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Abstract: Energy is a globally important factor of production - the
growth of population and income increase energy consumption, so there
is an urge to decrease it. However, there are different ways to reduce
energy consumption, and one of them is energy efficiency. The aim of
the paper is to give a theoretical review of energy efficiency and its
benefits. The purpose of the paper is the analysis of economic and
environmental indicators and energy efficiency in EU27 (after 2020)
and Serbia. The trends of energy efficiency, GDP per capita and GHG
emission are shown for the observed countries. The European and
Serbian policies and targets for energy efficiency are presented and also
the level these countries have reached the set targets. In order to see
the relationship between energy efficiency, GDP per capita and GHG
emission, the correlation among all variables is applied. The results
show that energy efficiency is higher in EU27 than in Serbia. Even
though Serbia had energy efficiency increase during the observed
period (1995-2018), it lags behind the EU27. However, there is a
positive correlation between energy efficiency and GDP and GHG
emission in both EU27 and Serbia.

Keywords: energy efficiency, GDP, energy, CO2 emission, European
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JEL classification: 013, 049, Q43



460 Jednak et al. / Economic Themes, 58(4): 459-477

1. Introduction

Energy is one of the inputs in achieving economic growth. As population and
industrialisation are growing, the energy demand and consumption and
environmental pollution are also rising. Obtaining sustainable development and
bringing down energy consumption, energy demand, and greenhouse gases (GHG)
emission are contemporary and ongoing issues. There are theories that capital, labour
and technology are factors of production. In energy economics, energy is taken as the
only factor of production due to assessment energy efficiency (Zweifel, Praktiknjo &
Erdmann, 2017).

Energy efficiency is the efficient use of energy, and it can be defined from
different aspects (technical and economic sides). It can be applied at different levels
from households through sectors, buildings, communities, energy systems to national
economy. Promoting energy efficiency can obtain economic, environmental and
social benefits. Some of many benefits are: enhanced environment, economic
development and sustainability, a decrease of energy demand, energy consumption,
and energy imports dependency, the contribution of energy security, better health and
well-being, etc. (IEA, 2019; Ryan & Campbell, 2012; Kerr, Gouldson & Barrett,
2017; Rosenow & Bayer, 2017; Fawcett & Killip, 2019). Besides benefits, energy
efficiency improvement can also have negative impacts, such as the rebound effects
and other disadvantages like economic barriers, awareness and consumer behaviour,
not cost-effective investments (Gillingham, Rapson, & Wagner, 2016, Trianni,
Cagno& Farné, 2016, Safarzadeh & Rasti-Barzoki, 2019).

Since the oil crisis in 1970s, energy efficiency has been present in global and
national strategies, policies, directives and regulations. Today, it is an issue that is
incorporated in energy policy, law carbon energy policy or the policy of energy
efficiency (Tracking Report, 2019; Malinauskaite, Jouhara, Ahmad, Milani,
Montorsi, & Venturelli, 2019). Each country should implement policy in line with its
economic development and opportunities, but also with the sustainable economic
development goals and global policy.

The focus of the paper is on the analysis of energy efficiency in EU27 and
Serbia. The paper aims to show the benefits of energy efficiency and relationships
between the selected economic and environmental indicators, and energy efficiency
in observed countries. Furthermore, a short review of economic and environmental
benefits of energy efficiency will be given. According to IEA (2019) economic
benefits are the following: macroeconomic impact, industrial productivity, health
and well-being, employment, disposable income, public budget, asset values,
poverty alleviation, while environmental and energy benefits are: GHG emission,
energy security, energy saving. However, the purpose of the paper is to show the
benefits and relationship between energy efficiency and the selected indicators:
gross domestic product - GDP (economic indicator) and GHG/CO, emission
(environment indicator).
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In the paper, it is presented a theoretical review of energy efficiency in the
observed countries and correlations of the selected indictors. The results show that
energy efficiency is higher in EU27 than in Serbia. Although Serbia had energy
efficiency increase during the observed period (1995-2018), it lags behind EU27.
Energy efficiency varies among EU27 due to economic activities, consumer
behaviour and the use of resources. It is higher in advanced member countries than
in member countries from Eastern Europe. EU27 is becoming closer to obtain the
set EU strategy 2030 targets than Serbia. Serbia has to do more to improve energy
efficiency, in order to reach the set targets. There is a positive correlation between
energy efficiency and GDP and GHG emission.

The structure of the paper is as follows. After the introduction, the second
section offers a review of energy efficiency and trend in EU27 and Serbia,
followed by the section about strategy and set targets. The fourth section presents
economic and environmental benefits of energy efficiency. The fifth section shows
the relationship between energy efficiency and GDP, and CO; emission, followed
by the results and discussion. The final chapter gives the concluding remarks.

2. Trends of energy efficiency in EU27 and Serbia

According to the definition of efficiency, energy efficiency presents the amount of
energy output that can be produced with a given energy input, or reduction of the
amount of energy (input) for the production of material goods and services
(output). According to the EU Energy Efficiency Directive (European Parliament,
2015), it is the ratio of the output of performance, goods, services or energy and
energy input. Various factors affect energy efficiency, including: technological (in
terms of energy-using equipment), economic and financial (in terms of income and
energy prices), institutional (in terms of infrastructure, property rights, etc.) and
cultural (attitude, behaviours, etc.) (Nagesha & Subrahmanya, 2006). Energy
efficiency can be enhanced by better resource management or replacing the devices
with unfavourable energy ratings, but investment has to pay off and to outweigh
the costs (Zweifel, Praktiknjo & Erdmann, 2017).

Energy efficiency is measured as monetary (energy per unit of product in euro)
and physical (tons of coal per ton of steel) indictors like energy intensity, the
efficiency of the overall energy system, net energy, energy use index (EUI),
ODEYSSEE-MURE composite indicator, and others. Over time, various authors
have tried to find even more appropriate measure for energy efficiency and its
benefits. Energy intensity, an economic-wide measure, is applied in various studies
concerning the EU and other countries. Energy intensity is measured in terms of
primary energy consumption and GDP. It shows how much energy is needed to
produce a unit of GDP. It is reciprocal to energy efficiency of a country's
economy. The higher value of energy intensity shows the higher cost of converting
energy into GDP, i.e. there is low energy efficiency. The lower value of energy
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intensity shows higher energy efficiency. Indicator Energy intensity of GDP in
chain-linked volumes (2010), presented units in kilograms of oil equivalent
(KGOE) per thousand euro is taken from Eurostat.

Due to economic structure, level of industrialisation, energy mix and applied
energy efficiency measurements, there is a difference in energy intensity. Petrovic,
Filipovi¢ & Radovanovi¢ (2018) determined the factors that make energy intensity
in the EU countries. Gross fixed capital formation and gross industrial value added
have a positive influence on energy intensity. In contrast, real per capita gross
domestic product and oil products retail price have a negative influence.
Goldemberg (2020) evaluates the energy intensities of developing countries.
According to Goldemberg (2020), world energy intensity declines due to the
change in the world's energy mix, the raise in the efficiency of conversion of the
heat content of fossil fuels into mechanical energy, the use of electricity,
technological "leapfrogging" and environmental issues arising from the coal use.
Mussi (2020) explores convergence in energy intensity in the European Union. The
results show that convergence is present in the first year's membership
consideration, and a slowdown in the following years. Cornillie & Fankhauser,
(2004) identify the energy intensity decline in transition countries, but the decline
has been uneven among the observed countries. Sadorsky (2013) explores energy
intensity in developing countries. The author finds that income increases energy
intensity, and the impact of urbanisation is mixed.

Energy efficiency should be enhanced by production, using energy efficiently
to final consumption and consuming less. Energy efficiency measures are focused
on the sectors that can obtain energy efficiency, such as buildings, transport and
services. Figure 1 shows the energy intensity in EU27 and Serbia for the period
1995-2018. Energy intensity is calculated as a ratio of gross inland energy
consumption (thousands of tons of oil equivalent) and real GDP (2010 in chain-
linked volumes, in thousands of euros) (Eurostat). The energy intensity in Serbia is
much higher than in EU27. For example, in 2018, energy intensity in EU27 was
123.30, while in Serbia it was 428.60 (Eurostat, 2019). During 1995-2018, Serbia
and EU27 countries had a decrease in energy intensity. In the period between 1995
and 2018, the EU's energy intensity dropped by 31%, while Serbian energy
intensity decreased by 55%. Energy intensity in Serbia is four to five times higher
than in the advanced EU countries. It means that Serbia has higher energy
consumption than EU countries in order to produce the same output. Bulgaria, the
Czech Republic, Hungary, Latvia, Lithuania, Malta, Poland, Romania, Slovakia
and Slovenia all have high energy intensity. In 2018, Bulgaria (414.36) had a
relative value of energy intensity similar to Serbia. Those countries (especially
Romania, Slovakia and Lithuania) recorded energy intensity decline due to
economic structure changes. Even so, they still stay behind the advanced EU
member countries.
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Figure 1 Energy intensity in EU27 and Serbia, 1995-2018
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The result of a low level of energy intensity is due to the EU and national
directives and initiatives. For example, the EU launch initiatives like promoting co-
generation, the performance of buildings and energy labelling for a domestic
appliance. According to EEA (2019), over this period, the energy efficiency of
end-use sectors (final consumers) was improved by 30% at an average rate of 1.4%
per year. This energy efficiency enhancement was driven by all sectors, but mostly
by industry and household sectors and technological innovation. Until 2005, the
EU had a relatively high economic growth and modest increase of gross inland
energy consumption. From 2005, economic growth and gross inland energy
consumption growth were lower due to the economic crisis. However, since 2014,
energy consumption started to increase due to energy efficiency improvement.

In Serbia, the promotion of energy efficient appliances in households, new
energy efficiency in building sector, certification in households, public and
commercial sectors, modernisation in transport, promotion of energy efficiency in
industry, and introduction of energy management system had a significant impact on
the decrease of energy intensity. Even though Serbia implements measures, the high
share of coal in production and industry, energy-intensive industries, a high share of
households in final energy consumption, and unrealistic price of energy and energy
products have a disincentive effect on activities to increase energy efficiency.

There are various factors that can influence energy consumption. Krsti¢ et al.
(2019) review empirical methods to determine the influence of factors that have
impact on consumption. Economic structure, energy mix and economic growth
they all affect energy consumption. If energy-intensive countries increase
production, they boost demand for primary energy fuel. This means that income
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rise will push up energy consumption. Energy efficiency leads to a decrease in
energy consumption. According to Sorrell (2015), the correlation between raised
wealth and raised energy consumption is very strong. Also, the paper shows the
impact of limitations and contents of the policies on reduction of energy demand.
This kind of relationships can be seen in energy consumption in the observed
countries (EU27 and Serbia). Figures 2a and 2b show primary energy consumption

in the observed countries. Energy consumption is much higher in EU27 than in
Serbia. Energy consumption depends on population and income.

Figure 2a. Primary energy consumption in EU27, 1995-2018, millions of tonnes of oil
equivalent (Mtoe)
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Figure 2b. Primary energy consumption in Serbia, 1995-2018, millions of tonnes of oil

equivalent (Mtoe)
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From 1995 till 2007, there was a rise in primary energy consumption, and then
the slope of the energy consumption in EU27. The peak was in 2006 (1511.19
Mtoe), and the lowest level in 2014 (1331.63 Mtoe). In Serbia, from 1995 there
was a rise in energy consumption, then a slope in 1999. With economic reform that
started in 2000, energy consumption started growing. In 2004 it reached value of
17.6 Mtoe. From 2005 till 2018 there was a relatively steady energy consumption.
The energy consumption decreases during economic crisis. The lowest energy
consumption was in 2014 (12.83 Mtoe). After that, energy consumption increased.
In 2018, energy consumption in EU27 was 1375.66 Mtoe and in Serbia it was
14.79 Mtoe.

The energy mix influences energy efficiency, i.e. energy intensity. Energy
intensity decreases mainly due to fuel substitution apart from coal (Reddy & Ray,
2010; Goldemberg , 2020). Table 1 shows EU27 and Serbia energy mix.

Table 1. EU 27 and Serbia energy mix, 1995, 2000, 2010 and 2018 (%)

EU27 Serbia EU27 Serbia
1995 20.95 64.84 1995 5.58 11.64
2000 18.14 63.7 2000 6.26 12.14
Renewables and
Solid fossil fuels 2010 15.26 49.67 biofuels 2010 10.81 13.17
2018 13.81 48.56 2018 14.59 12.99
A2018-1995 -7.14 -16.28 A 2018-1995 +9.01 +1.35
1995 18.23 9.9 1995 13.78 0
2000 20.06 113 2000 14.43 0
Natural gas 2010 22.86 11.87)  Nuclear heat 2010 13.74 0
2018 21.32 13.71 2018 12.86 0
A2018-1995 +3.09 +3.81 A 2018-1995 -0.92 0
1995 40.63 13.87
Oil and petroleum 2000 4031 10.95
products (excluding 2010 36.45 25.39
biofuel portion) 2018 35.95 24.66
A 2018-1995 -4.68 +10.79

Note: A2018-1995: the change that occurred in the period 2018-1995

Source: Authors based on Eurostat data

In 2018, the EU's energy mix was made up of the following resources: solid
fossil fuels (13.81%), natural gas (21.32%), oil and petroleum products (including
crude oil) (36 %), renewable energy and biofuels (14.59%) and nuclear energy
(12.86%). The resources such as oil shale and non-renewable waste have not been
presented due to a small share - less than 1%. The shares of various energy sources
in the total energy differ among the EU countries. The energy mix in Serbia was
made up of: solid fossil fuels (48.56%), natural gas (13.71%), oil and petroleum
products (including crude oil) (24.66%), renewable energy and biofuels (12.99%)
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and nuclear energy (0%). If we compare 1995 and 2018, the contribution of solid
fossil fuels (coal) was reduced by 7.14% in EU27 and by 16.28% in Serbia. At the
same time, the share of renewables and biofuels rose by 9.01% in EU27 and by
1.35% in Serbia. The change in energy mix structure shows that the observed
countries apply the measurement of energy efficiency due to the increase of
renewable energy resources.

3. EU and Serbian policy and targets for energy efficiency

Knoop & Lechtenbohmer (2017) give a review of studies on energy efficiency
potentials in the EU countries by 2030. Using different scenarios, they analysed the
EU national energy efficiency potentials countries envisaged for 2030. DeLlano-
Paz, Fernandez & Soares (2016) analysed the 2030 EU policy economic and
environmental objectives through the Markowitz portfolio theory application.
Markandya, Pedroso-Galinato & Streimikiene (2006) showed that transition
countries converge to EU countries due to energy intensity. Bertoldi & Mosconi
(2020) presented an econometric model for energy saving estimation inducing
energy efficiency policies in the EU. They found that energy efficiency leads to a
decrease in energy consumption in EU countries.

The Europe 2020 strategy (European Commission, 2010) has set a goal in terms
of energy to be achieved by 2020, including: improving energy efficiency by 20%,
increased share of renewable energy sources in final energy consumption to 20%
and decrease in greenhouse gas emissions by 20% compared to 1990. Also, the
2030 Framework for Climate and Energy (European Commission, 2020) was
adopted, which set targets to be achieved by 2030: at least a 40% reduction in
greenhouse gas emissions compared to 1990 levels, at least 32% share of
renewable energy and at least 32.5% energy efficiency improvement. Specifically,
it means that final energy consumption is 956 Mtoe and/or primary energy
consumption of 1,273 Mtoe. Directives were set for different sectors and products
in order to meet the set targets. According to Eurostat (2020), the primary energy
consumption in 2018 reached 1376 Mtoe, 0.71 % less than in 2017. Final energy
consumption reached 990 Mtoe, 0.02% more than in 2017. These results show that
primary energy consumption is 4.9% above EU 2020 targets and 22% away from
EU 2030 targets. The final energy consumption had a peak in 2006 (1046 Mtoe),
and the lowest level in 2014 (937.5 Mtoe). In 2018, the final energy consumption
was 3.2% above EU 2020 targets and 17% away from the EU 2030 targets.

Serbia, as the EU candidate country and the member of European Energy
Community, has the obligation to fulfil EU energy treaty and other EU Directives
in energy sector (Jednak et al., 2009). Therefore, some regulations are established
due to conditions to energy efficiency improvement: The Energy law (2004), Law
on Efficient Use of Energy (2013), the National Action Plan for energy efficiency
(2010) and Energy Sector Development Strategy of the Republic of Serbia for the
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period until 2025 with projections to 2030 (2015). In line with Energy Community
Treaty and national regulations, Serbia should decrease final energy consumption,
increase the share of renewable energy, obtain GHG emission reductions, and
increase energy efficiency. Serbia has to achieve EU Strategy 2030 targets by
setting its own national energy efficiency targets as final energy consumption,
primary or final saving, or energy intensity. The first National Action Plan for
Energy Efficiency of the Republic of Serbia for the period (2010-2012) set
indicative targets for reducing final energy consumption by 9%, compared to the
level of final energy consumption from the beginning of 2008 to the end of 2018 or
0.7524 Mtoe. According to the third Action Plan for Energy Efficiency of the
Republic of Serbia for the period until 2018 (2017) at the end of 2015, about 50%
of energy saving is achieved as a set target. Also, the energy saving target was set
as a decline in energy consumption by 0.3824 Mtoe till 2018 or 4.6% savings
compared to 2008. According to Eurostat, primary energy consumption in 2008
was 15.9 Mtoe and in 2018 it was 14.8 Mtoe. Final energy consumption in 2008
was 9.5 Mtoe and in 2018 it was 9.0 Mtoe. The lowest energy consumption was in
2014 - 7.9 Mtoe. In both cases, energy consumption declined, but Serbia has a plan
for its government to get more influence due to regulations to obtain energy
efficiency.

4. Economic and environmental benefits of energy efficiency
improvements

There is a range of economic, environmental, social and energy outcomes of the
improved energy efficiency. Those benefits include: affordable energy and its
access, social development and enhanced well-being and health. On economic
level, i.e. localisation, benefits are on individual, sectoral, national, and economy-
wide levels. Health and well-being, poverty reduction and disposable income raise
are on the individual level (personal, household, and company level). Productivity
of industry, competitiveness, energy provision, improved asset values and reduced
environmental pollution are sectoral benefits. On the national level there are the
following benefits: job creation, reduction of energy-related public expenditure,
energy security, and macroeconomic effects (GDP and employment increase).
Energy security, development goals (economic development, competitiveness,
income rise, job creation, moderate energy prices, natural resource management,
GHG emission mitigation and poverty alleviation are economy-wide benefits
(Ryan & Campbell, 2012). The improvement of energy efficiency brings forth
multiple benefits, and it is a cost-effective activity. In order to obtain benefits from
energy efficiency, governments provide various institutional, regional, fiscal and
financial incentives (Markovi¢ et al., 2013). Besides benefits (desired outcomes),
the improvement of energy efficiency causes direct and indirect rebound effects
(undesired outcomes).
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A review of the influence of energy efficiency improvement on GDP,
employment and CO; emission will be given here. Investments in energy efficiency
lead economic structure to less energy-intensive activities and more labour-
intensive activities. Furthermore, the implementation of energy efficiency measure
in buildings improve investments in goods and services. Those investments are a
component of GDP (Stanisi¢, 2018). Investments and decrease in energy demand
both influence the increase in GDP (Holmes & Mohanty, 2012, Stanisi¢c, 2017).
Energy efficiency increase will reduce energy bills, cut energy prices and costs,
and increase the production (Barker et al., 2007). Improved energy efficiency with
energy demand reduction by 8 to 15% has a potential impact on GDP increases
from 0.8% to 1.26% (Ryan & Campbell, 2012).

Investments in energy efficiency programs can create jobs both directly and
indirectly. Directly - the creation of jobs while the energy efficiency project is
being carried out. Indirectly - through consumer surplus spending, i.e. the euros
saved from lower energy bills are spent on the economy (Bell, 2014). Indirect job
creation refers to the jobs associated with the supply chain specific project. The
effectiveness of creating jobs by energy efficiency program depends on size and
structure of financing and type of energy saving. According to Wade et al. (2000),
26.6 jobs are created for every € 1 million spent in an energy efficiency action.
According to Bell (2014), energy efficiency supports 20.3 jobs per $1 million in
investments. Energy efficiency measures along with 30 renewable portfolio
standards could bring over 4 million full-time jobs by 2030 (Wei et al., 2010).
Janssen & Staniaszek (2012) show that investing €1 million in enhancing building
stock energy efficiency will make 19 new direct jobs in the sectors of construction.
Investments in energy efficiency projects influence the rise of both GDP and
employment.

Energy efficiency improvements positively affect the environment due to
energy demand reduction and drop in fossil fuel consumption that results in
reduced GHG emission (Holmes & Mohanty, 2012). Energy efficiency
improvement in industry results in the reduction of CO, emission (Sathitbun-anan
etal., 2014; Joelsson, 2008).

5. Relationship between energy efficiency and economic and
environmental indictors

5.1 Relationship between energy efficiency and GDP and employment

In transition and emerging countries, a high economic growth rate can be achieved
by the energy-intensive industry and infrastructure. However, this growth is
followed by large energy consumption and environmental pollution (Zhao & Zhao,
2019). Due to negative effects, energy efficiency should be applied in order to
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bring economic benefits and increase of GDP and employment. According to IEA
(2019) energy efficiency has the potential to boost economic growth.

There is a connection between energy efficiency and GDP in the sense that
improving energy efficiency leads to GDP increase (Kaufinann, 2004, Gvozdenac-
Urosevic¢, 2010, Chang & Shieh, 2017). Hartwig, Kockat, Schade & Braungardt
(2017) use bottom-up modelling and input-output based model to present positive
effects of energy efficiency policy on the GDP and employment. The Econometrics
study (2015) assesses the linkage between energy efficiency and employment
across Europe. Also, in this research, a CGE model and a macro-econometric
model are used to estimate how the EU energy efficiency target would have an
impact on GDP. Deichmann, Reuter, Vollmer & Zhang (2018) show the relation
between energy intensity and economic growth, applying a flexible piecewise
linear regression model. The results suggest the rapid decrease of energy intensity
as poor countries achieve economic growth, but when income rises, it is vital to
sustain the rate of reduction in energy intensity.

Figures 3a and 3b present the relationship between energy intensity and real GDP
per capita growth in EU27 and Serbia for the period 2000-2018. This indicator is
available only from 2000. Due to this fact, the observed period is shorter.

Figure 3a Energy intensity and real GDP per capita growth in EU27, 2000-2018
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In both EU27 and Serbia, we can see a negative relationship between real GDP
per capita and energy intensity.
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Figure 3b. Energy intensity and real GDP per capita growth in Serbia, 2000-2018
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5.2. Relationship between energy efficiency and GHG emission

The use of non-renewable sources of energy has an impact on the environment
pollution and indirect impact on public health. Moving toward renewable resources
enhances sustainable development and social well-being (Saad & Taleb, 2018).
Herring (2006) shows that a more effective CO; policy means switching to non-
fossil fuels, like renewable and limit energy consumption. According to Siitonen et
al. (2009), the improvement of energy efficiency is the most promising measure for
decrease of global CO; emission. CO, emission brings down (Su & Ang, 2012,
Zhang, Ren, Zhou, Yu & Chen, 2018) along with energy efficiency. In Serbia,
about 76% of all GHG emissions come from the energy sector.

Figures 5a and 5b present the relationship between energy intensity and
greenhouse gas emission in EU27 and Serbia for the period 2000-2017. This
indicator is available only from 2000, due to this fact, the observed period is shorter.

Prior to testing the correlation among the selected variables, the variables’
values are transformed into their natural logarithm form. This data transformation
into their natural logarithm is to ensure that the results are efficient, reliable and
consistent (A/i et al., 2019). A similar correlation analysis was used in Stosi¢ and
Minovi¢ (2014), but with different variables.

per thousand euro
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Figure 5a. Energy intensity and greenhouse gas emission in EU27, 2000-2017
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Figure 5b. Energy intensity and CO2 emission in Serbia, 2000-2018
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The correlation coefficient among energy intensity, GDP, and GHG emission is
calculated for EU27 (Table 2). The results show that there is a negative statistical
significance at 1% level the correlation coefficient (-0.881) between GDP and
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energy intensity. Then, there is a high and positive statistical significance at 1%
level the correlation coefficient (0.947) between greenhouse gas emission growth
and energy intensity. Finally, there is a negative statistical significance at 1% level
the correlation coefficient (-0.700) between greenhouse gas emission growth and
GDP. These results are similar in some part of the research of Liobikiené¢ &
Mandravickaité (2016).

Table 2. The correlation coefficient for EU27 in the period 2000-2018

Correlation EI GDP GHG
EI 1.000
GDP -0.881 1.000
[-7.465]
(0.000)
GHG 0.947 -0.700 1.000
[11.747] [-3.916]
(0.000) (0.001)

Note: The value of t-statistics is in square brackets. The number in parentheses denotes p-
value. El-energy intensity; GDP-gross domestic product; GHG-greenhouse gas emission.

Source: Authors’ calculation.

Table 3. The correlation coefficient for Serbia in the period 2000-2018

Correlation ElI GDP CO,
ElI 1.000
GDP -0.929 1.000
[-10.384]
(0.000)
CO; 0.683 -0.400 1.000
[3.856] [-1.797]
(0.001) (0.090)

Note: The value of t-statistics is in square brackets. The number in parentheses denotes p-
value. El-energy intensity; GDP-gross domestic product; CO,- CO emission.

Source: Authors’ calculation.
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The correlation coefficient among energy intensity, GDP, and CO, emission is
calculated for Serbia (Table 3). The results show that there is a negative statistical
significance at 1% level the correlation coefficient (-0.929) between GDP and
energy intensity. Then, there is a positive statistical significance at 1% level the
correlation coefficient (0.683) between CO, and energy intensity, and negative
statistical significance at 10% level the correlation coefficient (-0.400) between
CO; and GDP. These results are similar in some part of the researches of
Liobikiené & Mandravickaité (2016) and Gvozdenac-Urosevi¢ (2010).

6. Conclusion

Energy efficiency emerged as an issue starting with the oil crisis, and it gained
importance with sustainable development. As an integral part of sustainable
development, it promotes energy efficiency as a target, in order to give a range of
economic, environmental and energy benefits. This paper provides a theoretical
review of energy efficiency trends in EU27 and Serbia. In the observed countries,
there is an increase in energy efficiency. The policy and strategy are coherent
because Serbia, as an EU candidate country, should fulfil the EU policy. However,
Serbia lags behind EU27 due to poor results in energy efficiency. Furthermore, the
paper shows the relationship between energy efficiency and GDP and GHG
emission. The results show that, along with energy intensity decline, there is a GDP
rise and GHG emission decrease both in EU27 and Serbia. The available data were
limited, so the indicators were analysed for a shorter period of time. This paper is
an introduction to future research. The next research will be dedicated to causality
among energy consumption, renewable energy, income and GHG emission.
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PREGLED EKONOMSKIH INDIKATORA I INDIKATORA
ZIVOTNE SREDINE I ENERGETSKE EFIKASNOSTI:
PRIKAZ EU I SRBIJE

Apstrakt: Energija je globalno vazan faktor proizvodnje. Rast stanovnistva 1
dohotka povecavaju potrosnju energije, ali isto tako postoji potreba za
smanjenjem potrosnje. Postoje razli¢iti nacini da se potrosnja energije smanji, a
jedan od njih je i energetska efikasnost. Cilj rada je da se predstavi teorijski
pregled energetske efikasnosti 1 njenih prednosti. Svrha rada je analiza
indikatora ekonomije 1 Zivotne sredine 1 energetske efikasnosti u EU27 (posle
2020.) 1 Srbiji. Prikazani su trendovi energetske efikasnosti, BDP po glavi
stanovnika 1 GHG emisije u posmatranim zemljama. Predstavljene su evropska
1 srpska politika, ciljevi energetske efikasnosti, kao 1 to da li su oni i na kom
nivou zemlje ostvareni. Da bi se uvidela povezanost izmedu energetske
efikasnosti, BDP-a po glavi stanovnika 1 GHG emisije, primenjena je korelacija
svih varijabli. Rezultati pokazuju da je energetska efikasnost u EU27 veéa nego
u Srbiji. Iako Srbija ima poveéanje energetske efikasnosti u posmatranom
periodu (1995-2018), ona zaostaje za EU27. U EU27 1 Srbiji postoji pozitivna
korelacija izmedu energetske efikasnosti i BDP-a 1 GHG emisije.

Kljuéne reci: energetska efikasnost, energetska intezivnost, BDP, energija,
GHG emisija, Evropska unija, Srbija
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