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Abstract: The energy industry has a major impact on the sustainability level of global economies, from
job creation to resource efficiency and environmental impact. The aim of our study was to examine
the phenomenon of energy production and its main determinants in 37 European economies during
the period of 2011-2021. The methodological approach entailed the use of the panel first-difference
generalized method of moments (GMM). The empirical results show that the relationship between
energy production and predictors such as imports, energy prices, energy productivity, and energy
efficiency was monotonic. At the same time, our results indicate a relationship between energy supply
and energy production, imports, productivity, and prices. Moreover, energy production depends
significantly on the energy productivity, primary energy consumption, and energy imports.

Keywords: economic growth; energy supply; productivity; imports; prices; capacity of production

1. Introduction

Aristotle, the Greek philosopher, stated that the “energy of the mind is the essence of
life”. Paraphrasing the philosopher’s words while regarding the energy industry, one could
state that energy production and consumption is a sine qua non ingredient for business life
and daily activities. For this reason, changes in the energy market are of utmost importance
for businesspeople, national and regional authorities, and regular household consumers.
Every so often, the energy market undergoes considerable disruptions because of various
factors (e.g., armed conflicts; economic slowdowns; natural calamities; poor infrastructure
and distribution; localized shortages of fossil fuels; energy waste). As a sensible response,
businesses and households need to promptly react and adapt to the new realities of the
market. In this context, substantial energy price fluctuations can heavily affect everyday
business activities, wind down daily production, hinder distribution, and generally impact
consumers’ purchasing power.

Taking into account the current situation of the energy market triggered by the upsurge
in energy prices, the topic of this research study is both timely and important. The novelty
of the endeavor is that it investigates relevant factors that drove energy production across
37 economies in Europe during the period of 2011-2021. The choice of the sample was
motivated by the fact that European economies rank third (after China and the USA) in
energy consumption at a global level [1]. For this reason, the current sample of economies
is broad enough to include both the largest consumers of primary energy on the continent
(Germany, France, and the United Kingdom) and more economical players (Albania,
Luxembourg, and Slovakia). Empirical analyses were conducted with the state-of-the-art
approach of the panel first-difference generalized method of moments due to its multiple
benefits in controlling for endogeneity and heteroscedasticity, among others.

The study aimed to investigate the degree to which energy production was shaped
by different factors, such as imports of electricity and derived heat, electricity prices,
energy productivity, and energy efficiency across European economies. The phenomenon
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of energy production is proxied by the following regressands: gross domestic product,
gross electricity production, total energy supply, and electricity production capacities.

In this context, the first goal of the study was to determine the extent to which energy
supply evolved under the impact of electricity imports, energy productivity, and energy
efficiency. The second goal consisted of examining how physical output (i.e., GDP) was
mainly driven by imports, energy productivity, efficiency, and prices. Moreover, the study
captured the influences exerted on gross energy production and electricity production
capacities, presenting valuable lessons and insights that one can draw from the dynamic
energy sector.

Overall, the present research article aims to provide certain lessons that national and
regional authorities would benefit from in their quest to support economic growth (on the
one hand) and keep a close eye on the energy market (on the other hand) [2-5]. Bearing the
constant pressure of monitoring the evolution of energy prices on behalf of businesses and
private households (at least in recent years), authorities have been called to identify factors
that play an important role in the energy sector and to efficiently use their own energy
resources (fossil fuels and alternative sources) [6-8].

The article is structured as follows. Section 2 dives into the extant literature on energy
production and the related factors of influence, with insights from countries around the
world. Section 3 provides details on the methodological approach and research hypotheses.
Section 4 reports on the empirical results estimated via the panel first-difference generalized
method of moments. Section 4 entails a discussion based on the estimated results and
comparisons with the extant literature, along with concluding remarks, study limitations,
and avenues for future research.

2. Literature Review

The following paragraphs synthesize a number of important lessons regarding the
energy industry and energy production provided by studies conducted on data from
various countries around the world [9-12]. Since the energy market has become more
volatile than before, such lessons serve as a reference point for energy suppliers, public
authorities, industrial and household consumers, international bodies, and NGOs that
support alternative energy sources.

Based on aggregated data from 64 economies, Liao et al. [13] examined the impact
of the investment—GDP ratio on energy use growth during the period of 1972-2019. The
empirical results showed a positive influence of the ratio on the phenomenon.

Abbasi, Abbas, and Tufail [14] focused on the connections among electricity consump-
tion, electricity price, and GDP using data from various economic sectors in Pakistan
(i.e., agricultural, commercial, industrial, and residential). The timeframe spanned from
1970 to 2018. Econometric analyses, which included the Johansen co-integration test and
the vector error correction model (VECM), revealed the existence of a short-run Granger
causality among different sectors. In a similar line of thought, Elder [15] investigated the
extent to which energy prices influenced the productivity of different industries in Canada.
The results showed that price volatility substantially shaped production for companies
operating in mining and extraction, manufacturing, or transportation.

Using data from the Qatari economy, Charfeddine and Barkat [16] analyzed how
oil price shocks and changes in 0il and gas revenues impacted the overall real GDP and
economic diversification in the short and long runs. According to the results, the national
economy reported a short-term asymmetric impact of price shocks. Moreover, long-term
macroeconomic results seemed to be undisrupted by price shocks and revenue shifts.

Raggad [17] focused on US data from 1986 to 2020 in order to investigate potential
causal links among economic activity, energy consumption, and energy prices. The em-
pirical results found no stable causal relationships among the aforementioned variables
over time. Nevertheless, the relationship between economic activity and renewable energy
consumption proved to be significant.
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Vural [18] examined the influence of economic growth, pollution (via the proxy carbon
dioxide emissions), trade, and technological innovation on renewable energy production
from six Latin American countries for the period of 1991-2014. The results indicated
that, with the exception of pollution, all the other variables triggered a positive impact on
energy production.

Using data from 32 OECD countries for the timeframe of 2000-2015, Barerra-Santana,
Marrero, and Ramos-Real [19] advanced an energy efficiency governance index in order
to analyze the two-way relationship between energy consumption and national income
proxied via GDP. In the same vein, Mahalingam and Orman [20] carried out a panel data
analysis on US data to capture the connection between energy consumption and GDP.
Borozan [21] also followed the same research path and found evidence for the link with the
Croatian market during the period of 1992-2010.

Xin-gang and Shu-ran [22] analyzed the impact of electricity prices on energy efficiency
for the Chinese market while controlling for various factors, including the economy, policy,
and other price-related variables. The empirical results showed that there was a strong
positive relationship between price and energy efficiency.

The relationship between energy use and GDP has also raised the interest of scholars.
In this sense, Coers and Sanders [23] employed data from 30 OECD countries across 40 years
and showed that there was a bi-directional connection between per capita energy use and
gross domestic product. Mishra, Smyth, and Sharma [24] examined a panel of Pacific
Island countries and also found a bi-directional connection between energy consumption
and GDP.

Using data from the BRICS countries for the period of 1996-2015, Ndlovu and Inglesi-
Lotz [25] reported on the dynamics of the relationships among GDP, renewable and non-
renewable energy, and R&D expenses. Regarding the same region, Cowan et al. [26]
provided evidence for the links among electricity consumption, economic growth, and CO,
emissions for the period of 1990-2010. The authors concluded that no standard policies
could be enacted for BRICS countries because of different economic contexts.

Abas and Choudhury [27] analyzed the causality between electricity consumption and
economic growth based on data from India and Pakistan. The authors reported that, in the
case of India, enacting strategies that promoted energy conservation would not mitigate the
country’s ongoing economic growth. Unlike the case of India, Pakistani authorities were
called to consider such conservation strategies because it would benefit the national income.

Wada [28] investigated the link between energy production and economic growth from
the causality direction standpoint using data from Saudi Arabia. The author concluded
that economic growth impacted energy production. In this context, the Saudi economy
would benefit a great deal from raising the national income.

Based on data from 22 European economies, Szustak et al. [29] tested the connection
between energy production and GDP growth. The authors reported that the causality
relationship varied across countries. As stated above, because of national circumstances,
the energy policies of European economies are diversified. Nevertheless, these public
authorities should aim for increasing the use of renewable energy sources, especially
considering the potential disruptions of standard energy supply.

Radulescu and Sulger [30] used data from 17 European economies during the period
of 1978-2017 to investigate the relationship between domestic fossil energy production
and imports. The empirical results revealed an indirect relationship between the variables
across the sample. In addition, the authors noticed that investments in domestic energy
capacities were declining since European economies relied on imports to a greater extent.

Amid considerable surges in energy prices, Shepard and Pratson [31] proposed dif-
ferent solutions to mitigate the impact of wavering global supply chains on US energy
production. In this context, the authors favored solutions such as supporting locally pro-
duced goods and services as opposed to imported ones; producing key commodities
domestically by using innovative technologies developed within the country, investing in
energy infrastructure locally, and promoting a similar approach internationally.
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In the same line of thought, Jaeger et al. [32] made the case for investing in renewable
energy production facilities to prevent future spikes in energy prices.

Based on a sample of 28 EU member states analyzed during the period of 2004-2018,
Rokicki and Perkowska [33] focused on the energy balance within the EU. The empirical
results showed that energy imports were less volatile than energy exports, as expected.

Azam et al. [34] conducted a Granger causality analysis on the link between electricity
supply and economic growth with data from Pakistan for the timeframe of 1990-2015.
According to their results, the indicators of economic growth, electricity supply, investment,
and exports were co-integrated. Moreover, the direction of the Granger causality ran from
economic growth to the other variables.

With data from 26 members of the European Union and three benchmark years (2010,
2015, and 2020), Bak et al. [35] examined the pattern of energy use across the union. The
authors reported that Western and Northern European economies displayed a pattern of
rational use compared to other EU members.

Last but not least, Daroni and Wilk [36] focused on 28 EU economies and two bench-
mark years (2017 and 2019) to compare the use of energy sources and their impact on
national energy production. The empirical results suggested that diversifying energy
sources boosted energy production across the union.

3. Materials and Methods

The study was based on a panel data analysis using observations from 37 European
economies over a period of 11 years (2011-2021), namely: Albania, Austria, Belgium, Bosnia
and Herzegovina, Bulgaria, Croatia, Cyprus, Czechia, Denmark, Estonia, Finland, France,
Germany, Greece, Hungary, Ireland, Italy, Kosovo, Latvia, Lithuania, Luxembourg, Malta,
Montenegro, the Netherlands, North Macedonia, Norway, Portugal, Romania, Serbia,
Slovenia, Slovakia, Spain, Sweden, and the United Kingdom. The sample comprises some
of the most important economies on the continent, from the largest consumers of primary
energy (e.g., Germany, France, United Kingdom, and Italy) to the lowest consumers of
primary energy (e.g., Greece, Albania, Luxembourg, and Slovakia) [37].

The choice of the timeframe was motivated by the fact that this period registered a
constant level of overall energy consumption across Europe, in spite of the prior world
financial crisis, as indicated by the World Energy and Climate Statistics Yearbook [38].

Starting from the existing literature, the analyzed phenomenon was energy production
proxied by the following indicators: gross domestic product (GDP); gross electricity produc-
tion (GEP); supply, transformation, and consumption of energy (SE); electricity production
capacities by main fuel groups and operators (CAP). All variables and corresponding
definitions were retrieved from the Eurostat database [39].

Table 1 synthesizes the dependent and independent variables used in the study, with
corresponding symbols and definitions.
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Table 1. Description of variables with symbols and definitions.

Variables Symbol

Variable Definition

DEPENDENT VARIABLES

Gross domestic

product GDP
Gross elecfnmty GEP
production
Total energy supply SE
Electricity production capacities by
main fuel groups and CAP
operators
INDEPENDENT VARIABLES
Imports of electricity and derived heat IMP

Gross domestic product at current prices (%).

The rate compares the quarterly value of

the indicator to the 2010 quarterly value

in order to establish whether an economy
has grown.

Gross electricity production (toe) indicates
the overall amount of electrical energy
produced by transforming other energy
types. It is measured in thousand tons of
oil equivalent (toe) and approximately
equals the energy amount that can be
extracted from one ton of crude oil. Being
a standardized unit, it was assigned a net
calorific value of 41,868 kilojoules/kg and
can be employed to compare energy
amounts from various sources.

Total energy supply (GWh) comprises the
overall energy supply necessary for all
activities within a country, except
international aviation and maritime
bunkers. In other words, the indicator
includes: energy needs for energy
transformation; support operations of the
energy sector; transmission and
distribution losses; final energy
consumption; fossil fuel products use for
non-energy purposes. It may include
other fuels acquired from a country but
used elsewhere (e.g., “fuel tourism” used
for road transport. The term “fuel
tourism” or “pump tourism” refers to the
phenomenon according to which
residents from one country travel to
bordering countries that have lower
prices than their country of residence to
buy fuel [40].).

Electricity production capacities (MW)
measures the electricity amount that a
generator can produce when running at
maximum capacity. The indicator serves
energy utilities to forecast the electricity
load that a generator can handle.

Imports of electricity and derived heat (GWh)
measures the overall energy amount
imported from third countries. Imported
goods comprise petroleum products
(including their main component, i.e.,
crude oil), which represent two-thirds of
energy imports; natural gas; solid fossil
fuels (e.g., charcoal, coal, corn, peat, rye,
wood, wood pellets).
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Table 1. Cont.

Variables

Symbol Variable Definition

Electricity price components for household
consumers (EUR/KWHh) includes taxes,
levies, and VAT. Generally, the electricity

Electricity price components for price in Europe is influenced by various

household
consumers

Energy productivity

Energy efficiency

P factors (geopolitical context, national
energy mix, import diversification,
network and environmental protection
costs, severe weather conditions,
taxation levels).

Energy productivity (EUR/KGOE)
measures the economic benefit a
consumer receives from each unit of
energy used. The indicator is determined
as a ratio of the overall economic output
and energy consumption.

Energy efficiency (millions toe) measures
the degree to which less energy is used to
perform the same task or produce the
same result. In this context,
energy-efficient households and
buildings need less energy to heat, cool,
and run electronics. At the same time,
energy-efficient manufacturing
businesses need less energy to
produce goods.

EP

EFF

Note: Measurement units for each indicator are shown in parentheses.

The workhorse for conducting econometric analyses was EViews version 10.

The methodological approach favored the use of panel first-difference generalized
method of moments (GMM) with cross-section effects due to the benefits regarding the
control of the endogeneity bias, which can emerge from various sources, including the
following: omitted variables, unobserved country heterogeneity, and measurement er-
rors [41,42]. Namely, this approach checks whether explanatory variables are correlated
with error terms, which could ultimately trigger wrong inferences in empirical research [43].
Overall, GMM models are regarded as more efficient than other types of models, including
ordinary least squares (OLS) or weighted least squares (WLS) because they entail a proper
control for heteroskedasticity [44,45].

Regarding the cross-section effects, based on the recommendations in the literature [46,47],
the Hausman test was used to disentangle between the fixed and random effects. In this
case, since the corresponding p-values were significant, the estimated econometric models
included fixed effects.

Multicollinearity was investigated with correlation analysis and the computation of
variance inflation factors (VIFs). Moreover, the Jarque-Bera test was used to examine the
distribution of independent variables. If the test is significant, the independent variables
will be non-normally distributed. Conversely, predictors will be normally distributed.

The study investigated the following research hypotheses, derived from the relevant
literature presented in Section 2:

Hypothesis 1 (H1): There is a significant linear dependence between total energy supply and the
variables gross electricity production, imports of electricity and derived heat, energy productivity,
and electricity price components for household consumers.
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Hypothesis 2 (H2): There is a significant non-linear dependence between gross domestic product
and the variables gross electricity production, imports of electricity and derived heat, energy
productivity, electricity price components for household consumers, and energy efficiency.

Hypothesis 3 (H3): There is a significant linear dependence between gross electricity production
and the variables energy productivity, energy efficiency, imports of electricity and derived heat, and
electricity price components for household consumers.

Hypothesis 4 (H4): There is a non-linear significant dependence between electricity production
capacities and the variables gross electricity production, energy productivity, and energy efficiency.

The general form of the linear econometric model is the following;:
Yir = ao + a1 Xqi + a2 Xoit + a3 Xzt + a4 Xyir + asXsir + 0 + 01 + &5 M

where

ap indicates the intercept;

a; indicates the coefficient of independent variables;

X indicates the independent variables;

i indicates the economy, taking values from 1 to 37;

t indicates the period of analysis (2011-2021);

6; indicates the fixed effects controlling for economy-specific factors;
0; indicates the fixed effects that control for common shocks;

¢;; indicates the error term.

Moreover, the general form of the non-linear econometric model is the following;:
2
Yir = ag + a1 Xqr + ax(Xoir)” + a3 Xzir + asXyir + asXsie + 0; + 0 + & ()

where

ap indicates the intercept;

a; indicates the coefficient of independent variables;

X indicates the independent variables;

i indicates the economy, taking values from 1 to 37;

t indicates the period of analysis (2011-2021);

6; indicates the fixed effects controlling for economy-specific factors;
0; indicates the fixed effects that control for common shocks;

¢;; indicates the error term.

4. Empirical Results

The following section reports on the various analyses conducted for the purpose of the
study: descriptive statistics; correlation analysis; panel first-difference generalized method
of moments.

4.1. Descriptive Statistics

Table 2 displays the values corresponding to the descriptive statistics: mean, median,
standard deviation, minimum and maximum values, skewness, kurtosis, the Jarque-Bera
test, and corresponding probability.
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Table 2. Descriptive statistics.

GDP GEP SE CAP IMP P EP EFF
Mean 114.578 8.027 10.443 9.226 8.964 0.095 1.704 46.774
Median 111.220 8.095 10.379 9.314 9.097 0.078 1.733 18.270
Maximum 211.450 10.934 13.196 12.313 10.839 0.343 3.118 308.290
Minimum 77.310 4.299 7.574 6.163 5.961 0.034 0.523 0.710
Std. dev. 17.092 1.584 1.471 1.503 1.013 0.061 0.553 68.751
Skewness 1.581 —0.069 0.034 0.089 ~0.553 2.086 —0.137 2.149
Kurtosis 7.671 2.072 2.043 2.119 2911 8.118 2.357 7.013
J s 486.539 13.441 13.956 12.289 17.492 330.174 7.429 527.493
Probability 0.000 0.001 0.001 0.002 0.000 0.000 0.024 0.000
Sum 42,049.96 2,937.743 3,801.090 3,376.659 3,056.671 17.379 621.888 17,119.20
ng:vsq. 1069193 915.423 785.870 824.979 348.556 0.673 111305 1,725,248
Obs. 367 366 364 366 341 182 365 366
Note: “Obs.” indicates the number of valid observations corresponding to each variable.

As a general rule, descriptive statistics convey an idea about the distributions of the
variables. As indicated by the standard deviation values, the variables energy efficiency,
gross domestic product, and gross electricity production reported the highest volatility,
while electricity price components and energy productivity reported the lowest volatility.
At the same time, by comparing the skewness levels, it is clear enough that five variables
were right-skewed, while the other three were left-skewed. In terms of kurtosis, most
variables had platykurtic distributions (a metric below 3). The Jarque-Bera calculations
suggest that all variables had non-normal distributions.

4.2. Correlation Analysis

Correlation analysis was conducted to detect potential biases stemming from the links
between the predictors within each econometric model.

As indicated by Table 3, the highest significant correlation between two independent
variables in a model was established between energy efficiency and gross electricity pro-
duction (0.77), while the lowest significant correlation was set between energy efficiency
and energy productivity (0.36). Since none of the correlations were above the standard
cutoff value of 0.9, the conclusion was that multicollinearity would not bias the estimated
results. To support this conclusion, the variance inflation factors were computed for each
model (see Table 4).

Table 3. Correlation analysis.
GDP GEP SE IMP P EP EFF CAP

GDP 1
GEP —0.302 1

SE —0.318 0.981 1
IMP —0.598 0.608 0.690 1

p —0.002 0.131 0.141 0.003 1

EP —-0.136 0.436 0.516 0.472 0.203 1
EFF —0.135 0.774 0.795 0.478 0.233 0.357 1
CAP -0.315 0.979 0.989 0.659 0.134 0.529 0.799 1
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Table 4. Econometric models.

Model Model Model
VIF Model SE VIF GDP VIF GEP VIF CAP
0.5463 ***
SE(=1) ) (3.3737) ) ) ) ) ) )
0.1397
SE(=2) ) (1.0825) ) ) ) ) ) )
—0.6794
GDP(=1) ) ) ) (—1.5284) ) ) ) )
5.5903 *
GDP(=2) ) ) ) (1.9459) ) ) ) )
—0.0429
GEP(-1) ) ) ) ) ) (—1.0024) ) )
—0.0057
GEP(-2) ) ) ) ) ) (—0.1829) ) )
0.3077 ***
CAP(-1) ) ) ) ) ) ) ) (18.0193)
0.0226 ***
CAP(=2) ) ) ) ) ) ) ) (6.7834)
—0.1744 ** 0.0005 0.5361 ***
GEP 1.6873 (_2.9124) 3.1238 (0.1685) 2.6514 (8.8026)
—5.3400 *** —0.0306 ***
GEP2 - - 2.3846 (32314) - - 3.3861 (_7.1159)
—0.0847 *** —0.0002 —0.1667 ***
IMP 1.7800 (_5.0465) 1.7478 (—0.4685) 1.5069 (—15.7261) - -
—0.4632 *** 5.2774 *** 148.7881 ** 0.3279 ***
EP 1.4087 (_53143) 1.4134 (4.6729) 1.4122 (2.4304) 1.2256 (15.0403)
1.0333 *** 102.9887 *** 0.0005 *
EFF - - 3.2752 (5.2198) 1.4200 (17.7081) 2.5399 (1.8829)
—0.2758 29.3091 2512.065 ***
P 1.0696 (_0.5286) 1.1169 (09489) 1.1899 (2.8323) - -
White
Cross-
section
standard - Yes - Yes - Yes - Yes
errors and
covariance
(d.f.
corrected)
Cross-
section - Fixed - Fixed - Fixed - Fixed
effects
Time fixed ; No . No ; No ) No
effects
R-squared - 0.9997 - 0.8458 - 0.9996 - 0.9942
Adjusted - 0.9995 - 0.7447 - 0.9993 - 0.9934
R-squared
Hansen - 13.8964 - 225916 - 14.8142 - 31.9341
J-statistic
Prob.
(J-statistic) - 0.3812 - 0.0468 - 0.4649 - 0.4700
AR (1) - 0.5594 - 0.0015 - 0.0899 0.4922
AR (2) - 0.3595 - 0.3335 - 0.3492 - 0.4288

Source: Own computations. Note: The outcome variables are GDP, GEP, SE, and CAP for country i in the  year.
Robust t-statistics are shown in parentheses. *, **, and *** denote statistical significance at the 10%, 5%, and 1%
levels. For each econometric model, multicollinearity was examined by means of the variance inflation factor
(VIF), and all VIF values were below the standard cutoff point of 10. Consequently, the conclusion was that
multicollinearity did not bias the econometric estimates. In addition, the White cross-section test rejected the null
hypotheses of heteroscedasticity for each of the econometric models.
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4.3. Econometric Analysis

This subsection reports on the estimated results via the panel first-difference general-
ized method of moments (GMM).

In terms of the first econometric model investigating total energy supply (SE), the
panel first-difference generalized method of moments (GMM) indicates that two of the
independent variables had a significant impact on SE (99.95%): imports of electricity and
derived heat, and energy productivity. Namely, if IMP decreased by one GWh, total energy
supply increased by 0.08 GWh. At the same time, in the event that energy productivity was
lowered by one unit, total energy supply increased by 0.46 GWh.

When using generalized method of moments estimators, which entail instrumental
variables, the Hansen J-test is a tool that investigates the validity of instruments. It is also
labeled as the test of “overidentifying restrictions” or the “Sargan-Hansen test”. In addition,
in a panel data analysis, the Arellano-Bond metric aims at investigating whether residuals
in an econometric model are serially correlated. Based on the Hansen J-statistic (p = 0.381)
and the results of the Arellano-Bond metric for AR (1) and AR (2) (see Table 4), it could be
stated that the combined effect of the independent variables was statistically significant. In
other words, the estimated econometric model is valid and the first research hypothesis
(H1) is supported.

The second econometric model, which investigated gross domestic product, indicated
that GDP was significantly influenced by independent variables (74.47%). In this sense,
energy productivity and energy efficiency played the most important part, along with GEP2.
Hence, when EP and EFF registered a positive trend, GDP followed the same path with
increases of 5.23 units and 1.03 units, respectively. The Hansen J-statistic value (p = 0.047)
and the results of the Arellano-Bond tests for AR (1) and AR (2) support the idea that the
advanced econometric model is valid from a statistical perspective.

The study also investigated the dynamic of the relationship between GDP and GEP
across economies and for each economy in particular (see Figures 1 and 2). The square of
GEP captures the non-monotonic (non-linear) relationship between GDP and GEP. That is,
a possible improvement in the conventional energy models would be to incorporate trend
variations in GEP into the econometric model using a quadratic function.

o

100

794 79 798 8.00 8502 {04 BO06

Figure 1. The relationship between GDP and GEP across the 37 European economies.

g.08
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Figure 2. The relationship between GDP and GEP at the national economy level.

Since the coefficient of GEP?2 was below 0, it can be stated that the econometric
estimation revealed a maximum point in the relationship between GDP and GEP. Starting
from this level of gross electricity production, GDP tended to decrease until its minimum
threshold of production. Hence, the second research hypothesis (H2) is supported, as
displayed in the following two figures.

By analyzing Figure 2, which illustrates the connection between GEP and GDP for
each economy, the following observations can be drawn:

e  There is a U-shaped relationship with maximum points for the following economies:
Croatia, Finland, France, Greece, Hungary, Italy, Malta, North Macedonia, Serbia,
Slovenia, Spain, and Sweden;

e  There is a U-shaped relationship with minimum points for the following economies:
Albania, Belgium, Czechia, Germany, Lithuania, Poland, Montenegro, and Romania;

e  There is a direct linear connection for the following economies: Austria, Bosnia and
Herzegovina, Cyprus, Iceland, Ireland, Kosovo, Latvia, the Netherlands, Norway,
Portugal, and Turkey;
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e  Thereis an indirect linear connection for the following economies: Bulgaria, Denmark,
Estonia, Luxembourg, Slovakia, and the United Kingdom.

As can be noticed, the majority of countries registered a non-linear connection between
gross domestic product and gross electricity production.

The third econometric model investigating gross electricity production (GEP) showed
that the phenomenon was considerably influenced by the chosen predictors (99.96%).
Hence, imports of electricity and derived heat, energy productivity, energy efficiency, and
electricity price were relevant variables. Only IMP had a negative influence on GEP: when
IMP decreased by one GWh, GEP improved by one ton of crude oil. At the same time,
the impact of EP, EFF, and P was positive. Namely, if all variables improved by one unit,
the overall level of GEP would follow the same trend with 148.79 units, 102.99 units, and
2512.07 units. The values of the J-statistic and Arellano-Bond tests for AR (1) and AR (2)
support the idea that the econometric model is valid from a statistical standpoint. Therefore,
the third research hypothesis (H3) is supported.

Last but not least, the fourth model, which focused on the electricity production
capacities (CAP), indicated that, as expected, CAP was shaped by energy productivity and
energy efficiency in the same fashion (99.34%). In this sense, if EP was augmented by one
unit, CAP was also improved by 0.33 units. In the event that EFF increased by one unit,
CAP slightly increased by 0.0005 units. Similarly to the other models, the [-statistic and
tests for AR (1) and AR (2) support the validity of the econometric model.

Again, the dynamic of the relationship between CAP and GEP across economies and
for each national economy was examined (see Figures 3 and 4). The square of GEP captures
the non-monotonic relationship between CAP and GEP. That is, a possible improvement
in conventional energy models would be to incorporate trend variations in GEP into the
econometric model using a quadratic function.

Since the coefficient of GEP? was below the 0 threshold, it can be stated that the
econometric estimation revealed a maximum point in the relationship between CAP and
GEP. Starting from this level of gross electricity production, CAP tended to decrease until
its minimum level. The fourth research hypothesis (H4) is supported, as illustrated by the
following two figures.

9.25

9.26

9.24 1

9224 o

9.20 1

o

|
794 796 798 800 802 8504 806 503

Figure 3. The relationship between CAP and GEP across 37 European economies.
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Figure 4. The relationship between CAP and GEP at the national economy level.
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By analyzing Figure 4, which illustrates the connection between GEP and CAP for
each national economy, the following observations can be drawn:

There is a U-shaped relationship with maximum points for the following economies: Al-
bania, Bulgaria, Croatia, Czechia, Lithuania, Luxembourg, Malta, Slovenia, and Sweden;
There is a U-shaped relationship with minimum points for the following economies:
Belgium, Denmark, Germany, Italy, Hungary, Latvia, Poland, Portugal, and Serbia;

There is a direct linear connection for the following economies: Austria, Bosnia and
Herzegovina, Cyprus, Estonia, Kosovo, Iceland, Ireland, Montenegro, the Netherlands,
Norway, Romania, Slovakia, Turkey, and the United Kingdom;
There is an indirect linear connection for the following economies: Finland, France,
Greece, North Macedonia, and Spain.

According to Figure 4, half of the countries in the sample reported a non-linear
relationship between electricity production capacities and gross electricity production.
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5. Discussion and Conclusions

The energy market plays a crucial role in today’s economies because it impacts all
economic and household activities [48]. For instance, when energy prices register soaring
levels, the first sectors to be affected are aviation, shipping, and the chemical industry.
At the same time, they also trigger second-round effects on industries such as food and
hospitality [49]. Last but not least, constant changes in the energy market are reflected in
the final prices of all goods and services traded at the global level.

This empirical study investigated the determinants of energy production across 37 Eu-
ropean countries for the period of 2011-2021. The methodological approach was grounded
on panel first-difference generalized method of moments (GMM), which is recommended
in the literature due to the multiple benefits it entails with respect to the estimated results.
Namely, GMM estimations control for endogeneity, unobserved country heterogeneity,
measurement error, and omitted variable bias.

Energy production was proxied by the following variables: gross domestic product;
gross electricity production; total energy supply; electricity production capacities. The set of
determinants included the following variables: imports of electricity and derived heat; elec-
tricity price components for household consumers; energy productivity; energy efficiency.

EViews version 10 provided the statistical framework to test the four research hypothe-
ses, while Eurostat provided the economic indicators for the analyzed timeframe.

The novelty of the research stems from the fact that it offers insight into energy pro-
duction in a wide sample of European countries for more than a decade. The econometric
estimations support the four research hypotheses and show that the chosen predictors had
a significant impact on energy production. In a nutshell, the study elicited a relationship
between energy supply and energy production, imports, productivity, and prices. In addi-
tion, energy production was significantly shaped by energy productivity, primary energy
consumption, and energy imports.

As with any research study, the present investigation has certain limitations that need
to be addressed. In the first place, the sample numbered 37 countries from Europe yet
it did not include some major consumers on the continent. Future studies could enlarge
the sample and also test the hypotheses in countries from different continents. Second,
the timeframe spanned 11 years, starting with 2011. Upcoming research might consider
expanding the period of analysis by adding at least one decade or even by including periods
of energy crises. Third, the set of independent variables was focused on energy-related
indicators. Other studies might broaden predictors by considering other factors that impact
energy production.

The study entails a number of important lessons for policymakers. First, European
public authorities should consider energy production when designing energy demand-
related policies on the account that energy production can limit energy consumption
while helping to conserve resources and reduce environmental degradation. Second, in
order to boost GDP in the long run, governments should considerably enhance energy
productivity and efficiency through innovation and technological advancement. In this
sense, it is presumed that renewable energy sources will play an important part. Third,
electricity production capabilities would register an ascending trend should efficiency and
productivity improve.

Overall, this research study tackled a fundamental and timely topic for all business
and household activities, especially within the current context of the European energy crisis.
The thriving or survival of national economies across Europe will heavily depend on how
decision-makers design policies by leveraging energy imports, energy prices, and energy
efficiency within the sector. At the end of the day, energy can be regarded as the “fuel”
that spins the wheels of national economies, and any disruptions in the energy market
reverberate at all levels of an economy.
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