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Abstract

Energy efficiency is a common element in European energy and climate policies. In
the EU energy policy, energy efficiency is a policy target, and in the EU climate
policy, energy efficiency is a means to achieve the CO, targets. In this paper,
energy efficiency trends in the European Union and its 28 countries are analyzed
during the period 1990—2015 by using the data provided by international Energy
Agency (IEA). Total primary energy supply is decomposed into the effects of
change in population, economic activity, final energy intensity, and the ratio
between primary and final energy use. This paper introduces an incremental
decomposition analysis method based on the Sun-Shapley method. Incremental
decomposition provides information about annual changes. Information for longer
periods can be obtained by summing up the necessary annual results. The
empirical analysis carried out for the EU-28 countries clearly shows the effects of
financial crisis 2008—09. When the whole period 1990—2015 is considered,
despite of significant decrease in energy intensity, total primary energy supply has
decreased only slightly in the EU. Differences between the countries are significant.

Keywords: Information science, Economics, Energy

https://doi.org/10.1016/j.heliyon.2018.e00878
2405-8440/© 2018 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).


mailto:jarmo.vehmas@utu.fi
https://doi.org/10.1016/j.heliyon.2018.e00878
https://doi.org/10.1016/j.heliyon.2018.e00878
http://crossmark.crossref.org/dialog/?doi=10.1016/j.heliyon.2018.e00878&domain=pdf
https://doi.org/10.1016/j.heliyon.2018.e00878
http://creativecommons.org/licenses/by-nc-nd/4.0/

2

| Heliyon
Article No~e00878

1. Introduction

Energy efficiency has been a very common and actual policy objective since the
1970s. At a first glance, energy efficiency seems very handy to offer a win-win sit-
uation: improving energy efficiency decreases energy use and energy costs, and at
the same time, negative impacts related to energy use such as carbon dioxide
(CO,) and other emissions in the air decrease. Thus, improving energy efficiency
is considered as an important means to reach climate policy targets as well as other
policy goals related to energy use, directly or indirectly.

Energy efficiency is one of the most studied phenomenon in the field of energy and
energy policy studies. In the Elsevier ScienceDirect service, keyword “energy effi-
ciency” can be found in the title, abstract and/or keywords of more than 70,000

peer-reviewed research articles, review articles, or book chapters.

Energy efficiency, however, is a relative concept, and as such far from being without
problems (Patterson, 1996; Herring, 2006; Proskuryakova and Kovalev, 2015). This
is one of the reasons to its popularity both in scientific and political discussions. The
win-win solution mentioned above assumes decreasing energy consumption, but
actually per unit of production only. Improvements gained by increasing energy ef-
ficiency per unit are often lost in additional energy consumption, caused either by
increase in amount of the units (direct rebound effect), or consumption elsewhere

(indirect rebound effect). This is the Jevons paradox (Polimeni et al., 2009).

In general systems perspective, efficiency refers to a relationship between the input
and output of a defined system. Change of efficiency over time brings out the com-
mon efficiency idea of getting more from less, which explains the fact that improving
energy efficiency has been a common energy policy goal all over the World from the
1970’s oil shocks. The idea is that using less energy for a certain task decreases en-
ergy consumption and gives better possibilities to use energy sources with a predict-
able price development, which in practice meant domestic energy sources especially

in those countries depending on imported crude oil and imported liquid fuels.

When energy use is chosen as an input of a system, energy efficiency refers to a rela-
tionship between energy use and the output. This kind of definition is valid in all
systems, and it is not dependent on any scale or type of system per se. However,
in practice, the system boundary must be clearly defined. In large systems, the en-
ergy input usually consists of different energy sources such as electricity, heat, or
different types of fuels. Energy efficiency of a system requires that the total energy
input to the system is considered. In large systems, the use of aggregate energy units
is relevant for this reason. On the other hand, also the output should be considered in
total terms, which makes the use of monetary units as an alternative if the physical

units cannot be easily aggregated. One can argue for focusing on systems with only
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one energy source and one output product only, but the question how to select the

systems for analysis remains.

The IPAT identity emerged out of the Ehrlich & Holdren/Commoner debate in the
early 1970s about the driving forces of global environmental impacts (York et al.,
2003). The IPAT identity identifies the major drivers of environmental impact (I)
at the global level: the amount of population (P), the affluence of that population
(A), and level of technology (T). Waggoner and Ausubel (2002) added a new
term, consumption (C) in the identity and called the result as an InPACT identity.
Kaya (1990) applied the idea of IPAT identity to identify the drivers of climate
change and carbon dioxide emissions. His application has been called as Kaya iden-

tity (Eq. (1)), which is a common starting point of many empirical studies:

CO2 TPES FEC GDP

CO2=7pEs * FEC * GDP * POP X

pPoOP (1)

To analyze and understand changes in socioeconomic or environmental indicators, it
is useful to assess the drivers that underlie these changes (Hoekstra and van den
Bergh, 2003). Energy consumption at the macro level of the society is a result of
three basic drivers: activity, intensity and structural change. The structural change
can refer to different economic sectors, but also to the energy mix. Energy efficiency
deals directly with only one of these effects, the intensity effect. Changing energy
intensity is not the same as changing energy efficiency (IEA, 2014, 2017a). The in-
tensity effect is, however, essential at the macro level and is thus in the focus of this

article.

The structure of this article is the following: In the following chapter, the methodol-
ogy belonging to index decomposition analysis (IDA) will be described. In the
empirical part, first the trends of two macro level energy efficiency related indicators,
the ratio between primary and final energy use and energy intensity in the EU-28
countries will be described. After that, results from the empirical analysis of total pri-
mary energy supply (TPES) will be presented. The final chapter concludes and gives

policy recommendations.

2. Methodology

Decomposition analysis is a common approach in energy analysis, and energy effi-
ciency is one of the drivers included in practically all empirical analyses. In the
Elsevier ScienceDirect service, a combination of keywords “energy efficiency”
and “decomposition analysis” can be found in the title, abstract, or keywords of

more than 600 peer-reviewed research articles, review articles, and book chapters.

There are two main categories of decomposition analysis (Hoekstra and van den

Bergh, 2003; Wang et al., 2017), index decomposition analysis, which uses
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aggregated time series data (IDA) and structural decomposition analysis, which uses
disaggregated sectoral data from the input-output tables (SDA). The popularity of
index decomposition analysis has been increasing since the 1980°s when the first
studies were published. Approach in the early IDAs were mainly based on the Las-
peyres index, in the 1990°s the Divisia index gained more popularity, and in the
2000’s the most popular IDA approach based on the logarithmic mean Divisia index
(LMDI) (Ang, 2015). According to Ang (ibid.), the dominance of LDMI is likely to

further increase over time.

Major focus in energy-related IDAs has been change in energy consumption, change
in energy intensity, and especially in the recent years, change in energy-related CO,
emissions (Ang, 2015). The scope of IDA varies from sectoral analyses (such as
selected industry, agriculture, transport, service sector or residential sector) to entire

national economies and comparative analyses between different countries.

Energy-related IDA studies for the European Union have been made for aggregate
energy consumption (either primary of final energy), CO, emissions, and energy in-
tensity. European Union as an aggregate, selected countries, and economic energy-
consuming sectors have been analysed. Examples from EU-wide analyses include
the following: Kaivo-oja and Luukkanen (2004) used the Sun/Shapley method in de-
composing CO, emissions of the EU-15 countries in 1973—1998. Saikku et al.
(2008) analysed CO, emissions in different groups of countries selected from the
EU-27 countries in 1993—2004 and forecasted meeting of the 2020 target based
on results from a logarithmic decomposition. Fernandez Gonzales et al. have used
LMDI method for energy intensity, energy consumption and CO, emissions in a
set of EU-wide studies in 2013—2015 (Fernandez Gonzales et al., 2013, 2014a,
2014b, 2014c, 2015). Moutinho et al. (2015) studied CO, emissions 1995—2010
in 21 European countries by using the LMDI method. Loschel et al. (2015) carried
out a multi-level LMDI decomposition analysis of energy intensity 1995—2009 in
the EU-27 countries. Recently, EU-wide IDAs have been carried out also at sectoral
level mostly with the LMDI method, e.g. for electricity generation, energy-intensive
cement industry, and agriculture (Karmellos et al., 2016; Branger and Quirion, 2015;
Lietal., 2016; Yan et al., 2017). Europe has been analysed as a part of comparative
IDA of CO, emissions using the Sun/Shapley method (Kaivo-oja et al., 2014) and
the LMDI method (Henriques and Borowiecki, 2017).

In this article, an incremental IDA method based on the Sun-Shapley decomposition
method will be used to study the drivers of total primary energy supply 1990—2015
in the EU-28 countries. The methodology was introduced by J.W. Sun (1996, 1998),
and was first called as the Sun method and then as the refined Laspeyres method in
the literature. After Albrecht et al. (2002) published their decomposition analysis of
carbon emissions based on the Shapley value method, Ang et al. (2003) showed that
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the method used by Albrecht et al. (2002) was exactly the same as the Sun method.

Since then, the term Sun/Shapley method has been used in the literature.

The Sun/Shapley method has been included in the recommended decomposition
methods by Ang (2004), because it provides a perfect decomposition by allocating
the residual term with a principle “jointly created, equally distributed” to the identi-
fied drivers. Since then, methods based on the Divisia index gained more popularity
and the Sun/Shapley method has been used much less. Early examples of using the
Sun/Shapley method for forecasting include the studies by Sun (2001) who devel-
oped a forecasting model for energy demand in the EU and Luukkanen et al.
(2005) who made a forecasting analysis for CO, emissions in the aggregates of
OECD and non-OECD countries.

Decomposition analysis allocates the observed change in environmental, social or
economic phenomenon to pre-defined drivers. Identifying the drivers may be chal-
lenging, because selection of potential drivers should be supported by theoretical
or empirical evidence. The approach itself does not give tools for driver identifica-
tion. Eq. (2) defines the drivers of total primary energy supply, and likewise the Kaya
identity (Eq. (1)), it is based on assumed causal relationship between the included

variables:

TPES y FEC o GDP y
FEC GDP POP

TPES = POP (2)
In Eq. (2), TPES is total primary energy supply, FEC is final energy consumption,
GDP is gross domestic product in real prices, and POP is the amount of population.
New drivers are this “chained”, many times as needed in order to get all the identified
factors included. It should be noted that the order of entrance of new factors in the

chain is determined by the theory, or assumptions, behind factor identification.

Decomposition analysis is usually carried out for relatively long periods between
two selected years. In this article, decomposition will be made for annual changes
so a moving base year will be used. This is called as incremental decomposition anal-
ysis. Longer periods can then be analyzed by summing up the incremental results.
Incremental analysis reveals the dynamics during the studied period. The dynamics
has been studied earlier by (Luukkanen & Kaivo-oja 2002), who made a dynamic
analysis of CO, emissions in Denmark, Finland, Norway, and Sweden during a
period 1960—1997 with a fixed base year 1990.

Eq. (2) includes four drivers of total primary energy supply (TPES). Driver TPES/
FEC (total primary energy supply divided by final energy consumption) represents
the efficiency of the energy transformation system. That efficiency changes when a
change in the energy transformation process take place, e.g. when fuel use is re-

placed by electricity. If that electricity is produced in condensing power plants,
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the transformation process becomes more inefficient. This is because in condensing
power plants, only 35—40 % of the fuel’s energy content is transformed into elec-
tricity and the rest is waste heat. Thus, a drop in the efficiency of the energy trans-
formation process increases the need of primary energy (TPES). If combined heat
and power (CHP) production is used, the overall efficiency change is smaller,
because the heat is used for heating purposes either in industrial processes or as dis-

trict heat (which is common e.g. in Finland).

Driver FEC/GDP (final energy consumption divided by gross domestic product) de-
scribes energy intensity of the economy, which is an inverse of energy efficiency at
national level, i.e. GDP productivity of energy use. Changes in this driver are due to
changes in the structure of the economy, such as change from energy intensive to
lighter industrial branches and services or vice versa. Technology improvements
are another reason for change of energy intensity. Economic growth via financial
transactions may decrease energy intensity without any structural change or technol-
ogy improvements. Driver GDP/POP (gross domestic product divided by number of
population), GDP per capita, describes affluence of the population referred to in the
original IPAT identity. Driver POP (number of population) was considered as the
most important driver in the original IPAT identity which focused on global environ-
mental issues. In energy analysis of industrial countries it is less significant, but de-

fends its position in the driver identification.

The decomposed effects of the drivers identified in Eq. (2) are calculated by chaining
the variables follows (Egs. (3), (4), (5), (6), (7), and (8)). Each equation provides the

effect how the driver in the left side of an equation contributes to the TPES change.

TPES
TPES/FEC = (FEC,_, + MIAFEC,_,) x A| —— (3)
FEC -1
TPES TPES
FEC=||—— 1—ADA|—— AFEC,_ 4
{(FEC>11+( ) (FEC)ttl:| . ! ( )

FEC FEC

«aFEC (5)
GDP t—1

eop—[(TPESY 4 (1 qya(TPES [ (FEC
FEC ), , FEC ), | GDpP),

FEC
1-2)A(=—= AGDP,,_ 6
+( ) (GDPC)UI:| - ! ( )

TPES TPES
FEC/GDP:[( ) +(1 —M)A( ) ] x (GDP,_, + 22AGDP,_;)
—1 n—1
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TPES TPES FEC
GDP/POP = || —= 1 -2DA| —+ P=r=e
/ [(FEC),_1+( ) (FEC>,,_1] ) [(GDP)H

FEC
1-2)A( =
*( ) (GDP

POP/,_,

TPE TPE FE
pop— |(1PES +(1—21)A TPES « | (FEC
FEC ), FEC ), , GDP), ,

+(1— Az)A(?E))”J X Kgg:) » +(1-23)A (%) ,,J

x APOP,_, (8)

) } X (POP,_y + A3APOP,_)
t—1

Parameters A1, A2 and A3 determine how the allocation is made to the two drivers in
each of the decompositions. Following the principle “jointly created, equally distrib-
uted” of the Sun-Shapley method, A1 = A2 = A3 = 0.5 in all analyses carried out for
this article. Subscript t—1 refers to a moving base year (previous year to t), and
subscript tt—1 refers to a difference (A) between the current year t and the previous

year t—1.

Time series data on all the variables in Egs. (3), (4), (5), (6), (7), and (8) for the
selected years 1990—2015 is available in the IEA World Energy Balances and Sta-
tistics (IEA, 2017b), which have been used in the analyses of this article.

3. Results

Fig. 1 shows the trend of TPES/FEC ratio during the years 19712015 for the Med-
iterranean EU countries Cyprus, Greece, Italy, Malta, Portugal, and Spain. The
trends are rather stabile in all countries. Italy and Portugal show the most efficient
energy transformation systems, where the TPES/FEC ratio is around 1.2—1.3 during

the whole period.

The trend of Malta is exceptional. The efficiency of the energy transformation sys-
tem in Malta varies a lot but is much more inefficient than in the other Mediterranean
countries during the whole period. While the TPES/FEC ratio in other Mediterra-
nean countries varies between 1.2 and 1.6, in Malta the variation takes place between
1.4 and 2.8. The reason can be found in changes in the very few large units of either

energy production or industrial consumption.

Fig. 2 describes the same trend in the three largest EU countries, i.e. France, Ger-
many, and the United Kingdom. These countries differ from each other. France,
highly relying on nuclear power, shows an increasing trend of TPES/FEC ratio
(from 1.3 to 1.6), which means that the efficiency of the energy transformation sys-

tem is decreasing. Nuclear electricity is calculated in the IEA statistics as primary
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Fig. 1. Trend of TPES/FEC ratio in Cyprus, Greece, Italy, Malta, Portugal and Spain, 1971—2015. Total
primary energy supply (TPES in Mtoe) divided by final energy consumption (FEC in Mtoe). The lower
the ratio, the better the efficiency. Data source: IEA 2017b.

energy by dividing the amount of produced electricity by 0.33, and the increasing
use of electricity is the major reason for the bad trend of energy transformation ef-
ficiency in France. The long period trend of Germany is quite stabile with some
annual variation (1.4—1.5), and the trend of the UK is slightly decreasing. This re-
flects a slight improvement in the efficiency of the energy transformation system
over time in the UK.

In the Northern EU countries, Denmark, Finland and Sweden (Fig. 3), the TPES/
FEC trend varies quite a lot. One obvious reason for this kind of trend is the variation

TPES/FEC

1.8
1.7
1.6
1.5

14
1.3
1.2
11

1.0
1971 1975 1979 1983 1987 1991 1995 1999 2003 2007 2011 2015

e France == Germany == United Kingdom == EU-28

Fig. 2. Trend of TPES/FEC ratio in France, Germany and the United Kingdom, 1971—2015. Total pri-
mary energy supply (TPES in Mtoe) divided by final energy consumption (FEC in Mtoe). The lower the
ratio, the better the efficiency. Data source: IEA 2017b.
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Fig. 3. Trend of TPES/FEC ratio in Denmark, Finland and Sweden, 1971—2015. Total primary energy
supply (TPES in Mtoe) divided by final energy consumption (FEC in Mtoe). The lower the ratio, the
better the efficiency. Data source: IEA 2017b.

in imported electricity and hydropower availability (due to changes in precipitation).
The long-term TPES/FEC trend of Denmark has turned into a decreasing one while
the trends of Sweden and Finland are still increasing. A major reason to the
increasing trend is, as in all Western economies, is the increasing use of electricity
produced with a relatively low efficiency. Thus, the share of electricity in final en-
ergy consumption increases, and the value of TPES/FEC ratio increases, i.e. the en-

ergy transformation system becomes more inefficient.

In Fig. 4, the trends of TPES/FEC for the Benelux countries Belgium, Luxembourg
and the Netherlands, as well as for Austria and Ireland are presented. In general, a
slightly decreasing trend can be observed from the 1990s onwards, Luxembourg
is an exception because changes in one factory may change the whole system
because of the extremely small size of the economy. In the 2000s, the TPES/FEC
ratio of Luxembourg is closest to the minimum value 1.0 among all EU-28 countries.

The Baltic countries Estonia, Latvia and Lithuania show very different trends of
TPES/FEC (Fig. 5). Based on the IEA (2017b) data, Latvia has the most efficient
energy transformation system of the Baltic countries. The TPES/FEC trend of
Estonia and Lithuania varies quite a lot, which is a common feature in small EU
countries. However, the energy transformation system of Estonia is among the

most inefficient ones in the EU.

The East European EU countries Czech Republic, Hungary, Poland and Slovakia
have performed in two different ways regarding their TPES/FEC trends (Fig. 6).
When the old Czechoslovakia collapsed, the TPES/FEC trend of Czech Republic
started to increase, and the trend of Slovakia decreased rapidly. Shortly after that,
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Fig. 4. Trend of TPES/FEC ratio in Austria, Belgium, Ireland, Luxembourg and the Netherlands,
1971—2015. Total primary energy supply (TPES in Mtoe) divided by final energy consumption (FEC
in Mtoe). The lower the ratio, the better the efficiency. Data source: IEA 2017b.

TPES/FEC
2.2
2.0
1.8 "‘"\\/\ \/\‘/\/\
1.6
1.4 ———
1.2 \,___\_\—_\___’_
1.0
1971 1981 1991 2001 2011
o= Estonia == Latvia Lithuania EU-28

Fig. 5. Trend of TPES/FEC ratio in Estonia, Latvia and Lithuania, 1990—2015. Total primary energy
supply (TPES in Mtoe) divided by final energy consumption (FEC in Mtoe). The lower the ratio, the
better the efficiency Data source: IEA 2017b.

the trend of Slovakia started to increase again. Hungary and Poland, on the other
hand, have had decreasing TPES/FEC trends since the 1990s. As such, the energy

transformation systems of all these EU countries are not among the efficient ones.

Fig. 7 shows the TPES/FEC trends of four countries recently joining the European
Union. The trends of Croatia and Slovenia are decreasing during the period of their
data availability (1990—2015). During the same period, also the trend of Romania is
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Fig. 6. Trend of TPES/FEC ratio in Czech Republic, Hungary, Poland and Slovakia, 1971—2015. Total
primary energy supply (TPES in Mtoe) divided by final energy consumption (FEC in Mtoe). The lower
the ratio, the better the efficiency. Data source: IEA 2017b.

a decreasing one while Bulgaria still tends to increase its trend. Bulgaria has quite an

ineffective energy transformation system in the light of the IEA (2017b) data.

When the trends of energy intensity, an inverse of energy efficiency, are looked at,
there are not so many differences as in the case of the trend of TPES/FEC above. In
practice, all EU-28 countries show a decreasing trend of energy intensity (FEC/
GDP), the major difference is in the rate and starting time of the decrease. Because

trends of 28 countries do not fit well into a same figure, the same clusters of countries

TPES/FEC
2.2
2.0
1.8
1.6
1.4 B
=/ W
1.2
1.0
1971 1975 1979 1983 1987 1991 1995 1999 2003 2007 2011 2015
= Bulgaria ==—Croatia Romania Slovenia EU-28

Fig. 7. Trend of TPES/FEC ratio in Bulgaria, Croatia, Romania and Slovenia, 1971/1990—2015. Total
primary energy supply (TPES in Mtoe) divided by final energy consumption (FEC in Mtoe). The lower
the ratio, the better the efficiency. Data source: IEA 2017b.
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as above. Energy intensity is quite a poor indicator of energy efficiency at the macro
level, because there are so many possible reasons for change, starting from structural
change in the economy (from energy intensive industrial branches to lighter
branches and services) and ending in technological improvements in a part of energy

consuming activities of the society.

Fig. 8 shows how energy intensity has changed in the Mediterranean countries. The
change in energy intensity is rather small, and in some countries such as Greece,
Portugal and Spain the decrease has started quite recently. Italy has a nice slightly
decreasing trend of energy intensity from the early 1970s, while in the energy inten-
sity trend of small island countries Malta and Cyprus there is quite a lot of variation.

Fig. 9 shows the long-term decreasing trend of energy intensity in the large EU coun-
tries France, Germany and the United Kingdom. The level of energy intensity
recently reached by the UK, 0.05 Mtoe/1000 USD,q,, is one of the lowest in the
whole European Union. Denmark (Fig. 10 below) and Ireland (Fig. 14 below) are
the closest competitors. In these countries, one Mtoe of consumed energy produces
GDP worth 20 000 USD5;.

In the Nordic countries Denmark, Finland and Sweden (Fig. 10), a clear decreasing
trend of energy intensity can be observed. Only during the recession periods the
decreasing trend has been shortly interrupted in Finland and Sweden. As noted
above, Denmark has reached a level of energy intensity among the lowest in the
whole EU.

Fig. 11 describes the energy intensity trends in the Benelux countries Belgium,

Luxembourg and the Netherlands, and also in Austria and Ireland. The trends are
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Fig. 8. Trend of energy intensity in Cyprus, Greece, Italy, Malta, Portugal and Spain, 1971—2015. Final
energy consumption (FEC) divided by gross domestic product (GDP), toe/1000 USD5¢;o. Data source:
IEA 2017b.
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Fig. 9. Trend of energy intensity in France, Germany, and the United KIngdom, 1971—2015. Final en-
ergy consumption (FEC) divided by gross domestic product (GDP), toe/1000 USD5¢,¢. Data source: IEA
2017b.
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Fig. 10. Trend of energy intensity in Denmark, Finland and Sweden, 1971—2015. Final energy con-
sumption (FEC) divided by gross domestic product (GDP), toe/1000 USD,g,o. Data source: IEA 2017b.

decreasing ones, and Ireland together with Denmark (Fig. 10 above) and the UK
(Fig. 9 above) has had one of the lowest energy intensities in the European Union

during the recent years.

The Baltic countries have data in the IEA (2017b) database from the year 1990 on-
wards. In these countries, however, the decrease of energy intensity has been quite a
rapid one (Fig. 12). However, these countries still have quite a high energy intensity,
clearly above the EU-28 average.
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Fig. 11. Trend of energy intensity in Austria, Belgium, Ireland, Luxembourg and the Netherlands,
1971—-2015. Final energy consumption (FEC) divided by gross domestic product (GDP), toe/1000
USDjg10. Data source: IEA 2017b.
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Fig. 12. Trend of energy intensity in Estonia, Latvia and Lithuania, 1990—2015. Final energy consump-
tion (FEC) divided by gross domestic product (GDP), toe/1000 USDyg,¢. Data source: IEA 2017b.

The East European countries Czech Republic, Hungary, Poland, and Slovakia also
have a decreasing trend in energy intensity (Fig. 13). The trends have turned into
continuous decrease in the 1990s, before that there have been several increasing

phases too. The most recent values are still clearly above the EU-28 average.

Fig. 14 shows how the energy intensity trends of Bulgaria and Romania have come
down from the high values in early 1970s towards the level of 0.2 Mtoe/1000

USDyp10. In comparison, the trends of Croatia and Slovenia are quite flat, but their
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Fig. 13. Trend of energy intensity in Czech Republic, Hungary, Poland and Slovakia, 1971—2015. Final
energy consumption (FEC) divided by gross domestic product (GDP), toe/1000 USD5¢o. Data source:
IEA 2017b.
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Fig. 14. Trend of energy intensity in Bulgaria, Croatia, Romania and Slovenia, 1971/1990—2015. Final
energy consumption (FEC) divided by gross domestic product (GDP), toe/1000 USD,o. Data source:
IEA 2017b.

nicely decreasing trends during the 2000s are hidden by the scale of Fig. 14 caused
by the high 1970s values of Bulgaria and Romania.

After looking at the trends of TPES/FEC and FEC/GDP, the effects of these energy
efficiency related indicators to total primary energy supply (TPES) will be analysed.
The justification for this kind of analysis is, that in addition to keeping increasing

energy efficiency as a policy target per se, energy efficiency can be considered as
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a means to reach more concrete policy targets such as reducing energy use, or

decreasing CO, and other emissions directly caused by energy use.

One of the major policy targets of improving energy efficiency is to reduce energy
use without a need to limit the activities where energy is used in the society. Nowa-
days energy efficiency is taken as a policy target as such, but from the era of oil crises
in the 1970s “energy saving” was commonly used instead up to the 1990’s. Energy
efficiency can be improved in the energy consumption side (final energy consump-
tion) and in the energy production side (transforming primary energy into energy
carriers). It is worth noting here, that the EU energy efficiency target is not related
to energy efficiency per se, but energy consumption in relation to projected future

consumption.

The decomposition analysis gives an insight to what extent these policy targets have
been reached, and also an insight to the role of the Jevons paradox (cf. Polimeni
et al., 2009). In the following, change total primary energy supply will be decom-
posed into the relative contributions of the drivers described in Eq. (2). Data used
in this decomposition activity is taken from the International Energy Agency
(IEA, 2017b). This data includes total primary energy supply (TPES), final energy
consumption (FEC), gross domestic product (GDP) in real prices ((in USDyg0),
adjusted by exchange rates), and number of population. The data used in the analyses
covers the years 1990—2015 and it is the most recent data available from Interna-
tional Energy Agency (IEA, 2017b).

The results presented in the Supplementary Table are based on decomposition anal-
ysis of incremental (annual) changes, and they are presented as percentage of a
selected base year value of the decomposed indicator, total primary energy supply
(TPES). The analysis has been carried out for the years 1990—2015. The main re-
sults include relative contributions of the energy efficiency related drivers TPES/
FEC and FEC/GDP as well as the contributions of other drivers defined in Eq. (2)
above, i.e. GDP/POP and POP, to the change of total primary energy supply
(TPES). The summary of decomposition results in the Supplementary Table are
based on sums of incremental changes, and they are presented as percentage of
the absolute TPES value of the first year of the period, 1990.

For the incremental effects of energy efficiency related drivers TPES/FEC and FEC/
GDP, basic statistical info, i.e. median (Md), average (Av), standard deviation
(Stdev) and minimum (Min) and maximum (Max) values, are given as well to
show the variation in annual results. These numbers are percentages of the previous
year’s absolute TPES value. Fig. 15 shows the incremental results for the EU-28
aggregate.

Between the years 1990 and 2015 (Supplementary Table), total primary energy sup-
ply increased in 14 EU countries and at the aggregate level of EU-15 (1.6 %). Large
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Fig. 15. Results of incremental decomposition analysis of total primary energy supply in the EU-28
aggregate, 1990—2015.

increase took place in Latvia (50 %), Cyprus (48 %), Ireland (34 %), Spain (32 %),
Austria (32 %) and Portugal (31 %). Total primary energy supply decreased in 14
countries and at the aggregate level of EU-28 (—3.7 %). Large decreases took place
in Lithuania (—55 %), Romania (—49 %), Estonia (—45 %) and Bulgaria (—34 %).
Generally speaking, TPES increased in most of the Mediterranean countries and
decreased in most of the Baltic (except Latvia) and East European countries. Among
the large EU countries, TPES increased in addition to Spain (32 %) also in France
(10 %) and Italy (4 %), and decreased in Germany (—12 %), the UK (—12 %) and
Poland (—8 %).

In terms of energy savings and energy efficiency, the performance of a national state
can be considered as good, if (i) the change of TPES is a decreasing one, and (ii) both
energy efficiency related drivers (TPES/FEC and FEC/GDP) have a decreasing ef-
fect to TPES. With this criteria, performance between the years 1990 and 2015
was good in nine out of 28 EU countries: Croatia, Denmark, Germany, Hungary,
Lithuania, Malta, Poland, Sweden and the UK, and in the EU-28 aggregate. Energy
intensity (FEC/GDP) was the most significant driver with a decreasing effect in all
EU countries except Malta, where TPES/FEC had a larger decreasing effect than
FEC/GDP. Two additional things are worth noting: Firstly, in Bulgaria, Croatia,
Estonia, Hungary, Latvia, Lithuania and Romania, also change in population had
a decreasing effect to TPES. Secondly, change in GDP per capita had an increasing
effect all over the EU, but in many countries, its effect was less significant than the

decreasing effect of energy intensity.

When looking at the annual changes during the period 1990—2015, some interesting

observations can be made. The financial crisis 2008-09 is clearly visible in the
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incremental results for the EU-28 aggregate (Fig. 15), and it can be identified in prac-
tically all countries as well. Total primary energy decreased overall of the EU, and
GDP per capita had a decreasing effect, which often was the most remarkable driver
of decreasing TPES. The “normal”, and in practice the most common annual perfor-
mance in the EU-28 is that GDP per capita (GDP/POP) and population (POP) have
an increasing effect to TPES, and energy intensity has the most significant
decreasing effect. 16 out of the 25 increments has this kind of performance, but
the effect of TPES/FEC varies annually and does not have any clear trend. The
same holds for total primary supply as well, there are shorter periods of annual de-
creases and periods of annual increases. As a result of all this, the change in TPES
during 25 years in the EU-28 aggregate is only a slight reduction (—3.7 %; Supple-
mentary Table).

There is a significant variation between the annual changes among the EU countries,
both in the absolute trends of energy efficiency drivers FEC/GDP and TPES/FEC, as
well as in the decomposed effects of these drivers on total primary energy supply.
The variation is large especially in small EU countries and in the new EU countries.
In general, energy intensity (FEC/GDP) has a decreasing trend but its effect to total
primary energy supply is usually balanced by the effect of increasing economic
growth (GDP/POP). The effects of other drivers (TPES/FEC and POP) are usually
less significant in the longer run. However, among the results of incremental decom-
position analysis (Annex1) several examples can be identified where the effects of

these drivers also play a major role in changing TPES.

The trend of energy intensity is decreasing in most of the EU countries, but in prac-
tice it depends not only on good performance in energy efficiency, but also on poor
economic performance which is directly reflected into the indicator FEC/GDP. This
is important to keep in mind when looking at the studied period 1990—2015 which
includes the financial crisis in 2008—2009. During that time, the driver GDP/POP
had a decreasing effect to TPES in almost all EU countries. On the other hand,
the effect of FEC/GDP had a decreasing effect in a few countries only during the
same period. As a result, total primary energy supply decreased in many EU

countries.

4. Discussion & conclusions

In this article, energy efficiency of EU-28 countries has been studied. Focus has been
on macro level indicators of energy efficiency, their long-term historical trends and
their decomposed effects on energy consumption (total primary energy supply
TPES). In the empirical analyses, the most recent data from the International Energy
Agency (IEA, 2017b) has been used. Because decomposition analysis is sensitive to

the studied period and other empirical choices, different studies are difficult to
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compare to each other. The major differences between IDA methods are mathemat-

ical differences, which fully explain the differences in results.

The indicators of energy efficiency used in this study are energy intensity of the
economy (final energy consumption divided by gross domestic product in fixed
USD,9 prices; FEC/GDP) and efficiency of the energy transformation system (ratio
of total primary energy supply and final energy consumption; TPES/FEC). Energy
intensity has decreased significantly in most of the EU-28 countries, but the trend
of TPES/FEC ratio is not so clear and varies a lot between different countries.
Increasing use of electricity affects the TPES/FEC ratio very differently, depending
on the used primary energy sources (fossil, nuclear, renewables) and modes of elec-
tricity production (CHP, condensing power). In the IEA energy statistics, electricity
produced by hydro, wind and solar is calculated as primary energy with a coefficient
1, but for nuclear and geothermal electricity, coefficient imitating thermal efficiency
is assumed. This makes the use of aggregated energy indicators and their interna-
tional comparison problematic. EU countries relying on nuclear power and fossil
fuels may have a stronger increasing trend in the TPES/FEC ratio than countries

relying more on energy sources where the statistical TPES/FEC ratio equals to 1.

The effect of energy efficiency on total primary energy supply (TPES) was studied
by incremental Sun/Shapley decomposition analysis. The analysis was made for the
period 1990—2015 using incremental decomposition with a moving base year for the
first time. The method provides an exact decomposition, and the incremental results
can be summed up to look at longer periods and there is no information loss. This
makes the incremental Sun/Shapley decomposition very applicable to the exact anal-

ysis of annual changes.

The trend of TPES/FEC ratio reflects the efficiency of the energy transformation sys-
tem from primary energy to final energy consumption. In some countries, the trend is
a decreasing one, but also increasing trends have been identified. Change in the
TPES/FEC ratio may partly be caused by changes in technical efficiencies, but
also by fuel switch and other changes in the energy mix. Moreover, energy statistics
do not treat different energy sources used in electricity production in a similar way.
Furthermore, the TPES/FEC ratio does not take into account the efficiency of appli-

ances consuming the final energy, and providing the actual energy service.

The incremental decomposition analysis clearly shows that the annual differences
are large in terms of change in TPES and the effects of the identified drivers. Usually
decomposition analyses are made between two years with several years in between.
The strength of the incremental analysis is that it reveals what happens during the
whole period, and does not focus only on the difference between the starting and
ending year. Choice of the starting and ending year of the studied period also may

affect the results. Thus, incremental decomposition with a moving base year

https://doi.org/10.1016/j.heliyon.2018.e00878
2405-8440/© 2018 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).


https://doi.org/10.1016/j.heliyon.2018.e00878
http://creativecommons.org/licenses/by-nc-nd/4.0/

| Heliyon
Article No~e00878

(and a dynamic analysis with a fixed base year) can be highly recommended for

energy-related decomposition analyses.
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