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The article is written in the current context of the energy crisis triggered by the geopolitical
conflict but also by the need for sustainability translated into sustainable development
objectives assumed at European level through the Green Deal Pact and the sustainable
development agreements with 2030 and 2050 horizon. The objectives of the study are to
determine a regional dynamic model of energy efficiency based on the results disseminated
in the literature on this topic. The methods used consist of descriptive analytical research
of energy sector indicators at European level with the application of the linear regression
method to determine the regional dynamic energy efficiency model. The results of the
study consist in determining the regional character of energy efficiency and identifying the
factors influencing the achievement of this objective at European level by studying the
differences at the level of six Member States considered to be representative in terms of
their respective levels of economic development, Germany, France, Austria, Greece,
Bulgaria and Romania. The results of the study are useful for energy policy makers in
reorienting energy development strategies in the current context of the energy crisis.

Keywords: renewable energy, GDP, energy efficiency, sustainable development

JEL Code: Q4, Q01

1. Introduction

The onset of the economic crisis has brought European energy security to the
forefront amidst the European Union's dependence on Russian oil and energy imports (prior
to the outbreak of the conflict). In this context, the Versailles Declaration of March 2022 was
adopted in which European states opted to increase energy security, eliminate hydrocarbon
imports from Russia by 2027 and diversify the origin of gas imports. At the same time, the
European economy has been oriented towards reducing energy consumption and developing
clean, environmentally friendly energy technologies. Other proposed measures include smart
investment in the green energy transition, industrial decarbonisation and reducing import
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dependency by stabilising the energy consumption balance. In the 6 countries analysed, the
evolution of gross natural gas consumption has shown a downward trend both by reducing
energy consumption in thermal power plants and by increasing the energy efficiency of
households, which has led to a reduction of energy consumption in the social sector, while in
the industrial sector, as a result of industrial decarbonisation reforms, a significant reduction in
consumption has also been achieved (Figure 1).

The most significant reductions were recorded in Germany, where the trend curve of
Complete energy balances is determined by the equation: y = -3854.2x + 336827, followed by
France with a trend curve of the indicator determined by the equation: y = -3427.9x + 273403
and Greece y = -495.92x + 28410.
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Figure 1. Complete energy balances (Gross available energy) in the 6 countries

analysed in 2012-2021
Source: Enrostat, available at hitps:/ | ec.enropa.en/ enrostat/ databrowser/ view/ nrg_bal_c/ defanit/ table?lang=en
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Figure 2. Complete energy balances (Final energy consumption) in the 6 countries

analysed in 2012-2021
Source: Enrostat, available at hitps:/ | ec.enropa.en/ enrostat/ databrowser/ view/ nrg_bal_c/ defanlt/ table?lang=en
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Final energy consumption at the level of the 6 countries as reported by Eurostat
showed a downward trend in Germany, France, Austria and Greece, while Bulgaria and
Romania showed an increase towards the end of the period under review as shown in Figure
2.

In this context, the main objective of the study is to determine the possibilities of
achieving energy efficiency from a regional perspective by analysing the historical evolution of
the energy balance indicators in relation to the GDP per capita economic deflator at the level
of the 6 European Member States, which will be achieved through the following secondary
objectives:

O1: Evolution of the concept of energy efficiency in the context of sustainable
development in the literature;

02: Identification of indicators subject to modelling and quantification of their
evolution through a consolidated database;

03: Conceptualisation of the energy efficiency model, its testing and validation;

The study continues with the literature review, definition of the working methodology,
presentation of results and discussions and formulation of relevant conclusions.

2. Literature review

The energy crisis triggered in Europe by the Russian-Ukrainian conflict has changed
the regional paradigm for energy consumption in a significant way. While until 2019 energy-
intensive activities such as agriculture and services, especially transport, were monitored
according to a more straightforward European procedure, the current situation driven by a
complex mix of macroeconomic influences suggests and points to a much greater opportunity
for the closure of some activities in these sectors. At the level of the literature, there are
concerns of researchers in the field who, as can be seen from the bibliometric analysis below,
have developed and implemented solutions, in particular to achieve the sustainable
development objectives and targets set by the Green Deal Pact.

As shown by Akram R. and others (Akram et al., 2021a) a significant aspect of the
energy sector during crises is energy efficiency (Akram et al., 2021b; Iram et al., 2020; Mahi et
al., 2021). Using a statistical panel data model, the authors (Akram et al., 2021a) correlate
economic growth with energy efficiency, capital formation (Danish & Ulucak, 2020; Topcu et
al., 2020), energy consumption as a percentage of GDP as well as renewable energy
distribution and balance of payments. According to the model it is shown that BRICS
countries (Cristea et al.,, 2022; Pata, 2021; Ren et al., 2022; Sinha et al.,, 2019; Usman &
Makhdum, 2021; Wahab et al, 2022; Zeng & Yue, 2022), including Russia, contribute
significantly to maintaining the global energy balance even though energy efficiency indicators
maintain a low correlation with economic growth. The 2021 study foresees future risks
induced by the weak causal relationship between energy efficiency and sustainable economic
growth. A problematic issue reported in the literature is electricity consumption in relation to
greenhouse gas emissions, thus (Ahmad & Zhao, 2018) show that a coordinating and
correlating relationship can be identified between the level of industrialization, urbanization,
level of energy consumption in relation to greenhouse gas emissions and economic growth.
This framework is subject to the impact of regional disparities being influenced by industrial
expansion, urbanisation and labour market saturation. According to the study, the highest
greenhouse gas emissions are specific to highly industrialised areas, with territorial
disaggregation’s according to primary (agriculture), secondary (manufacturing) and tertiary
(services) industrialisation. The same focus on greenhouse gas emissions from the perspective
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of their reduction effect through investments is made by (Adedoyin et al., 2020; Nepal et al.,
2021) which compares energy security with the results set to be implemented in terms of
environmental sustainability development.

A meta-analysis conducted through the Web of Science platform and VOSviewer
shows that energy security can be approached from the perspective of energy sector
development as a viable activity to achieve the optimal level of environmental sustainability
(Figure 3).
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Figure 3. The bibliometric analysis on the energy efficiency
Source: Elaborated by the authors using V' OSviewer software

The analysis, based on research of 6200 articles published in the last 5 years, presents 6
development clusters, namely the development of the renewable energy sector, the
optimisation of energy consumption, the creation of a reliable conceptual framework for the
operation of the energy industry, the implementation of sustainable energy policies, the
increase of performance and the limitation of greenhouse gas emissions. The analysis showed
the researchers' concern for current energy issues, namely energy security and environmental
protection.

Another meta-analysis (Figure 4), covering more than 7500 articles written in the
period 2020-2022, focuses on the interrelated aspects of sustainable development and energy
efficiency.

50



UNIVERSITAS

A
¥,

Jonivessinas)

International Conference “Risk in Contemporary Economy” ISSN-L 2067-0532 ISSN online 2344-5386
XXIITth Edition, 2023, Galati, Romania,
“Dunarea de Jos” University of Galati, Romania — Faculty of Economics and Business Administration

o
W

corporate s@cial respon
™ it

sustaingble city
sustainable hrm e o
sustainabl“gricu(ure

Srawth sustainable communities

-
sustainable @evelopment < @artidpation po@rty transport
lithgania gengler developingicountries  he@lth g enyironmental policy
trepds values @ adaptati i i
e 'On- systainable désign sustainabjgiarchitectur
etStaprism @ gystaifableconsumption >~
inable cc K ;
® - . s & green@uilding
- . S = sogiet:
eacesnie SUStaIiNAD lopment ot
. p é < strategy

{f es‘u ) ruictien indust
contentanalysis “governange B @ Genergy adaptiofl’ constructien industry

mdustnuecologyenvn*nem & S i g lllty Z inwwycases:udy

P 2 s dynamic capabilities
@ p@y @ impacts perspective y: P: ®

lifelongdearning edugation climateghange | b stakehpl;exfs 3 gusr@ab’uepplt‘:hal
quality model™ eﬁogjna, ance @ "
R ® water @ P —_— e/
educatiw for sustainab 7 v;ue o segor
agend@ 2030 . univegsities ®- - fidhs

niversity Sustainableinnovation

U
carbonfootprint™ Serdition smes china market orientation

risk

higher egucation oPP@ITAID, fustalnableentrepreneu

o entreprepeurship
investment

advantage

Figure 4. The bibliometric analysis on the sustainable development
Source: Elaborated by the anthors using V' OSviewer software

Against the backdrop of concerns for sustainable development, the meta-analysis
conducted captures 10 clusters of scientific interest that impact sustainable development in
relation to energy efficiency (Figure 4).

In the paper Asymmetric effects of energy efficiency and renewable energy on carbon
emissions of BRICS economies: evidence from nonlinear panel autoregressive distributed lag
model (Akram et al., 2020) the authors present a lagged distribution model demonstrating that
energy efficiency and increasing the share of energy consumption from renewable sources
(Sharma et al., 2021) are key to improving environmental quality. The authors conclude that
investments in R&D and innovation are needed to achieve energy efficiency targets for
industries that limit environmental pollution (Khan et al., 2021). Also in this regard (Nathaniel
et al., 2021) they analyse the impact of nuclear energy with a focus on diversifying clean energy
sources in the energy consumption basket. According to (Ibrahim & Alola, 2020) quantifying
renewable energy in the current context of sustainable development is a source of
strengthening environmental sustainability. Other authors (Mohsin et al., 2021) show that
monitoring greenhouse gas pollution, a modern-day necessity, can help economic policy
makers in improving energy strategies and increasing the sustainability of the economy.
Another study (Moreau & Vuille, 2018) presents a current solution of decarbonising economic
activities and increasing energy security by reducing the level of energy consumption from
non-renewable sources in industrial sectors and increasing economic activity in the tertiary
sector with an impact on economic sustainability. From another perspective (Nawaz et al.,
2021) presents the trilemma association of energy consumption, carbon emission, and
economic growth, the solution in this regard proposed by the authors is to increase the
investment process and development of technologies in the energy sector. According to
(Namahoro et al., 2021) renewable energy consumption contributed to mitigating CO2
emissions, while energy intensity promoted emissions across regions and income levels. The
environmental stress assigned by (Zhang et al., 2020) to energy consumption can be analysed
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through the Environmental Kuznets Curve (Adebayo et al., 2022; Moutinho et al., 2017,
Sterpu et al,, 2018), the authors believe that increasing consumption from renewable sources
can prevent environmental degradation, reduce climate change (Dellink et al, 2017) and
improve ecosystem health. The authors propose pollution reduction actions such as
monitoring air pollution based on reducing industrial energy consumption, reducing the use of
fossil fuels and switching to green fuels (Leal et al., 2019; Li & Lin, 2017; Magazzino et al.,
2021; Sohag et al., 2019; Wang et al., 2020) that also improve energy security. According to the
authors, energy efficiency is a cost-reducing factor as well as a factor in reducing
environmental impacts. Another study (Fu et al., 2021) highlights the dynamic role of energy
security, energy equity and environmental sustainability in the dilemma of emission reduction
and economic growth and proposes to use the Energy Trilemma Index (ETI) 2018 of the
Wortld Energy Council (WEC) to measure, evaluate and assess the energy efficiency of the top
ten best-performing countries around the world.

3. Research methodology
The working methodology consists of the identification of energy efficiency indicators

in international reporting (databases OECD (OECD, 2022) si Eurostat (Eurostat, 2022b)
followed by the data consolidation technique applied to the selected information, resulting in a
homogeneous modelled record over the period 2000-2021 to be modelled using the multiple
linear regression method for the following indicators:

e Primary energy supply Total, Toe/1 000 US dollars, 2000 — 2021

e Crude oil production Total, Thousand toe, 2000 — 2021

e Electricity generation Total, Gigawatt-hours, 2000 — 2021

e Final energy consumption in households per capita, 2000-2021

e Real GDP per capita, 2000-2021

Data were collected for the following 6 European countries: Germany, France,
Austria, Greece, Bulgaria and Romania. The reason for selecting the group of 6 countries is
the significant level of regional disparities in economic and industrial development as well as
the level of disparity in the efficiency of the energy industry in the Member States.

The working hypotheses are:

H1: Energy efficiency is directly dependent on the domestic electricity generation
capacity of Member States;

H2: The level of regional energy efficiency disparity is influenced by the variability of
the Crude oil production indicator in European Member States;

H3: Domestic generation capacity influences the level of energy efficiency in Member
States, which is enhanced by the level of economic development indicated by the GDP per
capita deflator.

The econometric model is obtained by applying the linear regression model to the
records in the consolidated database with the dependent variable Primary energy supply
selected. The data were processed using SPSS vs 25 statistical software.

The conceptualized regional dynamic model is presented in the 6 equations below:
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PrimaryEnergySupply (AUT)
= —0.0000004 = ElectricityGeneration(AUT) + 0.00001
* CrudeOilProduction(AUT) — 0.0000011 = GDPecap(AUT)
+ 0.0000427 = FinalEnergyConsHHecap(AUT) + 0.103123
PrimaryEnergySupply (BGR)
= 0.0000001 = ElectricityGeneration(BGR) + 0.0020289
* CrudeOilProduction(BGR) — 0.0000251 = GDPcap(BGR)
— 0.0000062 * FinalEnergyConsHHcap(BGR) + 0.2309931
PrimaryEnergySupply (FRA)
= 0.0000002 = ElectricityGeneration(FRA) + 0.0000218
* CrudeOilProduction(FRA) — 0.0000038 = GDPcap(FRA)
+ 0.0000626 * FinalEnergyConsHHcap(FRA) + 0.0364084
PrimaryEnergySupply (DEU)
= 0.0000001 = ElectricityGeneration(DEU) + 0.000004
+ CrudeQilProduction(DEU) — 0.0000036 = GDPcap(DEU)
4+ 0.0000376 = FinalEnergyConsHHcap(DEU) +0.1163441
PrimaryEnergySupply (GRC)
= 0.0000012 = ElectricityGeneration(GRC) + 0.0000556
* CrudeQilProduction(GRC) — 0.0000026 = GDPcap(GRC)
+ 0.000054 = FinalEnergyConsHHcap(GRC) + 0.0393287
PrimaryEnergySupply (ROU)
= —0.0000001 = ElectricityGeneration(ROU) + 0.000023
* CrudeOilProduction(ROU) — 0.0000057 = GDPcap(ROU)
+ 0.000108 = FinalEnergyConsHHecap(ROU) + 0.0010165

©)

)

®)

From the equations presented it can be seen that in general the regression coefficients
are positive for Crude Oil Production, Final energy consumption in households per capita and
Electricity generation while for GDP per capita the coefficients are negative.

Table 1 shows the summary of the model both in terms of the regional component
and in relation to the unselected regional components, the overall level being above 60%,
statistically significant correlation, for Austria, Bulgaria, France, Germany and Romania and
below 60% for Greece. There were 4 highly statistically significant correlations with an index
of determination above 93% for Bulgaria, France, Germany and Romania, while in Greece
and Austria the level of significance is much lower, which confirms hypothesis 1 of the study
(Energy efficiency is directly dependent on domestic electricity generation capacity in the
Member States).

Table 1. Model Summary
Ra.b,c Change Statistics Durbin-Watson Statistic
" R | Adjusted Stdfh“‘”
Model| 1 ycation | Location Square | R Square orthe 1R Square F Chaneeldft lae Sig. F | Location | Location
selected | unselected Estimate Change ang Change | selected | unselected
AUT | 0.822 0.277 0.676 0.600 | 0.003424 | 0.676 8.866 | 4 | 17| 0.000 0.655 0.033
BGR | 0.973 0.487 0.946 0.933 | 0.009691 | 0.946 | 74.588 | 4 [17| 0.000 1.676 0.073
FRA | 0.975 0.101 0.952 0.940 | 0.002553 | 0.952 | 83.551 | 4 (17| 0.000 1.983 0.075
DEU | 0.993 0.528 0.986 0.983 | 0.001550 | 0.986 | 301.940 | 4 | 17| 0.000 1.465 0.041
GRC | 0.760 0.000 0.578 0.478 | 0.004308 | 0.578 5.810 | 4 | 17| 0.004 0.938 0.034
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ROU | 0.989 0.643 0978 | 0972 | 0.004755 | 0.978 | 185.580 | 4 | 17| 0.000 1.509 0.005

. Predictors: (Constant), FinalEnergyConsHHcap, CrudeOilProduction, ElectricityGeneration, GDPcap
b. Unless noted otherwise, statistics are based only on cases for which Location ={AUT, ot BGR, or FRA, or DEU, or GRC,
or ROU}
c. Dependent Variable: PrimaryEnergySupply
Source: Authors' caleulations using SPSS v 25

From the data presented in Table 1 it appears that there is a leftward skewness of the
regression distributions for all the Member States analysed except France, which confirms
working hypothesis 2 (the level of regional disparity in energy efficiency is influenced by the
variability of the Crude oil production indicator in the European Member States). With regard
to the value of the F function, it can be seen that domestic generation capacity influences the
level of energy efficiency in the Member States, which is enhanced by the level of economic
development indicated by the GDP per capita deflator (working hypothesis 3).

Table 2 shows the Anova analysis confirming the validity of the models by means of
the distribution of degrees of freedom and the value of the Sig coefficients assigned to the F
function, which is lower than the selected threshold of error representation, allowing in all
cases to reject the null hypothesis and maintain the alternative hypothesis.

Table 2. ANOVA
Modelab Sum of | df | Mean F Sig.c | Model || Sum of | df | Mean F Sig.
Squares Square Squares Square
Regression | AUT 0.000 4 ] 0.000 | 8806 | 0.000 | DEU | 0.003 | 4 0.001 | 301.940 | 0.000¢
Residual 0.000 17 | 0.000 0.000 | 17 | 0.000
Total 0.001 21 0.003 | 21
Regression | BGR 0.028 4 | 0.007 | 74.588 | 0.000¢ | GRC | 0.000 | 4 0.000 5.810 | 0.004«
Residual 0.002 17 | 0.000 0.000 | 17 | 0.000
Total 0.030 21 0.001 | 21
Regression | FRA 0.002 4 | 0.001 | 83.551 | 0.000¢ | ROU | 0.017 | 4 0.004 | 185.580 | 0.000¢
Residual 0.000 17 | 0.000 0.000 | 17 | 0.000
Total 0.002 21 0.017 | 21
a. Dependent Variable: PrimaryEnergySupply
b. Selecting only cases for which Location ={AUT, or BGR, or FRA, or DEU, or GRC, or ROU}
c. Predictors: (Constant), FinalEnergyConsHHcap, ElectricityGeneration, CrudeOilProduction, GDPcap

Source: Authors' caleulations using SPSS v 25

The Anova table shows that the model is representative of the phenomenon studied
and that the possibilities of achieving energy efficiency depend both on the structure of the
energy balance in the Member State and its economic capacity.

4. Results and Discussion

The analysis of energy efficiency based on the projected dynamic regional model
shows that the regressors vary differently depending on the level of regional development but
also on the energy autonomy of each country (Table 3).
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Table 3. Pearson correlation coefficients of variable dependence with model regressors

=S Regressors AUT BGR FRA DEU GRC ROU

o g,

'c% w% ElectricityGeneration -0.666 -0.376 0.020 -0.377 0.292 -0.628

T ®

S & CrudeOilProduction 0.661 0.843 0.876 0.948 0.356 0.983
ad}

=

3 g GDPcap -0.789 -0.960 -0.833 -0.970 -0.008 -0.9604

< =

Sl FinalEnergyConsHHcap 0.363 -0.855 0.787 0.839 0.382 -0.700

Source: Authors' caleulations using SPSS v 25

Thus, Austria, Bulgaria, Germany and Romania have a negative correlation of
electricity supply in the primary sector to power generation capacity. The most significant
negative correlations are found for Austria and Romania, at the opposite pole the weakest
correlation is found for France and Bulgaria. This is in line with the official statistic that
Germany had the highest level of net electricity generation in 2020 among EU Member States,
accounting for 20.5%. Between 2019 and 2020, 16 EU Member States reported a decrease in

their level of electricity generation in 2020, with some of the largest decreases recorded in
Bulgaria (-7.7%) (Eurostat, 2022a).

=== ElectricityGeneration === CrudeOilProduction GDPcap FinalEnergyConsHHcap

AUT
1,000

ROU BGR

GRC FRA

DEU

Figure 5. Graphical representation of correlation differences of regional models

according to the variation of Pearson coefficients
Source: Elaborated by the authors
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Figure 5 shows the regional disparities of the proposed model, demonstrating that in
relation to regional coordination energy efficiency is a desideratum on which the European
Union still needs to take many steps to achieve a coherent energy efficiency function
throughout the European area.
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Figure 6. Distribution of partial correlations for the model dependent variable

indicator and GDP regressor
Source: Authors' calenlations using SPSS v 25

Figure 6 shows the distribution of partial correlations of the dependent variable with
the level of regional welfare, which is favourable to the developed economies, Austria, France
and Germany, the weakest correlation, as shown in Table 1, being that of Bulgaria, which does
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5. Conclusion

The study is a topical one based on the needs of European economies for energy
security and sustainability, configuring possible development directions based on regional
disparities in achieving this goal. The objectives of the study have been achieved, as the
authors have carried out an extensive literature survey (more than 13,700 articles published in
the last 5 years) which has shown that the research orientation on energy efficiency is in line
with the principles of sustainable development, increasing the share of renewable energy
sources in the final consumption of the population as well as identifying methods to achieve
energy efficiency and alignment with the EU targets set by the Green Deal Pact. On the basis
of the literature research, the working hypotheses were established and demonstrated during
the testing and validation of the proposed dynamic regional model, resulting in the fact that
the factors that generate the direct dependence of energy efficiency on energy policies are the
generation capacity, the production capacity in the primary sector and the level of economic
development, with significant regional disparities in energy efficiency in relation to these
factors. The model was implemented on the basis of statistical data from 200-2021 collected
for the main statistical indicators assessing the energy status in 6 European Member States
Germany, France, Bulgaria, Austria, Greece and Romania. The results of the study are useful
for energy policy makers to reorient the energy development strategy in the current context of
energy crisis. The limitations of the study lie in the relatively small number of indicators
analysed and the limitation of the regional dimension to the six countries analysed, and the
authors propose to extend these research directions in a new study.
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