive mixed model of spatial regression, similar
to time series models, which contains the spatial autoregressive model (SAR), and also includes the
spatial lag of independent variables (LeSage and Pace [28]).

Following LeSage and Pace [28], Equation (3) includes the formulation of the SDM model to be
estimated in this paper:

log(ce|it) = β0 + β1chit + β2log(ppit) + β3log(Zit) + wlog(ceit) + wlog(Xit) + εit (3)

where log(ce|it) represents energy consumption; chit is human capital; log(ppit) is the oil price; log(Zit)

represents all the control variables: Gross value added in agriculture, gross value added in industry,
gross value added in services, employment in agriculture, employment in industry, employment in
services, and research and development (R&D) expenditure; w is the square matrix of the so-called
“queen” spatial “weights”, which considers those countries that share at least one point of their
geographical border as neighbors (assigning the value of “1” to those countries and “0” to the rest);
wlog(ceit) is the spatial lag of the energy consumption dependent variable; wlog(Xit) represents the
spatial lag of the matrix of independent and control variables; and εit is the error term.

4. Results

The panel model has been estimated by fixed effects, considering both the temporal dimension
and the cross-sectional dimension, for the total number of countries (Total), for the countries of the
European Union (EU), and for countries that are not part of the European Union (NUE). The validity
of the model was verified by the Hausman test [55] and the statistical significance of the coefficients of
the dummies corresponding to the two dimensions of the panel initially mentioned (Table 3).

Table 3 shows that energy consumption in Europe (Total) and in the European Union (EU)
depends negatively on human capital, a 1% increase in human capital generates a reduction in energy
consumption by 0.027% in Total and 0.0291% in the EU. These results coincide with the works of
Shahbaz, Gozgor, and Hammoudeh [3], Salim, Yao, and Chen [2], Li and Lin [35], who highlight the
existence of an indirect relationship between energy consumption and human capital. Inglesi-Lotz
and del Corral Morales [38] also make a classification between developing and developed countries,
highlighting the negative relationship between the variables mentioned for this last group, unlike what
happens in developing countries, where a positive relationship is established, similar to the results we
obtained for countries that are not part of the European Union (NEU), in which an increase of 1% of
human capital causes an increase of 0.135% of energy consumption.
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Table 3. Results of the panel estimate by fixed effects (main variables).

Variables Total EU NEU

Human capital −0.0270 * −0.0291 *** 0.135 *
(−2.20) (−3.13) (2.44)

Oil price 0.102 −0.321 0.357
(0.46) (−1.92) (0.44)

Constant 6.621 *** 9.702 *** 3.939
(9.16) (17.28) (1.56)

Chis square (p-value) 0.0000 0.0000 0.0000
Serial correlation test (p-value) 0.8129 0.6944 0.8260

Cross-sectional independence (p-value) 0.0000 0.0000 0.2244
Fixed effects (time) YES YES YES
Fix effects (country) YES YES YES

Observations 578 442 136

Notes: t statistics in parentheses * p < 0.05, ** p < 0.01, *** p < 0.001.

Regarding the oil price, one of the main determinants of energy consumption, according to Wang,
Su, Li, and Ponce [58], Sarkodie and Adom [8], Valizadeh, Sadeh, Javanmard, and Davodi [41], Shahbaz,
Gozgor, and Hammoudeh [3], Gately and Huntington [43], and Bentzen and Engsted [44], which
coincides in stating that the price of energy has a negative impact on energy consumption, particularly
in this case that relationship is met, and the variable is statistically significant (at a level of significance
of 10%), but only in the case of countries of the European Union. An increase of 1% in the price of oil
generates a reduction of 0.321% of energy consumption in this group of countries.

Once the model was estimated, diagnostic tests were performed to validate the robustness and
reliability. Specifically, the autocorrelation tests of Wooldridge [56], Wald’s heteroscedasticity [57],
and Friedman’s cross-sectional dependence (ideal for panels with N > T) were performed.
The corresponding p-values indicate that the estimation in Table 3 shows some “problems” of
autocorrelation, heteroscedasticity, and cross-section dependence, mainly for the complete panel
(Total) and for that of European Union countries (EU). Wooldridge [59] points out that there are
“robust to heteroscedasticity” methods that generate statistics that work regardless of the type of
heteroscedasticity present in the population analyzed and that also consider the presence of serial
autocorrelation, specifically recommending the use of Generalized Least Squares (GLS), given the
inability of OLSs to generate unbiased and consistent estimators, in the presence of these problems.
Table 4 shows the results of this type of estimate for the case of this work.

The results in Table 3 provide an initial approximation of Europe’s behavior regarding energy
consumption. However, to determine the impact of the energy saving policy on the European Union,
a dichotomous variable that assigned the value of “1” to those countries that are part of this Union was
included in the estimation by GLS shown in Table 4 and “0” to those countries that are not part of it,
along with the rest of the control variables. There is evidence that the “Policy” variable is statistically
significant and indicates that European Union countries have, in fact, reduced their consumption level
in the period 2000–2016 (given the negative sign of the variable). The “human capital” variable is not
statistically significant.

On the other hand, the oil price is statistically significant and of a negative sign. An increase
in the oil price by 1% generates a decrease of 1.316% in energy consumption. Finally, the gross
value added in industry (manufacturing), the gross value added in services, employment in industry,
and employment in services show a statistically significant and positive relationship with energy
consumption: An increase of 1% of each of these variables produces an increase of 0.128%, 0.306%,
0.259%, and 0.243%, respectively, of energy consumption in the European countries analyzed.
In summary, the oil price generates a decrease in the use of energy in Europe, as opposed to
the gross value added and employment in industry and services, whose increases increase energy
consumption in the countries analyzed.
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Table 4. Results of the panel estimate (complete) for fixed effects (Evaluation of energy efficiency policy
plus control variables).

Variables GLS

Policy −1.311 ***
(−5.40)

Human capital −0.0100
(−1.13)

Oil price −1.316 ***
(−5.11)

Value added in agriculture −0.00161
(−0.11)

Value added in industry 0.128 ***
(4.25)

Value added in services 0.306 ***
(6.57)

Employment in agriculture 0.0251
(1.29)

Employment in industry 0.259 ***
(4.92)

Employment in services 0.243 **
(2.30)

Research + Development −0.00706
(−0.77)

Constant 0.734
(0.88)

Chis square (p-value) 0.0000
Serial correlation test (p-value) 0.6706

Fixed effects (time) YES
Fix effects (country) YES

Observations 578

Notes: t statistics in parentheses * p < 0.05, ** p < 0.01, *** p < 0.001.

Continuing with the analysis and considering the existence of a regional energy policy in the EU
and the presence of cross-section dependence in the entire panel and in the group of countries that
make up this Union (Table 3), a spatial econometric model is estimated, in order to establish the spatial
dependence on energy consumption. According to LeSage and Pace [28], spatial dependence reflects
a situation in which the values observed in a location or region, for example, observation i, depend
on the values of its neighbors in nearby places. In other words, it aims to determine the existence of
“spills” in the implementation of the energy policy in the period analyzed, taking into account the
spatial behavior of the explanatory variables used.

Table 5 shows the results of the Spatial Durbin Model (SDM) [60], which considers the presence of
temporal autocorrelation and heteroscedasticity in its estimation.

First, it is observed that the temporal lag of the spatially weighted dependent variable: (L.Wlce) is
statistically significant, indicating that energy consumption in Europe not only presents a temporal
autoregressive process, but also a spatial one. It is observed that the behavior of energy consumption
in a given country depends not only on its past values over time, but also on the consumption level
of its neighbors, corroborating the efficiency of the energy policy in the European Union. These
results are similar to those of Jiang, Folmer, Ji, and Zhou [49], where the estimation of a spatial panel
model for 29 Chinese provinces in the period 2003–2015 showed that the effectiveness of the policy
of saving or reducing energy consumption depends significantly on the spatial “spills” between
neighboring provinces.
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Table 5. Dynamic SDM model estimation for fixed effects (Only statistically significant variables).

Variables SDM

Main

L.Wlce
0.387 **
(3.04)

Spatial

rho
0.192 *
(2.21)

Variance

sigma2_e 0.00470 ***
(17.47)

Wx

Human capital −0.138 ***
(−3.91)

Renewable Energy Price −0.0446 *
(−2.28)

Value added in industry 0.223 *
(2.05)

Value added in services
−0.381 **
(−2.74)

Employment in industry −0.520 ***
(−3.42)

Employment in services 0.703 *
(2.49)

Observations 544
AIC −1372.3
BIC −1307.8

Notes: t statistics in parentheses * p < 0.05, ** p < 0.01, *** p < 0.001.

On the other hand, human capital is statistically significant and of a negative sign, noting that its
increase, considering the effects of contiguity and spatial concentration, decreases energy consumption;
a 1% increase in human capital reduces energy consumption by 0.138%. With regard to the oil price,
a statistically negative influence on energy consumption in Europe is observed, denoting the presence
of negative spillovers in the case of this variable; an increase of 1% decreases energy consumption by
0.0446%. This result is contrary to what was found by Huang, Du, and Hao [48], where an increase in
the energy price generated an increase in energy consumption for the Chinese provinces in the period
2000–2014, in the context of the estimation of a spatial panel.

The analysis of the control variables enables one to observe that the value added in industry and
employment in services has a statistically positive relationship with respect to energy consumption,
as in the estimation of Table 4. This confirms that the growth of these economy sectors depends
significantly on energy consumption. Therefore, a 1% increase in these two variables increases the
value of the dependent variable by 0.223% and 0.703%, respectively.

These results are similar to those obtained in Jiang, Folmer, Ji, and Zhou [49], Huang, Du,
and Hao [48], and Han, Xie, and Fang [50], where an increase in the participation of the secondary
sector in the total economic activity generated an increase in energy consumption for the Chinese
regions analyzed in the period 2000–2017, in the spatial panel model. However, they are the opposite
to those found in Hao and Peng [51], where an increase in this participation was not statistically
significant in the variant of the estimated Spatial Durbin Model. Finally, the value added in services and
employment in industry are statistically significant and have a negative impact on energy consumption
in Europe: An increase of these variables by 1% causes a reduction in energy consumption in Europe
of 0.381% and of 0.520%, respectively.
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5. Conclusions and Policy Recommendations

This study analyzed the effect of human capital and the oil price on the energy consumption
of 37 countries of the European continent, belonging and not belonging to the European Union.
With the help of explanatory variables and the contribution of temporary dummies and by country,
the hypothesis that human capital and the oil price lead to a decrease in energy consumption is verified,
both in Europe (Total) and in the European Union (EU) in the panel model for fixed effects. The results
show that a variation in the levels of human capital and oil prices of a European country generate
inverse changes in energy consumption, so an implication of economic policy suggests improvements
in the education system, training, and education of human capital, since it will contribute to the
reduction of energy consumption in the poorest European countries.

Regarding the results of the Spatial Durbin Model, it can be observed that the “energy consumption”
variable shows a spatial autoregressive process. In addition, the statistical significance of temporal
delay also demonstrates the existence of a temporary autoregressive process. In other words, the energy
consumption of the European Union in the analyzed period depends not only on its past values,
but also on the spatial interaction between the countries analyzed. The oil price, the value added
in services, and employment in industry have statistically negative spatial effects, an increase in
these variables reduces the energy consumption of the analyzed data panel; unlike the value added
in industry and employment in services that have a statistically positive relationship with energy
consumption: An increase in these two variables increases energy consumption.

Considering that the effect of the reduction in consumption caused by human capital is higher in
the SDM (Table 5), coordination between government agencies responsible for education in Europe
is suggested, in order to generate policies aimed at generating positive synergies in the academic
results of the countries analyzed, mainly in those countries that are not part of the European Union,
which could benefit significantly from the positive spatial externalities of a more efficient educational
policy. With regard to production and employment by economic sectors, the implementation of policy
measures aimed at energy saving is proposed, that is, to promote an increasingly less energy-dependent
production and the development of the renewable energy sector, this due to the fact that even an increase
in the employment of services causes an increase in the energy consumption in the countries analyzed.
It is likewise recommended to generate incentives that contribute to the promotion of employment and
production of the manufacturing industry since it tends to reduce energy consumption, due to the
gradual decrease in the use of fossil energies for the productive processes of the developed countries
of this part of the world. In this context, it is suggested the implementation of policies aimed at
the development of technology services and high added value, which according to the results also
contribute to energy saving. One of the limitations of this study is that the country classification was
not carried out according to their income level, so as to evaluate the effects of energy consumption
based on heterogeneity shown by each country. Finally, among the extensions of the document, it is
suggested to extend the period to better analyze the problems related to short panels, and include
variables that approximate the effect of environmental policy on the variations of the level of well-being
of European countries.
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