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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. The study aims to explore the impact of imported non-renewable energy
resources on the EU-27 economy. It examines the correlations and causal relationships between
GDP, 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 GDP, with increases in GDP leading to a more than fourfold rise in imports. Furthermore,
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 & development investments,
renewable energy, European Union

1. Introduction

Global electricity consumption is expected to rise by 60% by 2030, partly due to the increased
usage of equipment, appliances, lighting, and other energy-consuming devices [1]. The introduction
of new products and technologies has expanded access to modern conveniences 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. Concurrently, 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 aims 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]. Numerous studies have identified correlations and causality
between GDP, GVA, R&D, and energy consumption, but few have focused on energy imports' role
in the economy. We found no relevant studies that incorporate R&D investments when examining
the effects of imports on the economy.
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Our research addresses these gaps and provides solutions to questions arising from the current
economic and political context. We also broaden the literature by examining the effects of a wider
range of fuel imports in the EU-27. The conclusions may not be entirely positive in light of the Green
Deal targets, as they demonstrate a strong connection between certain economic variables and
imports. Given the results' implications for the EU-27's geopolitical energy markets, potential
solutions could involve replacing some imported resources with locally produced alternatives or
imports that produce fewer CO2 emissions and are more cost-effective.

Data shows 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, is speaking by itself when studying the effects of
energy imports, over European economies. The dependency decreases of non-renewable energy that
comes with high carbon emissions, is one of the main points of the Green Deal [8].

If most of the imports of oil and coal from Russia can be replaced due to the world market
capacity [9], the biggest challenge is linked with the imports of natural gas. An IEA report shows 10
points plan to reduce European Union’s reliance on Russian natural gas which includes measures
from the replacement of this resource with alternatives, to acceleration of the deployment of new
wind and solar projects [10]. The available data, shows that natural gas is mostly used in buildings
sector (185 bem), electricity (151 bem), industry (116 bem) and transport (4 bem) [11]. Building sector
is responsible for 38% of total gas consumption [11], but measures for decreasing the usage of this
energy source are already 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 [12]. The long-term solution for electricity generated from natural gas, and its
usage in industry sector can be hydrogen and biomethane [11].

One study that comprises data from 23 developed and developing countries, shows that 1%
increase in energy imports will increase the GDP by 1.171% on long term [13]. 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.

Another study investigates the links between petroleum imports, economic growth and CO:
emissions in two African countries for 24 years [14]. 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.

Fedoseeva & Zeidan show that economic growth and fossil fuel consumption are correlated in
EU, which could be a drawback in reducing the consumption of energy from this fuel [15].
Furthermore, they found that primary energy imports are affected by the natural gas imports.

In China, Zhao and Wu (2007), found that industry and transport influence the oil imports, and
not the price [16]. They used in their study cointegration and VECM techniques, for a period between
1995 to 2006, divided in quarters.

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 [17].

In Israel, China and South Korea, energy imports increase the economic growth. Bildirici and
Kayikci (2022) used in the study Markov-Switching Bayesian Granger Causality test and traditional
Granger causality test [18].

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 [19].

2. Materials and Methods

After reviewing the literature, data about the variables of interest was gathered from 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 do achieve these objectives
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until 2050 [20]. For the data about energy imports, GDP, GVA and R&D it was considered a period
from 2000-2021. Table 1 which shows the source of data, the name of the variables, the unit of
measurement, and the symbol, was used for finding the answers for the research questions. For the
present study raw and combined data was considered.

Table 1. Variables.

Name of the variable and

unit of measure Data considered Symbol
GDP, [21] Current prices, GDP
million euro
R&D [22], Million euro R&D All sectors RD_Total
GVA [23], Curent prices, Agriculture, forestry and fishing GVA_Agr
million euro Industry (except construction) GVA_Ind
Manufacturing GVA_Man
Construction GVA_Constr
Wholesale and retail trade, transport, accommodation and food GVA_Wholesale

service activities
Information and communication GVA_Inf Comm
Other (Professional, scientific and technical activities + GVA_Other
Administrative and support service activities + Public
administration, defence, education, human health and social

work activities)

Imports of energy [24] Imports natural gas Imports_NG
Terajoules Imports oil and petroleum Imports_OP
Imports solid fossil fuels Imports_SFF

Imports NRES (Imports Natural gas + Imports Non-renewable
waste + Imports Oil and petroleum + Imports Oil shale and oil Imports_NRES
sands + Imports Peat and peat products + Imports Solid fossil

fuels)

First step was to build a graphic representation of the imports in EU, to analyze the possible
links with economy status. For answering the research questions, all the data was uploaded and
tested using SPSS-28. Collected data covers 21 years (a size less than 50) so, Shapiro - Wilk test for
normality of the data, was applied [25], [26]. All the data is normal distributed (sig. > 0.05), and we
used Pearson, when finding correlations between the variables. As described in Fox & Levin (2007),
a coefficient value between -1 to -0.91 means a perfect negative correlation, -0.9 to —0.6 strong
negative correlation, -0.59 to -0.3 moderate negative correlation, —0.29 to —0.1 weak negative
correlation, -0.09 to 0.1 no correlation, 0.11 to 0.3 weak positive correlation, 0.31 to 0.6 moderate
positive correlation, 0.61 to 0.9 strong positive correlation and 0.91 to 1, perfect positive correlation
[27]. 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 was transformed into natural logarithms because of the high
values, 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 independent
variable changes the dependent variable. When using linear or multiple regression analysis, the data
was tested for linear relationship, normal distribution (Shapiro-Wilk test) and autocorrelation
(Durbin-Watson). The linear regression formula:
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Y =a+BX, 1)

where Y = dependent variable, X = independent variable, a = intercept (constant), and B = regression
coefficient [28].
When both values are log-transformed, the regression equation becomes:

Y =a+BX, @)

The coefficients can be interpretated as the elasticity of Y variable compared to X variable [29].
One percent change in the independent variable, changes with B percent the dependent variable. For
multiple regression the equation used was:

LogiY = a + B1 logioX + B21og10Z + ... Bn logioW 3)

Where B1 to Bnare the regression coefficients.

For finding the effect of economic variable over the imports of nonrenewable energy resources,
we used backward method. Considering the links found in the literature, correlations between
variables, we found which economic variable predicts best a certain type of energy imports. Knowing
that this method has advantages but also is contested by some researchers [30], it was used because
is important to find the best fit, by removing the least important variables. We considered as
dependent variable the imports, and the independent variables the ones with whom we found a
correlation from 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. Official data found on Eurostat database (Figure 1), shows that EU imports the most oil
and petroleum (Figure), followed by natural gas and solid fossil fuel. Those are obviously linked with
the economic context. It can be observed the effect of the financial crisis (2007-2009) and the Covid-
19 Pandemic over the imports of NRES.
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FIGURE 1. Graphic illustration of evolution in energy imports.

Source: EU Commission database [24]

In order to have a complete view over the data, it is important to know the links and the direction
of correlation between energy imports, GDP, R&D and the components of the GVA. After testing the
distribution of data (Shapiro-Wilk test), we conclude that all the data is normal distributed (Sig.>
0.05).

Pearson Correlation test shows that 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). Increase of GDP and economic sectors over the years, made the consumption of energy to
grow. This resulted in increased demand for energy, regardless of 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.


https://doi.org/10.20944/preprints202305.1567.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 23 May 2023 doi:10.20944/preprints202305.1567.v1

Preprints.org 5 of 10

The most imported energy resource, oil and petroleum products, it is not correlated with any of
studied variable linked with economy. This may happen due to the high spread of usage in all
economy sectors. One author finds that reasons that stay behind this lack of correlation are the
derived demand, increase in efficiency, and fuel substitution for oil and petroleum products [31].

The dependency of imports of natural gas, is one of the biggest problems that EU faces in present.
The collected data shows a strong positive correlation between the quantity of imported natural gas
and the GDP (r=0.859, sig. <.001), GVA from industry (r = 0.840, sig. <.001), GVA from manufacturing
(r=0.810, sig. <.001), GVA from construction (r= 0.896, sig. <.001), GVA wholesale retail transport and
services (r= 0.868, sig. <.001), GVA information and communication (r= 0.835, sig. <.001), GVA real
estate (r= 0. 840 sig. <.001) and a moderate positive relation with GVA from agriculture, forest, and
fishing (r=0. 600, sig. = 0.004).

Multiple regression (Table 2) 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. 1% increase in
European GDP will increase the imports of natural gases by 4.16%. The results are in line with the
literature. Other authors found the same positive relation between the two variables, concluding that
there is a bidirectional relationship [32]. Investments in research and development can be a solution
for decreasing the natural gas dependency. The results show that 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 real estate sector increases with 1%, the imports of natural gas will decrease by 1.5%.
More than 40% of total gas demand in EU is from residential sector, in 2020 [33]. 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 renewable,
more efficient and with less emissions source of energy. Also, if GVA from manufacturing sector
increases by 1%, the natural gas imports will decrease by 0.89%. Literature show that manufacturing
is the most gas-intensive sector, and investments to arrive to zero emissions targets decreases this
dependency [34].

TABLE 2. Multiple regression analysis for imports of natural gas as a dependent variable.

Adjusted R Durbin-Watson Unsta.m.:lardlzed ¢ Sig.
Square Coefficients
B Std. Error

Model .873 2.080
(Constant) -3.546 1.730 -2.050  .047
LG10_GDP_total 4.155 1.063 3.911 .001
LG10_RD_EU -.796 .206 -3.858  .001
LG10_GVA_Manufacturing -.890 373 -2.386 .030
LG10_GVA_Real_Estate -1.465 .645 -2.272 .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 independency of natural gas. At this moment, EU cannot
flourish without imported natural gas. Due to the imposed restrictions, the increase price and
decrease of natural gas from Russia, EU must find solutions. On short term, EU solution for gas crisis
was to replace imports of NG from east with imports of liquified natural gas (LNG). But this rases
other problems. Many households, or machines used in industry sectors, does not work properly
when the type of gas is changed, or the amount of CO2 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, is 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 a study suggests [35]. This may be cheaper, and
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easier to transport. Also a hybrid solution of hydrogen, heat and electric storage may be an answer
to the problem, if technological, societal and legal barrier can be pass [36].

Further, Pearson test, shows negative correlation between fossil fuels imports and mentioned
economic variables. With the increase of GDP (r = -0.532, sig. = 0.013), R&D (r = -0.643, sig. = 0.002),
GVA from agriculture, forests, and fishing (r =-0.601, sig. = 0.004), GVA from industry (r =-0.502, sig.
=0.020), GVA from wholesale, retail, transport services (r =-0.482, sig. =0.027), GVA from information
and communication (r = -0.678, sig<.001), GVA from real estate (r =-0.533, sig. = 0.013) the imports of
fossil fuels imports will decrease. The collected data about solid fossil fuels shows the decreasing
dependency of EU from this source of energy. The major benefit is that the lowering transformation
of this resource to energy will decrease the CO2 emissions (transformation of fossil fuels in energy,
is linked with the highest CO2 emissions) [37].

The multiple regression analysis (Table 3) shows that for 91.7% of cases, 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. Also, with the increase of information and communication sector, by 1%, the imports of
fossil fuels will decrease by 2.77%. This is most likely because in service sector the usage of energy is
lower than in other economic sectors. Literature shows that with the increase of services share in an
economy, the share of energy decreases, and the usage of renewables sources increases [38]. 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, heat for glasshouses the farmers use energy from fossil fuels [39]. When other GVA
sectors increases by 1%, the imports of fossil fuels increase by 5.1%.

TABLE 3. Multiple regression analysis, for imports of fossil fuels as a dependent variable.

Adjusted R Durbin-Watson Unsta.nflardlzed ‘ Sig.
Square Coefficients
B Std. Error
Model 917 1.901
(Constant) -3.483 1.629 -2.138  .048
LG10_RD_EU -2.207 .315 -7.019  <.001
LG10_GVA_GVA_Agr .821 .228 3.598 .002
LG10_GVA_ GVA_Inf_Comm -2.771 297 -9.332  <.001
LG10_GVA_Other 5.100 459 11.123 <.001
Predictors: (Constant), LG10_GVA_Other, LG10_GVA_Agriculture_Forest_Fishing,
LG10_GVA_Information_Communication, LG10_RD_EU; Dependent Variable:

LG10_Imports_Solid_Fossil_Fuels; n=21

4. Conclusions

Energy imports have an important role in EU-27 economy, by increasing the GDP. In the
present, decreasing the energy imports would have a big negative impact over the economy. And
EU-27 does not have the necessary resources to replace them. In order to arrive to the targets imposed
by the Paris Agreement, practical solutions must be implemented, without increasing the energy
produced in EU from polluting resources. Even if in theory solutions exist, funds must be allocated
to this mater. But the economic and politic context will make extremely difficult the replacement of
polluting energy resources. After a pandemic which affected all economic sectors, a war near EU
borders that made EU policy makers to take drastic measures, finding financial resources to decrease
the dependency of energy imports, and at the same time to decrease the greenhouse gas emissions
will be a challenge. Even if is demonstrated by literature that imported energy can be partially
replaced by energy that comes from renewables, a weak economy can lead to decrease in investments
for building new capacities [40].
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The lack of correlation between imports of oil and petroleum products, GDP, GVA sectors and
R&D, show that by investments in increasing efficiency, finding solution to replace a resource with
another, have a positive outcome.

One of the most important findings is that imports of natural gas are heavily linked with the
GDP. Increases in GDP also increases the imports more than four times. To decouple the two
indicators, a mix of solutions for increase the efficiency or to replace this fuel must be implemented.
Increasing the extraction from different EU sites, may be the easiest way to arrive to the Green Deal
targets. But EU has limited natural resources of natural gas and only few countries can benefit from
this source. Literature shows that it can be replace by hydrogen produced from solar and wind
energy. At the same time, investments in R&D, increase in manufacturing and real estate sector
decreases the imports of natural gas. Investments made for more energy efficient buildings, the
changes in heating and cooling of houses from traditional fuels to renewables, the increasing of
services share in economy sectors, have a negative effect over the gas imports.

The importance of investing in R&D cannot be omitted when analyzing the links with the
imports of fossil fuels. The results are not surprising when knowing that investments in R&D increase
the efficiency and at the same time, the usage of renewables, as an energy resource.

To decrease the energy imports, the main objectives for EU — 27 policy makers should be the
investments in R&D, increase of energy generation from renewable resources, increasing the energy
efficiency and to accelerate the shift from industrial and transport to services sector. The last solution
may be beneficial for EU but could raise problems in terms of CO2 emissions, worldwide.
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