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Abstract: Energy imports and the transition to renewable energy sources are of critical importance in
the current geopolitical context, which necessitates concrete actions to tackle the energy crisis at the
European Union level. This study aimed to explore the impact of imported non-renewable energy
resources on the EU-27 economy. It examined the correlations and causal relationships between the
GDP, the GVA, R&D investments, and energy imports from 2000 to 2021. Data normality was assessed
using the Shapiro-Wilk test, while Pearson’s test identified correlations between variables. Linear
and multiple regression analyses were conducted to determine the effects of changes in independent
variables on dependent variables. The study found a strong association between natural gas imports
and the GDP, with increases in GDP leading to a more-than-fourfold rise in imports. Furthermore,
a multiple regression analysis indicated that a 1% increase in R&D investments results in a 2.21%
decrease in fossil fuel imports in 91.7% of cases. This suggests that R&D investments contribute to
improved efficiency and the use of renewable energy sources.

Keywords: energy imports; gross domestic product; gross value added; research and development
investments; renewable energy; European Union

1. Introduction

Global electricity consumption is expected to rise by 60% by 2030, partly due to the in-
creased usage of equipment, appliances, lighting, and other energy-consuming devices [1].
The introduction of new products and technologies has expanded access to modern conve-
niences and improved the quality of life worldwide. However, the corresponding surge
in energy demand presents challenges for governments striving to satisfy demand while
addressing environmental pollution and fighting climate change.

Media coverage frequently portrays energy-import dependency negatively. Concur-
rently, one of the key objectives of the European Green Deal is to reduce energy dependency
by 2050. A 2021 study highlights the geopolitical implications of the Green Deal, suggesting
that moving away from fossil fuel dependency may economically and politically destabilize
regional partners [2]. The current political context, marked by embargoes on fossil fuel
imports and the RePowerEU plan to eliminate dependence on Russian imports by 2030 [3],
raises questions about the economy’s impact. Recent studies indicate that the potential
economic effects of energy-import embargoes range from low to significant [4,5].

This study aimed to explore the influence of the economy (GDP) and individual
sectors (GVA) on different types of energy imports in the EU-27. While GDP represents the
economy’s strength, GVA measures each sector’s contribution [6]. In the present study, the
investments in research and development (R&D) sectors were also included.

Energies 2023, 16, 5177. https:/ /doi.org/10.3390/en16135177

https:/ /www.mdpi.com/journal/energies


https://doi.org/10.3390/en16135177
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/energies
https://www.mdpi.com
https://orcid.org/0000-0003-3130-7163
https://orcid.org/0000-0003-4921-7166
https://orcid.org/0000-0002-2687-3163
https://doi.org/10.3390/en16135177
https://www.mdpi.com/journal/energies
https://www.mdpi.com/article/10.3390/en16135177?type=check_update&version=1

Energies 2023, 16, 5177

20f18

The data show that Europe produced only 39% of the available energy in 2019, and
the rest was imported [7]. As a result, the GDP can also be influenced by the prices of
imported fuels in EU-27. The example of the Russian—-Ukrainian conflict speaks for itself
when studying the effects of energy imports over European economies. The decrease
independency on non-renewable energy that comes with high carbon emissions is one of
the main points of the Green Deal [8].

One study that comprises data from 23 developed and developing countries shows
that a 1% increase in energy imports will increase the GDP by 1.171% in the long term [9].
Using panel cointegration, Granger causality analysis, and panel error correction tests,
the authors studied the relations between the imports and GDP for a period of 26 years.
When searching for the relations between GVA and energy imports, Mushet et al. (2020)
found that energy imports influence the industrial and services sectors. The method used
in the study was regression analysis for 48 observations [10]. In Israel, China, and South
Korea, energy imports increase the economic growth. In their study, Bildirici and Kayikci
(2022) used the Markov-Switching Bayesian Granger Causality test and traditional Granger
causality test [11].

A study made in Brazil, China, Indonesia, India, Mexico, Russia, and Turkey shows
that, for those countries, renewable energy can be used to reduce the energy imports. At
the same time, imports cannot be completely replaced by renewables, so other solutions
must be found [12].

An accurate assessment indicates that the decline in real income in Germany resulting
from an energy import boycott would range between EUR 1500 and EUR 2000 per capita,
approximately 5% of the GDP, surpassing the impact of the corona recession in 2020, and
would adversely affect economic development in the Netherlands, France, and Belgium,
consequently leading to negative repercussions for Germany [13].

If most of the imports of oil and coal from Russia can be replaced due to the world
market capacity [14], the biggest challenge is linked with the imports of natural gas. An IEA
report shows a 10-point plan to reduce the European Union’s reliance on Russian natural
gas that includes measures ranging from the replacement of this resource with alternatives
to the acceleration of the deployment of new wind and solar projects [15].

The available data show that natural gas is mostly used in the building sector (185 bcm),
electricity (151 bem), industry (116 bem), and transport (4 bem) [16]. The building sector is
responsible for 38% of total gas consumption [16], but measures for decreasing the usage
of this energy source are already being considered. One solution for partially replacing
the natural gas from imports can come from the Black Sea. In 2018, in Romania, the
concessors estimated 100-200 bcm natural gas resources, and the specialists from NAMR
(National Agency for Mineral Resources) estimated over 300 [17]. The long-term solution
for electricity generated from natural gas and its usage in the industry sector can be
the use of hydrogen and biomethane [16]. According to another study, it is proposed
that natural gas can be substituted by biogas due to their sharing similar properties,
allowing for their distribution within the same system [18]. Replacing Russian natural
gas in electricity and heating by 2028 requires a conducive policy environment, including
faster permitting, secure supply chains, weatherization, and supportive subsidies [19].
Furthermore, Fedoseeva and Zeidan found that primary energy imports are affected by the
natural gas imports fuel [20].

Another study investigated the links between petroleum imports, economic growth,
and CO, emissions in two African countries for 24 years [21]. Using simultaneous equation
models and threshold regression analysis, the authors’” results indicate that, in Nigeria,
aggregate and sectoral outputs increase when the imports of petroleum products are
above a certain threshold. Russia’s crude oil exports have shifted from the EU to Asia,
accompanied by significant price discounts, as one study highlights [22]. The same study
states that the ban on crude oil sales to countries adhering to the price-cap mechanism
could have further implications for global oil markets. In China, Zhao and Wu found that
industry and transport sectors influence the oil imports, and not the price [23]. In their



Energies 2023, 16, 5177

30f18

study, they used cointegration and VECM techniques for a period between 1995 and 2006,
divided into quarters. Brutschin and Fleig found a positive and significant relationship
between the oil price and R&D expenditures [24].

Over the past three decades, Europe has witnessed a steady decline in the use of coal,
and it is projected to eventually phase out coal entirely under the new energy and climate
policy of the European Union [25]. Fedoseeva and Zeidan show that economic growth
and fossil fuel consumption are correlated in the EU, and this could be a drawback for
reducing the consumption of energy from this fuel [20]. The findings of another study
suggest that fossil fuel distributors should invest in research and development for clean
and renewable fuel alternatives, while higher energy prices motivate energy consumers to
explore energy-efficient methods through research [26]. While the literature lacks extensive
research on the connection between fossil fuel imports and economic growth or R&D,
numerous studies have explored the relationship between fossil fuel energy consumption
and various economic variables. Additionally, the demand for energy imports from these
resources is closely associated with economic factors. As shown in the Table 1, the findings
indicate the relationship between fossil fuel consumption and economic growth, as well as
the absence of a link between economic growth and energy in certain cases. The results
highlight the importance of considering energy conservation policies in light of the impact
of fossil fuel consumption on both the economy and climate change.

Table 1. Review of the literature on the links between energy from fossil fuels and economy.

Countries/Region Studied Methodology Causality Test Results
Japan (G7 countries) ARDL model Unidirectional causality [27]
Top 38.energy consumption Panel causality test Unidirectional causality [28]
countries

Pakistan VECM Feedback relationship [29]
China Granger causality Causality observed [30]
OECD countries Panel co-integration Causality observed [31]

Numerous research studies have established connections and causal relationships
between the GDP, the GVA, R&D, and energy consumption. However, the role of energy
imports in the economy has received limited attention in these studies. Specifically, we
have not found any relevant research that incorporates R&D investments when examining
the impact of imports on the economy. Our study aimed to address these gaps and provide
answers to emerging questions in the current economic and political landscape. Further-
more, we expanded the existing literature by investigating the effects of a wider range of
fuel imports in the EU-27. The findings may not be entirely positive in light of the Green
Deal targets, as they reveal a significant correlation between certain economic variables
and imports. Considering the implications of these results for the EU-27’s geopolitical
energy markets, potential solutions could involve substituting some imported resources
with locally produced alternatives or imports that have lower CO, emissions and are more
economically viable.

2. Materials and Methods

After reviewing the literature, data about the variables of interest were gathered from
the official database. EU-27 is considered a single entity due to the common agreement to
become climate neutral, to increase the energy independency, and to help all the countries
to achieve these objectives by 2050 [32]. For the data about energy imports, the GDP, the
GVA, and R&D, we considered a period from 2000 to 2021. Table 2, which shows the source
of data, the name of the variables, the unit of measurement, and the symbol, was used to
find the answers to the research questions. For the present study, both raw and combined
data were considered.
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Table 2. Variables.
Name of the Variable and .
Unit of Measure Data Considered Symbol
GDP [3??] .Current prices, GDP
million euro
R&D All sectors RD_Total
1 R&D Business R_D_Bus
R&D [34], million euro R&D Education R_D_Edu
R&D Government R D Gov
Agriculture, forestry, and fishing
Industry (except construction)
Manufactu.rmg GVA_Agr
Construction GVA Tnd
Wholesale and retail trade, transport, -
. . . .. GVA_Man
GVA [35], current prices, = accommodation, and food service activities
GVA_Constr

million euro Information and communication
Other (professional, scientific, and
technical activities; administrative and

GVA_Wholesale
GVA_Inf Comm

. i . GVA_Other
support service activities; and public
administration, defense, education, human
health, and social work activities)
Imports—natural gas
Imports—oil and petroleum

Imports—solid fossil fuels Imports_NG

Imports of energy [36] Imports—NRES (imports natural gas + Imports_OP

Terajoules imports non-renewable waste + imports oil Imports_SFF
and petroleum + imports oil shale and oil Imports_NRES

sands + imports Peat and peat products +
imports solid fossil fuels)

The first step was to build a graphic representation of the imports in the EU to analyze
the possible links with economy status. For answering the research questions, all the data
were uploaded and tested using SPSS-28. The collected data cover 21 years (a size less
than 50), so the Shapiro-Wilk test for the normality of the data was applied [37,38]. The
data collected at a European level exhibited a normal distribution (significance > 0.05), and
we employed the Pearson correlation coefficient to determine the relationships between
the variables. For country-specific data, we utilized either the Spearman’s Rho or Pearson
correlation, depending on the distribution characteristics of the data. As described in Fox
and Levin’s work (2007), a coefficient value from —1 to —0.91 means a perfect negative
correlation; —0.9 to —0.6 means a strong negative correlation; —0.59 to —0.3 means a
moderate negative correlation; —0.29 to —0.1 means a weak negative correlation; —0.09 to
0.1 means no correlation; 0.11 to 0.3 means a weak positive correlation; 0.31 to 0.6 means a
moderate positive correlation; 0.61 to 0.9 means a strong positive correlation; and 0.91 to
1 means a perfect positive correlation [39]. The value of significance (Sig. 2-tailed) was also
followed. If Sig. is less or equal to 0.05, the correlations are significant. All the data were
transformed into natural logarithms because of the high values in order to decrease the
skewness and to increase the linearity of the regressions.

Linear regression and multiple regression were used to find how changes in the inde-
pendent variable change the dependent variable. When using linear or multiple regression
analysis, the data were tested for linear relationship, normal distribution (Shapiro-Wilk
test), and autocorrelation (Durbin-Watson). The linear regression formula is as follows:

Y =a +BX, 1)

where Y = dependent variable, X = independent variable, a = intercept (constant), and
B = regression coefficient [40].
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When both values are log-transformed, the regression equation becomes as follows:
LogioY = a + BLogjoX, (2)

The coefficients can be interpretated as the elasticity of the Y variable compared to X
variable [41]. One percent change in the independent variable changes with B percent of
the dependent variable. For the multiple regression, the equation used was as follows:

LOgloY =a-+ B1 10g1()X + Bz IOgl()Z +... By long (3)

where By to B, are the regression coefficients.

To find the effect of economic variable over the imports of nonrenewable energy
resources, we used the backward method. Considering the links found in the literature
and the correlations between variables, we found which economic variable best predicts
a certain type of energy import. Knowing that this method has advantages but also is
contested by some researchers [42], it was used because it is important to find the best fit
by removing the least important variables. We considered the imports to be the dependent
variable, and the independent variables were the ones with which we found a correlation
with the GDP, R&D, and GVA sectors.

3. Results

The chosen data are for all imports, not linked with the country of origin or the price
paid for transport. The official data found in the Eurostat database show that the EU
imports the most oil and petroleum (Figure 1), followed by natural gas and solid fossil
fuel. Those are obviously linked with the economic context. The effect of the financial crisis
(2007-2009) and the COVID-19 pandemic on the imports of NRES can be observed.

2000
2001

e [mports_Peat_

2002

on < ) \O - [e2] [*N) (=) — [\l N < v O ©~ [oe] (@) [«
S o o 2 9o 2 9 @ = = = = == = = = = A
S & s &S S & & o o o o o o o o o o o
o (@] (@] (@\] (@] (@\] (@\] o (@] (@\] (@] (@] (@\] [@\] (@] (@] (@] (@]
Imports_Natural_Gas Imports_QOil_Petroleum Imports_Solid_Fossil_Fuels

Figure 1. Graphic illustration of evolution in energy imports. Source: EU Commission Database [36].

In order to have a complete overview of the data, it is important to know the links and
the direction of correlation between the energy imports, the GDP, R&D, and the components
of the GVA. After testing the distribution of data (Shapiro-Wilk test), we concluded that all
of the data are normally distributed (Sig. > 0.05). The Pearson Correlation test shows that
the total imports of energy are in moderate positive correlation with the GDP (r = 0.486,
sig. = 0.026) and with some of economic sectors: GVA Manufacturing (r = 0.561, sig. = 0.009),
GVA Constructions (r = 0.554, sig. = 0.003), and GVA Wholesale (r = 0.616, sig. = 0.005).

This resulted in an increased demand for energy, regardless of the source (renewable
or nonrenewable). Due to the low prices paid for imported energy, even if investments
were made to increase the RES, a high rate of energy came from imports. The relation-
ship between total energy imports and the studied economic variables does not exhibit
a predictable pattern. The literature suggests the opposite, [13,14], so further research is
necessary to uncover the underlying reasons behind these findings and shed more light on
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the relationship between energy imports, the GDP, and R&D. Several factors may contribute
to these findings. To begin with, it is evident that the EU’s GDP and GVA experienced
a consistent increase throughout the period from 2000 to 2021, as depicted in Figure 2.
Overall, while some variables showed clear trends, such as GDP_total, GVA_Industry,
GVA_Manufacturing, GVA_Wholesale_Retail_Transport_Acc_Services, and RD_EU, others
displayed more fluctuations or no significant trend. These observations provide insights
into the dynamics of the EU-27 economy and specific sectors during the analyzed period.

3,000,000.00

2,500,000.00

2,000,000.00

1,500,000.00

1,000,000.00

500,000.00

|

0.00

100¢
€00¢
S00¢
£00¢
600¢
110¢
€10¢
q10¢
£10¢
610¢

GVA_Agriculture_Forest_Fishing

0.00 e GVA_Industry
é % % § ;8: g % % ? g g e GVA_Manufacturing
- - e GV A_Construction
RD_EU e===Imports_Eng GDP_total e GVA_Wholesale_Retail_Transport_Acc_Services

Figure 2. Graphic illustration of evolution in total energy imports, GDP, R&D, and GVA. Source: EU
Commission database [36].

The EU has actively pursued measures to diversify its energy sources; reduce depen-
dence on imports; and promote renewable energy, energy efficiency, and domestic energy
production. These efforts weaken the direct link between total energy imports and the
GDP. Moreover, variations in economic structure across countries, with some having a
higher concentration of energy-intensive industries and others relying more on services or
technology sectors, can influence the correlation between energy imports and the GDP. Ad-
ditionally, the implementation of energy efficiency measures in the EU has decoupled GDP
growth from energy consumption in a few countries, allowing economic growth to occur
without a proportional increase in energy imports. It is important to note that the GDP is
influenced by a multitude of factors, including labor productivity, investment, innovation,
and government policies, which can have a stronger impact than energy imports alone. In
the EU, R&D activities have primarily focused on technological advancements, innovation,
economic competitiveness, and societal well-being, with energy-related research and in-
novation being only a part of the overall R&D landscape. Consequently, the connection
between total energy imports and R&D may not receive significant emphasis.
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The most imported energy resources, oil and petroleum products, are not correlated
with any of studied variables linked with economy in EU-27. This may happen due to the
high spread of usage in all economic sectors. The lack of correlation between total energy
imports and the studied economic variables aligns with findings from other studies. One
author suggests that this absence of correlation can be attributed to factors such as derived
demand, improved efficiency, and fuel substitution for oil and petroleum products [43].

A comprehensive examination of the EU-27 countries reveals valuable insights into
the unique characteristics of each state and the intricate relationships between imports of
oil and petroleum products with various economic sectors. By delving deeper into the data,
we can gain a better understanding of the specific dynamics at play and identify key factors

influencing the patterns of oil and petroleum imports in each country (Table 3).

Table 3. Multiple regression analysis for imports of oil and petroleum products in EU_27 countries.

Count Independent  Adjusted R Durbin- Unstandardized ¢ Si
Y Variables Square Watson Coefficients &
B Std. Error
Belgium 0.788 1.58
(Constant) 4.933 0.26 19.001 <0.001
LG10_GVA_constr —0.409 0.165 —2.484 0.024
LG10_GVA_inf_comm —0.813 0.236 —3.438 0.003
LG10_GVA_wholesale 1.127 0.174 6.482 <0.001
LG10_R_D_bus 0.297 0.072 4115 <0.001
Bulgaria 0.884 2.47
(Constant) 1.659 0.382 4.339 <0.001
LG10_GDP 2.276 0.302 7.534 <0.001
LG10_GVA_inf_comm —0.492 0.086 —5.746 <0.001
LG10_GVA _other —1.208 0.256 —4.717 <0.001
Czechia 0.778 1.76
(Constant) 4.024 0.234 17.208 <0.001
LG10_GVA _other —0.356 0.134 —2.655 0.016
LG10_GVA_wholesale 0.745 0.188 3.971 <0.001
Denmark 0.707 1.602
(Constant) 11.551 2.429 4.756 <0.001
LG10_GDP —3.773 3.972 —3.467 0.003
LG10_GVA_ind 3.519 1.474 2.388 0.03
LG10_GVA _other 6.301 1.922 3.277 0.005
LG10_GVA_wholesale 4.425 1.111 3.981 0.001
Estonia 0.798 2.07
(Constant) 2.511 0.254 9.892 <0.001
LG10_GVA_wholesale 0.649 0.073 8.938 <0.001
Finland 0.59 22
(Constant) 4.476 0.254 17.63 <0.001
LG10_GDP 0.261 0.048 5.429 <0.001
Germany 0.88 225
(Constant) 5.747 0.476 12.064 <0.001
LG10_GVA_wholesale 0.571 0.138 4.147 <0.001
LG10_R_D_gov —0.544 0.078 —-7.015 <0.001
Hungary 0.9 1.5
(Constant) 2.997 0.234 12.824 <0.001
LG10_GVA _agr —0.321 0.122 —2.627 0.018
LG10_GVA_constr 0.304 0.065 4.678 <0.001
LG10_GVA_ind 1.301 0.255 5.113 <0.001
LG10_GVA_inf_comm —0.832 0.21 —3.958 0.001
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Table 3. Cont.

Country Independent  Adjusted R Durbin- Unstandardized ¢ Sig
Variables Square Watson Coefficients
B Std. Error

Ireland 0.799 1.7
(Constant) 4.02 0.417 9.648 <0.001
LG10_R_D_bus —0.697 0.103 —6.756 <0.001
LG10_R_D_edu —0.188 0.094 —2.009 0.061
LG10_GVA_other 0.897 0.175 5.126 <0.001

Latvia 0.88 2.23
(Constant) 1.868 0.277 6.751 <0.001
LG10_GDP 3.126 0.462 6.77 <0.001
LG10_GVA _constr —0.838 0.14 —5.972 <0.001
LG10_GVA_ind —1.918 0.414 —4.636 <0.001
LG10_GVA_inf_comm —0.397 0.13 —3.06 0.007

Netherlands 0.929 1.51
(Constant) 2.88 0.326 8.826 <0.001
LG10_GVA_constr —0.571 0.101 —5.664 <0.001
LG10_GVA_other 1.366 0.138 9.884 <0.001
LG10_R_D_bus —0.272 0.058 —4.72 <0.001

Romania 0.811 1.76
(Constant) 3.629 0.425 8.532 <0.001
LG10_GVA_agr 0.432 0.138 3.134 0.006
LG10_GVA_inf_comm —0.364 0.103 —3.527 0.003
LG10_GVA_wholesale 0.221 0.108 2.047 0.057
LG10_R_D_bus 0.293 0.09 3.256 0.005

Slovakia 0.678 2.3
(Constant) 4.691 0.122 38.336 <0.001
LG10_R_D_bus —0.131 0.051 —2.572 0.02
LG10_GVA_ind 04 0.152 2.635 0.018
LG10_GVA_other 0.435 0.195 2.237 0.04
LG10_GVA_wholesale —0.611 0.247 —2.471 0.025

Dependent variable: LG10_Oil_Petroleum; n = 21.

Belgium can decrease its imports of oil by focusing on several key factors. Firstly, there
is a significant positive relationship between the variable “GVA_wholesale” and oil imports.
Therefore, promoting domestic wholesale and retail trade, transport, accommodation, and
food service activities and reducing dependence on foreign suppliers can help decrease oil
imports. Additionally, the negative coefficient for “GVA_constr” suggests that investing in
sustainable construction practices and energy-efficient infrastructure can contribute to a
decrease in oil imports. The negative coefficient for “GVA_inf_comm” indicates that further
enhancing the efficiency and sustainability of the information and communication sector
and increasing the value added from this sector can also contribute to a decrease in oil
imports. Promoting telecommuting and remote work options and adopting energy-efficient
technologies can help reduce the overall demand for oil-based energy in this sector. The
adjusted R-square value of 0.788 suggests that the predictors included in the analysis can
explain approximately 78.8% of the variance in oil imports.

Encouraging economic growth and development is crucial for Bulgaria to reduce its
reliance on oil imports. The positive coefficient for “GDP” implies that increasing this
variable will also increase the dependence on oil and petroleum products. The negative
coefficient for “GVA_inf_comm” underscores the significance of adopting sustainable and
efficient practices in the information and communication sector. Diversifying the economy
and reducing dependency on oil-dependent sectors is essential. By focusing on sectors
with less oil dependence, Bulgaria can decrease its need for substantial oil imports. The
high adjusted R-square value of 0.884 indicates that the selected predictors in the analysis



Energies 2023, 16, 5177

90f18

explain around 88.4% of the variance in oil imports in Bulgaria. This suggests that the
variables considered are highly relevant in comprehending the factors influencing oil
import dynamics in the country.

Czechia can take steps to decrease its imports of oil based on the findings of the
regression analysis. The negative coefficient for the variable “GVA_other” suggests that
increasing the value added from professional, scientific, technical, administrative, sup-
port service, public administration, defense, education, human health, and social work
activities can contribute to a decrease in oil imports. Additionally, the positive coefficient
for “GVA_wholesale” indicates that developing domestic wholesale capabilities can help
reduce oil imports. By focusing on enhancing the country’s wholesale capabilities and
reducing dependence on foreign suppliers, Czechia can decrease its reliance on imported
oil. The adjusted R-square value of 0.778 indicates that the predictors included in the
analysis can explain approximately 77.8% of the variance in oil imports in Czechia.

Denmark can decrease its oil imports by focusing on several key factors. The positive
coefficient for “GVA_ind” suggests that promoting growth and innovation in the industrial
sector can lead to a reduction in oil imports. By investing in sustainable and energy-efficient
practices in the industrial sector, Denmark can reduce its reliance on oil-based energy. The
negative relation between the GDP and imports of oil and petroleum products shows the
great importance of strengthening the economy in this country.

Estonia can decrease its oil imports by developing its domestic wholesale capabilities.

Finland can reduce its oil imports by promoting sustainable economic growth. The
positive coefficient for “GDP” suggests that economic development without diversification
can lead to an increase in oil and petroleum imports.

In Germany, the positive coefficient for “GVA_wholesale” indicates that developing
robust domestic wholesale networks can help reduce oil imports. Additionally, the nega-
tive coefficient for “R_D_gov” suggests that investing in research and development from
governmental sources can contribute to a decrease in oil imports.

In Hungary, the negative coefficient for “GVA_agr” and “GVA_inf_comm” suggests
that increasing value added from agricultural and information sectors can contribute to a
decrease in oil imports.

Ireland can decrease its oil imports by focusing on investments in R&D, especially in
business and education sectors.

Latvia can decrease its oil imports by focusing on several key factors. The positive coef-
ficient for “GDP” suggests that the two indicators are linked, and by increasing the GDP, the
imports of oil will also increase. By fostering a strong and diversified economy, Latvia can
potentially decrease its reliance on oil and petroleum products. The negative coefficients for
“GVA_constr”, “GVA_ind”, and “GVA_inf_comm” indicate the importance of sustainable
practices in the construction, industrial, and information and communication sectors.

The negative coefficients for “GVA_constr” and “R_D_bus” in the Netherlands sug-
gest specific areas of focus. By promoting sustainable construction practices, reducing
dependence on sectors heavily reliant on o0il, and investing in research and development
for sustainable business solutions, the Netherlands can decrease its reliance on imported
oil and petroleum products.

The positive coefficient for “GVA_agr” indicates the importance of modernizing the
agricultural sector, which often consumes significant amounts of oil-based energy, in
Romania. Additionally, increasing the value added in the information and communication
sector can contribute to a decrease in oil imports in Romania.

The negative coefficients for “R_D_bus” and “GVA_wholesale” suggest that by in-
vesting in research and development for sustainable business solutions and increasing the
gross value added from wholesale, Slovakia can reduce its dependence on imported oil
and petroleum products.

The dependency on imports of natural gas is one of the biggest problems that the EU
faces at present. The collected data show a strong positive correlation between the quantity
of imported natural gas and the GDP (r = 0.859, sig. < 0.001), GVA from industry (r = 0.840,
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sig. < 0.001), GVA from manufacturing (r = 0.810, sig. < 0.001), GVA from construction
(r =0.896, sig. < 0.001), GVA wholesale retail transport and services (r = 0.868, sig. < 0.001),
GVA information and communication (r = 0.835, sig. < 0.001), and GVA real estate (r = 0.840
sig. <0.001) and a moderate positive relation with GVA from agriculture, forest, and fishing
(r=0.600, sig. = 0.004).

The multiple regression (Table 4) shows that imports of natural gas can be predicted in
87.3% of cases by the GDP, investments in R&D, GVA manufacturing, and GVA real estate.
A 1% increase in the European GDP will increase the imports of natural gases by 4.16%. The
outcomes of the study align with those of the existing literature, as other authors have also
discovered a positive relationship between the two variables in Korea [44]. Investments
in research and development can be a solution for decreasing the natural gas dependency.
The results show that a 1% increase in investments in R&D will decrease the natural gas
imports by 0.80%. This is not surprising when considering that most of the organizations
invest in increasing efficiency and decrease the energy consumption. If the value added
from the real estate sector increases by 1%, the imports of natural gas will decrease by 1.5%.
More than 40% of total gas demand in the EU was from the residential sector in 2020 [45].
There are also solutions for replacing the gas consumption with other more efficient energy
resources, but this means more investments, which may be a barrier for many. The benefit
is that, with the increased price of natural gas, many will consider a change. If governments
will increase the funds for renewables through incentives, this might help in passing from
traditional usage to other sources of energy that are renewable, more efficient, and have
less emissions. Moreover, if the GVA from the manufacturing sector increases by 1%, the
natural gas imports will decrease by 0.89%. The literature shows that manufacturing is the
most gas-intensive sector, and investments to arrive at zero-emissions targets decrease this
dependency [46].

Table 4. Multiple regression analysis for imports of natural gas in EU-27, as a dependent variable.

Adjusted R Square Durbin-Watson Unstandardized Coefficients t Sig.

B Std. Error

Model 0.873 2.080

(Constant) —3.546 1.730 —2.050  0.047
LG10_GDP_total 4.155 1.063 3911 0.001
LG10_RD_EU —0.796 0.206 -3.858  0.001
LG10_GVA_Manufacturing —0.890 0.373 —2.386  0.030
LG10_GVA_Real_Estate —1.465 0.645 —-2272  0.037

Predictors: (Constant), LG10_GVA_Real_Estate, LG10_GVA_Manufacturing, LG10_RD_EU, LG10_GDP_total.
Dependent variable: LG10_Imports_Natural_Gas; n = 21.

The results indicate a drawback in EU independence from natural gas. At this moment,
the EU cannot flourish without imported natural gas. Due to the imposed restrictions,
namely the increased price and decreased of natural gas from Russia, the EU must find
solutions. In the short term, the EU’s solution for the gas crisis was to replace imports of
NG from the East with imports of liquified natural gas (LNG). However, this rases other
problems. Many households or machines used in industry sectors do not work properly
when the type of gas is changed or the amount of CO, released into the atmosphere
increases [8]. A medium-term solution can be the extraction of natural gases from the Black
Sea. Romanians will already start the extraction this year, but due to the low capacities
and the lack of investments, the gases are still going to be in small quantities. Another
solution can be the replacement of imported natural gas with hydrogen converted from RES
(solar and wind), as one study suggests [47]. This may be cheaper and easier to transport.
Moreover, a hybrid solution of hydrogen, heat, and electric storage may be the answer to
the problem if technological, societal, and legal barriers can be surpassed [48].
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Based on the regression analysis (Table 5), several key factors can contribute to de-
creasing the imports of natural gas in different countries:

Table 5. Multiple regression analysis for imports of natural gas by EU-27 country, as a
dependent variable.

Independent Adjusted R Durbin- . . .
Country Variables Square Watson Unstandardized Coefficients t Sig.
B Std. Error
Belgium 0.665 1.944
(Constant) 5.233 0.366 14.311 <0.001
LG10_GVA_constr 0.757 0.334 227 0.037
LG10_GVA_inf_comm 1.704 0.485 3.517 0.003
LG10_GVA_other —1.852 0.432 —4.292 <0.001
Croatia 0.613 1.643
(Constant) 3.123 0.278 11.219 <0.001
LG10_R_D_Bus 0.679 0.125 5.428 <0.001
Estonia 0.913 2.28
(Constant) 6.362 0.145 43.881 <0.001
LG10_GVA_constr 0.867 0.094 9.262 <0.001
LG10_GVA_other —1.228 0.096 —12.85 <0.001
Greece 0.79 1.57
(Constant) 5.621 1.478 3.803 0.002
LG10_GVA_agr —0.863 0.344 —2.505 0.024
LG10_GVA_constr 0.208 0.09 2.308 0.036
LG10_R_D_Bus 0.741 0.144 5.149 <0.001
Poland 0.954 162
(Constant) 3.123 0.207 15.109 <0.001
LG10_GVA_constr —0.43 0.182 —2.366 0.03
LG10_GVA_ind 0.942 0.186 5.064 <0.001
LG10_R_D_gov —0.088 0.015 —5.709 <0.001
Portugal 0.933 1.77
(Constant) —4.189 0.663 —6.32 <0.001
LG10_GDP 2.626 0.288 9.131 <0.001
LG10_GVA_ind —0.983 0.369 —2.662 0.016

Dependent variable: LG10_Imports_Natural_Gas; n = 21.

Belgium: The construction, information, and communication sectors play significant
roles in increasing natural gas imports. Promoting energy-efficient construction practices
and enhancing sustainable technologies in the information and communication sector can
help decrease the reliance on natural gas.

Croatia: At the present, increasing the investments in the R&D business is followed by
an increase in demand for natural gas from imports. Investing in innovative technologies,
energy-efficient processes, and renewable energy sources can contribute to decreasing the
demand for natural gas.

Estonia: The construction and other sectors are important considerations for decreasing
natural gas imports. Implementing energy-efficient construction practices and increasing
the added value from professional, scientific, technical, administrative, support service,
public administration, defense, education, human health, and social work activities can
help reduce the reliance on natural gas.

Greece: The agricultural, construction, and business sectors play crucial roles in
reducing natural gas imports, accounting for 79% of the observed results. By increasing
agricultural income, improving the construction sector, and redirecting investments in the
business sector, it is possible to decrease reliance on natural gas imports. These factors
contribute significantly to achieving this goal and should be prioritized in efforts to reduce
the need for natural gas.



Energies 2023, 16, 5177

12 0f 18

Poland: The construction, industrial, and government-led R&D sectors are important
for decreasing natural gas imports. Implementing energy-efficient construction practices
and governmental investments in R&D for clean and renewable energy sources can help
decrease reliance on natural gas.

Portugal: The GDP and industrial sector are critical factors in reducing natural gas
imports. An increase in economic growth, without any corresponding changes in the
structure of the GDP, can lead to a greater reliance on natural gas. It is important to focus
on strategies that promote sustainable industrial practices and diversify the energy mix to
decrease dependence on natural gas.

Further, the Pearson’s test shows a negative correlation between fossil fuels im-
ports and the mentioned economic variables. With the increase in the GDP (r = —0.532,
sig. = 0.013); R&D (r = —0.643, sig. = 0.002); the GVA from agriculture, forests, and fishing
(r = —0.601, sig. = 0.004); the GVA from industry (r = —0.502, sig. = 0.020); the GVA from
wholesale, retail, and transport services (r = —0.482, sig. = 0.027); the GVA from information
and communication (r = —0.678, sig. < 0.001); and the GVA from real estate (r = —0.533,
sig. = 0.013), the imports of fossil fuels will decrease. The collected data about solid fossil
fuels show the decreasing dependency of the EU on this source of energy. The major benefit
is that the decrease in the transformation of this resource to energy will decrease the CO,
emissions (the transformation of fossil fuels into energy is linked with the highest CO,
emissions) [49].

The multiple regression analysis (Table 6) shows that, for 91.7% of cases, a 1% increase
in investments in R&D will decrease the imports of fossil fuels by 2.21%. This result is
not surprising knowing that investments in R&D increase the efficiency and the usage of
renewables as an energy resource. Moreover, with the increase in the information and
communication sector by 1%, the imports of fossil fuels will decrease by 2.77%. This is most
likely because, in the service sector, the usage of energy is lower than in other economic
sectors. The literature shows that, with the increase of services’ share in an economy, the
share of energy decreases, and the usage of renewables sources increases [50]. On the
other side, when the agriculture sector increases by 1%, the imports of fossil fuels increase
by 0.82%. The links between the two variables are mainly because, in the production of
chemicals for fertilizers, drying grain, and heat for glasshouses, the farmers use energy
from fossil fuels [51]. When other GVA sectors increase by 1%, the imports of fossil fuels
increase by 5.1%.

Table 6. Multiple regression analysis for imports of fossil fuels as a dependent variable.

Adjusted R Durbin-Watson Unstandardized Coefficients t Sig.
Square
B Std. Error
Model 0.917 1.901
(Constant) —3.483 1.629 —2.138 0.048
LG10_RD_EU —2.207 0.315 —7.019 <0.001
LG10_GVA_GVA_Agr 0.821 0.228 3.598  00.002
LG10_GVA_ GVA_Inf_Comm —2.771 0.297 —9.332  <0.001
LG10_GVA_Other 5.100 0.459 11.123  <0.001

Predictors: (Constant), LG10_GVA_Other, LG10_GVA_Agriculture_Forest_Fishing, LG10_GVA_Information_Communication,
and LG10_RD_EU. Dependent variable: LG10_Imports_Solid_Fossil_Fuels; nn = 21.
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Based on the regression analysis (Table 7), the following insights can be derived
regarding the reduction of fossil fuel imports:

Table 7. Multiple regression analysis for imports of fossil fuels in EU_27 countries as dependent

variable.
Count Independent Adjusted R Durbin- Unstandardized ¢ Si
Y Variables Square Watson Coefficients &
B Std. Error

Austria 0.787 2.5
(Constant) 3.244 1.306 2.485 0.026
LG10_R_D_edu —0.732 —0.732 —-3.711 0.002
LG10_GVA_ind 1.746 0.535 3.262 0.006
LG10_GVA_inf_comm —1.019 0.304 —3.356 0.005

Belgium 0.929 2.19
(Constant) 15.201 12.482 <0.001
LG10_GVA_inf_comm —1.976 —1.145 —2.558 0.021
LG10_GVA_wholesale 1.953 0.94 2.321 0.034
LG10_R_D_total 1.483 1.481 2.785 0.013
LG10_GVA_other —3.246 —2.16 —2.866 0.011

Croatia 0.353 2.195
(Constant) 5.6 0.369 15.173 <0.001
LG10_R_D_bus —0.546 0.166 -3.29 0.004

Czechia 0.937 1.874
(Constant) 6.304 1.304 4.835 <0.001
LG10_GVA_agr —-14 0.36 —3.886 0.001
LG10_GVA_ind 1.787 0.423 4226 <0.001
LG10_GVA_other —-1.913 0.492 —3.889 0.001
LG10_R_D_bus 1.378 0.308 4.48 <0.001

Denmark 0.833 2.49
(Constant) 17.57 1.341 13.105 <0.001
LG10_GVA_constr 1.117 0.555 2.013 0.06
LG10_GVA_inf_comm —3.812 0.599 —6.362 <0.001
LG10_R_D_gov -0.77 0.171 —4.493 <0.001

Finland 0.48 1.5
(Constant) 11.939 1.53 7.805 <0.001
LG10_GDP —1.284 0.29 —4.427 <0.001

Ireland 0.83 2.37
(Constant) 4.883 1.7 2.873 0.011
LG10_GVA_inf_comm —1.399 0.293 —4.778 <0.001
LG10_GVA_wholesale 3.103 0.783 3.963 0.001
LG10_GDP —2.935 1.097 —2.675 0.017
LG10_GVA_ind 1.602 0.476 3.365 0.004

Lithuania 0.59 1.83
(Constant) 4.408 0.764 5.772 <0.001
LG10_GDP —3.727 0.963 —3.868 0.001
LG10_GVA_ind 3.491 0.936 3.731 0.002
LG10_GVA_constr 0.881 0.279 3.156 0.006

Luxembourg 0.87 1.99
(Constant) 6.84 0.727 9.407 <0.001
LG10_GVA_constr —1.336 0.381 —3.506 0.003
LG10_GVA_ind 0.619 0.318 1.949 0.07
LG10_R_D_edu 0.331 0.092 3.598 0.003
LG10_R_D_gov -0.817 0.239 —3.425 0.004
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Table 7. Cont.

Count Independent Adjusted R Durbin- Unstandardized ¢ Si
Y Variables Square Watson Coefficients &
B Std. Error
Poland 93.4 1.55
(Constant) —11.972 1.495 —8.008 <0.001
LG10_GDP 3.415 0.329 10.373 <0.001
LG10_R_D_bus —0.541 0.119 —4.558 <0.001
Slovakia 0.815 15
(Constant) 6.977 0.198 35.312 <0.001
LG10_GVA_constr 0.619 0.106 5.856 <0.001
LG10_GVA_other —0.946 0.126 —7.504 <0.001
Slovenia 0.42 1.5
(Constant) 7.148 0.788 9.067 <0.001
LG10_GVA_agr —1.079 0.274 —3.935 <0.001
Sweden 0.27 2.04
(Constant) 6.127 0.407 15.037 <0.001
LG10_GVA_constr —0.277 0.095 —2.906 0.009

Dependent variable: LG10_Imports_Solid_Fossil_Fuels; n = 21.

The adjusted R-square value of 0.787 suggests that R&D investments in education
and the GVA from industry and the information and communication sectors explain
approximately 78.7% of the variability in the imports of fossil fuels in Austria. Increasing
investments in R&D in education and increasing the value added from information and
communication sectors can help decrease the imports of fossil fuels. In Belgium, decreasing
fossil fuel imports can be achieved by focusing on the information and communication
sector and GVA other. In Croatia, R&D efforts in the business sector play a significant role
in decreasing fossil fuel imports.

Agriculture, industry, and other sectors are crucial for reducing fossil fuel imports in
Czechia. Promoting sustainable agricultural practices, optimizing industrial processes, and
investing in alternative energy sources can contribute to decreasing the dependence on
fossil fuels.

Focusing on construction, information and communication, and government invest-
ments in R&D sectors can help decrease fossil fuel imports in Denmark. Implementing
energy-efficient construction practices and changing the actual trajectory of this sector,
increasing the value added in communication, and increasing governmental investments
in R&D can reduce the reliance on fossil fuels.

In Finland, economic factors, specifically the GDP, are important for reducing fossil
fuel imports. The information and communication sector, wholesale trade, GDP, and
industry are significant for decreasing fossil fuel imports in Ireland.

In Lithuania, the GDP plays a crucial role in reducing fossil fuel imports. By increasing
the economy while decreasing the value added from industry and construction, Lithuania
has great chances for reducing its dependence on imported fossil fuels. For Luxembourg,
the construction, industry, and government-led R&D sectors are essential for reducing
fossil fuel imports. The GDP and investments in business R&D are significant for reducing
fossil fuel imports in Poland.

The construction and other sectors are important considerations for decreasing fossil
fuel imports in Slovakia. In Slovenia, the agricultural sector plays a significant role in
reducing fossil fuel imports. Promoting sustainable agricultural practices can contribute
to decreasing reliance on fossil fuels. The increase of value added from the construction
sector will decrease the fossil fuel imports by 0.23% in Sweden.

Based on the available data, the analysis reveals that the relationship between GDP
and imports varies across different countries. In Austria, Finland, and Ireland, there is an
inverse relationship, meaning that as the GDP increases, imports tend to decrease. This
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suggests that these countries rely less on imports as their economies grow. On the other
hand, Poland shows a positive relationship, indicating that as the GDP increases, so do
imports. This implies that Poland’s growing economy is accompanied by an increased
demand for imported goods.

4. Conclusions

In order to achieve the targets set by the Paris Agreement, and considering the em-
bargos against the imports from Russia, practical solutions must be implemented without
relying on imported polluting energy sources.

The absence of a significant correlation indicates that variations in oil and petroleum
product imports do not have a direct or linear influence on GDP, GVA sectors, or R&D
when analyzing the data for EU-27. This suggests that factors other than oil imports play
a role in shaping these economic indicators and the level of research and development
activities. Analyzing each country, the variable that most commonly explains the imports
of oil and petroleum products in various countries, based on the multiple regression from
Table 3, is the wholesale gross value added. The variable appears in the multiple regression
equations for Belgium, Czechia, Denmark, Estonia, Germany, Hungary, the Netherlands,
Romania, and Slovakia. In these countries, an increase in wholesale activities is associated
with higher imports of oil and petroleum products. However, it is important to highlight
that promoting local sources for wholesale activities and decreasing the transport share can
help reduce the reliance on imports for oil and petroleum products.

Notably, imports of natural gas are heavily linked to GDP, and a mix of solutions must
be implemented to decouple the two indicators. Decreasing the investments in R&D, the
gross value added from manufacturing and real-estate sectors, will increase the imports
from natural gas when considering the EU as a single entity. Upon closer examination
of Table 5, it becomes evident that the variable most common in explaining the power
for the imports of natural gas across multiple countries is the gross value added in the
construction sector. Notably, this variable exhibits a positive coefficient in Estonia, Greece,
and Poland, implying that an upsurge in construction activities corresponds to an increase
in natural gas imports. This finding suggests a potential link between the construction
sector’s demand for energy and the need to import natural gas as a fuel source.

Considering the data from the entire EU-27 region, it becomes evident that investing
in R&D plays a critical role in reducing dependence on fossil fuels. However, the positive
coefficient for the GVA in the agriculture sector indicates a concerning trend of increased
fossil fuel imports, suggesting a heavy dependence. Conversely, the negative coefficient
for the GVA in the information and communication sector demonstrates the sector’s active
contribution to reducing fossil fuel demand. Based on the data from each EU-27 country
(Table 7), the analysis highlights the diverse nature of the relationship between the GDP
and imports of fossil fuels. Austria, Finland, and Ireland exhibit an inverse relationship,
wherein as the GDP rises, imports decline. This suggests that these countries experience a
reduced reliance on imports as their economies expand. In contrast, Poland demonstrates
a positive relationship, indicating that as the GDP increases, imports of fossil fuels also
increase. This suggests that Poland’s growing economy is accompanied by a heightened
demand for imported goods.
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