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Abstract

The European Union set three goals (for energy efficiency, share of renewable energy sources, and
greenhouse gas emissions) in the Energy 2020 document emphasising the importance of joint actions.
This study investigates the 28 members’ progression in the light of these commitments, between 2001 and
2012. Applying the methodology of sigma and beta convergence, we prove the convergence progress
across the member states, but the result of gamma convergence modifies it: we conclude that differences
remained in the European Union between 2001 and 2012 but the extent of the differences decreased
significantly. The renewables ratio shows the fastest convergence rate. With energy intensity and
emissions these positive processes are affected negatively by the financial crisis, causing temporary
divergence. Calculating convergence clubs raises awareness of differences between the old and new
member states.

Keywords: energy, energy intensity, renewables, greenhouse gas emissions, convergence, Energy 2020
strategy, European Union

INTRODUCTION

As 2020 approaches nearer, the European Union should carry out an interim review about the
Energy 2020 objectives. Accordingly, in this study we particularly aim to: a) test the
assumption that the energy indicators (energy intensity, emissions, and the share of the
renewable energy sources) in the member states of the European Union is converging; b)
prove that there are significant differences between the old and the new members in
convergence processes; ¢) test our assumption that the members can be organized into
convergence clubs.

The question may arise why the convergence analysis of the energy features of the EU
member states is important. First, the political decision makers have to know the potential
shifts of the energy indicators in the future. This can help to create the conditions for efficient
energy management and making forecast models. The topic of decoupling is also very popular

nowadays. If the countries with high energy intensity converge to the more developed ones,
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the equilibrium value will be lower; at that time with rapid convergence and balanced
economic development, suddenly increasing energy use is not expected (Markandya et al.

2006).

Theoretical background

Economics very frequently takes over methods from other academic disciplines, but this can
also be observed within economics: the boundaries of the competing topics are blurring, and
methods are sometimes applied in another context. Quah (1995, p.5) notes about the
application of the convergence calculations that “examples show that convergence is simply a
basic empirical issue, one that reflects on - among other things - polarization, income
distribution, and inequality. Certainly, understanding economic growth is important. But
growth is only one of many different areas in economics where analyzing convergence sheds
useful insight.” The topic of convergence across economies is a focus in Barro (1991) and
Barro and Sala-i Martin (1992). Nowadays not only the researchers of world and regional
economics (for example Benedek and Veress 2013, Kocziszky 2011, Szendi 2013), spatial
economics (such as Toth and Nagy 2014), but researchers of energy, environmental and
ecological economics focus on it as well (such as Szlavik 2013).

According to Oblath and Szorfi (2008, p.205), “the convergence — in a narrower sense —
means the catching up of the real economy performance of the less developed country to the
more developed ones”. In a wider sense it is the approach of general macroeconomic
characteristics. Convergence calculation methods are applied in many research areas as a
frequently used tool for the examination of poverty, income inequality, and human
development. We can find convergence calculations in energy and environmental economics
for less than one decade, but despite this short time period, many studies (Table 1) and new
approaches have appeared and serious development can be observed in the data and

methodology applied.
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Table 1 Energy convergence in the literature

Examined
Publication country group Indicator Methodology
and time period
Markandya et al. EU-27, 1992- eneray intensit conditional f3-
(2006) 2002 &y Y convergence
98 countries, . . o-convergence, other
Ezcurra (2007) 1971-2001 energy intensity non-parametric methods
. 22 IEA members, . . . . ,
Liddle (2009) 1960 (1973)-2005 intensity of electricity use G és y-convergence
28 OECD o, absolut 8, and vy-
Liddle (2012) members, 1960- energy intensity ’ ’ 4
2006 convergence
Mohammadi and energy and electricity use per o and absolut -
1971-2007 .
Ram (2012) capita convergence
Mulder and Groot 18 OECD . . o and conditional f3-
members, 1970- energy intensity
(2012) 2005 convergence
) EU-27, 1990- . . o, conditional P, and y-
Hajko (2012) 2008 energy intensity convergence
conditional -
USA member .
Burnett (2013) states, 1960-2009 CO, emission convergence,
convergence club
Camarero et al 23 emission intensity, carbonization
(2013) ) OECDmembers, index (CO, emissions relative to convergence club
1960-2008 energy use), energy intensity
Meng et al. 25 OECD . conditional -
members, 1960- energy use per capita
(2013) 2010 convergence
Adhikari and 33 A stan energy productivity (GDP relative o and E-ccl)nver%lence
Chen (2014) countries, 1993- to energy use) (absolut an
2010 conditional)
Csereklyei et al. 99 countries, iﬁierﬁz/itusehl::érzzpl?r’ s:eirtiy o and absolut p-
(2014) 1971-2010 Y per capita, convergence

energy/capita ratio

Moutinho et al.
(2014)

Portugal, 1996-
2009

emission intensity

o, B (absolute and
conditional) and -
convergence

Source: own compilation

The study of Mielnik and Goldemberg (2000) launched the application of convergence

calculations to the field of energy. They examined the energy intensity of 41 countries

between 1971 and 1992. However, their analysis was made with simple description statistics

and using diagrams. Markandya et al. examined the energy intensity in the European Union,

with regard to the group of the old (15 countries) and the new (those joining in 2004 and

2007) member states. The center of their study is the target of 20% (Energy 2020) and the

evaluation of the implementation process. Their results verify their starting hypothesis: the

catching up of the new members is successful from the energy perspective. Ezcurra (2007)
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found declining convergence across 98 countries between 1971 and 2001 as judged by energy
intensity.

Energy intensity is also focused upon in the study of Liddle (2012). The o, absolute 3, and
the y-convergence were verified in the case of 28 OECD countries. In a previous publication
(Liddle 2009) not the energy intensity but the electricity consumption relative to GDP was
examined for 22 developed IEA members. An interesting feature of this study is that the
calculations were made not on the level of the national economy, but on the level of trade,
industry, and household sectors.

Moutinho et al. (2014) and Mulder and Groot (2012) conduct their analyses - similar to
Liddle (2009) — at the sectoral level as well. In Mulder and Groot (2012) study the ¢ and the
y-convergence were verified in the service sector and manufacturing industry.

Csereklyei et al. (2014) took a much larger sample compared with the previous studies into
consideration. The convergence in energy intensity was proved for 99 countries between 1971
and 2010. However, in some regions (the Middle East and Africa) rather divergence was
verified.

As in our analysis, Burnett (2013) and Camarero et al. (2013) determined convergence
clubs to prove the convergence in emission rates as well. The study of Hajko (2012) can be
considered as a precedent for our analysis. The researcher calculated the ¢ and the -
convergence in the energy intensity for the 27 members of the European Union. “It is found
that even by the rough distinction between the new and the old member countries, the
convergence in energy intensity in new member countries can be found” (Hajko 2012, p. 3).

However, our current study goes beyond those limits. On the one hand our most important
objective is to analyse and evaluate the achievement of 20-20-20 goals (by the 28 members of
the European Union). It is served by the change of the examined time period, which
contributes to take into consideration the effects of 2008-2009 financial crises. The applied
convergence methods were also expanded to get a much clearer and fuller picture of the

current processes.

OBJECTIVES AND METHODS

In this study, convergence is approached in three ways: o, v, and B-convergence are calculated
and based on the calculations the convergence clubs are determined. Hereinafter the

methodology is presented.
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Calculating the o-convergence, we can conclude the convergence or divergence from the
dispersion of the national cross-sectional data. If the value of the coefficient of variation (CV)
is decreasing over time, the o-convergence is verified across the countries. Actually, the c-
convergence presents the efficiency of the catching up of the low-performing countries with
the developed countries (Liddle 2012). One disadvantage of the indicator is that it is an
absolute one, the value even higher when only the absolute size increases. The 6-convergence
is calculated with the CV, which is the ratio of the dispersion and simple aritmethric average
of the data (Moutinho et al. 2014).

It can happen that the value of the 6-convergence consistently decreases (so the examined
territorial units converge), but the position of the nations with the highest and lowest values
do not change in the sample. Boyle and McCarthy (1997a, 1997b) worked out the y-
convergence to consider the rank of the nations. The closer the index value is to zero the
greater the extent of the mobility within the distribution. The y-convergence is suitable for
the measurement of intra-distribution mobility: the country with lower initial level of the
selected indicator — if catching up is successful — moves up in the ranking and overtakes the
developed ones (which lose their positions). A lack of y-convergence coupled with a
substantial c-convergence could be interpreted as indicating that country differences in a
selected indicator remain, but that those differences have reduced considerably (Liddle 2012,
p-10).

The basic assumption of B-convergence is that countries with low initial levels of a
selected indicator tend to grow comparatively faster than those with high initial levels and
thus catch up with developed nations (Adhikari and Chen 2014, p.94). In the long run, the
low-performed countries catch up with the higher-developed ones. The detailed description
(based on the Solow-model) of that is given by Major (2001). If the estimated value of P is
negative, this verifiies the presence of B-convergence. But B-convergence is a necessary but
not sufficient condition for o-convergence (Boyle and McMcarthy 1997a, 1997b; Liddle
2012; Hajko 2012).

Table 2 presents the calculation formula and the interpretation of the convergence indexes.
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Table 2 Convergence indicators

C(-mv.ergence Formula Interpretation
indicator
_ Z?:]_(xl - x)Z
B n
o
V= x If the value of the CV is decreasing
o-convergence CV, < CV, over time, G-convergence is
verified across the countries.
where: x; denotes the examined indicator
X = arithmetric means of x;
o denotes the dispersion, CV is the coefficient of
variation.
Variance(AR(I) + AR(I)y)
~ Variance(2 * AR() ;)
where: AR(1),, is the rank position of i country in #
current period, AR(I);y is the rank position of i . The smaller the value of th?
y-convergence country in 0 base period. indicator, the stronger thc? sh}ft
among the examined territorial
' ¥ (x — f)z units.
Variance = ———
(n—1)
where: X is the mean, » denotes the sample size.
Alny; =a+LIny,, + ¢
where: y denotes the examined indicator (such as | If B is negative, B-convergence is
[-convergence energy intensity), o is the constant, f is the verified across the examined
coefficient, 0 is the base period, 7 is the index of countries.
the examined country, ¢; is the error term (the
excepted value is zero)

Sources: Boyle and McCarthy (1997a, 1997b), Nemes Nagy (2005)

The B-convergence concept can be approached in unconditional (absolute) or conditional
way. In the unconditional approach, all economies are assumed to converge to a common
pattern of energy use (or to any other selected indicator), while in the conditional approach
these close to their own steady state (Burnett 2013).

Furthermore, the absolute convergence calculation is applied, because the European Union
determined a joint equilibrium value when working out the Energy 2020 document. In this
process the energy potentials, structural differences, expected price of the production factors,
technological development, and existing regulations were considered as well. The question is
whether the member states can approach to this artificially created common steady state?

An additional interpretation is given by the convergence clubs, which denote groups of
economies that are classified based on a selected indicator (convergence can be observed
within the club). The essence of this theory is that the growth paths of these countries are near
each other, so these show quasi homogeneity with regard to social and economic factors

(Kocziszky et al. 2014). The objective of these analyses is to create groups minimizing the
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differences within the groups and maximizing the differences among the clubs (Szendi 2013).
The most important difference between conditional and club convergence is that in
conditional convergence the examined economies move toward a common (global), and in
club convergence the territorial units of a club move toward a local steady state. In club
convergence the convergence process is “determined by the existing, initial conditions (which
refer to the group of countries), not by the structural factors™ (Gaspar 2010, p.2).

The existence of the club convergence in the European Union — originating from the results
of the analysis of absolute -convergence — is analysed by hierarchical cluster analysis. The
applied technique is the Ward method, which is a method of variance based analysis. At the
beginning of the process each component constitutes an independent cluster and the method
merges compenents at each step. Ward’s minimum variance criterion minimises the total
within-cluster variance. In our study the data must be standardised because initially these
present difference metric sclaes. The mean of the standardised scale is zero, its dispersion is 1

(Sajtos and Mitev 2007).

RESULTS

We utilise the Eurostat (2015) and the World Bank (2015) database to examine the presence
of convergence in the 28 members of the European Union. We distinguish between the old®
and the new’ member states (in the footnote the codes used by the World Bank are included).
On the one hand this is justified by the significant development gap (with regard to the GDP
per capita) and the differences in the energy features deriving from the differences in their
history. The tested indicators can be connected to the Energy 2020 goals:
e cnergy intensity of the economy (the ratio of the gross national energy use to the GDP
at 2005 market price, unit: koe/1000 EUR — source: Eurostat);
e emission intensity (the ratio of the greenhouse gas emissions to the GDP PPS at 2011
market price, unit: 1t CO, equivalent/1000 USD — source: World Bank);
e the share of renewable energy sources to final energy consumption (%) — (source:
Eurostat).
The examined time period for the energy and emission intensity is 2001-2012, but data on
renewable energy can be accessed only from 2004 in the Eurostat database, so here the

analysis includes the 2004-2012 time period.

¥ France (FRA), Germany (DEU), Belgium (BEL), Luxembourg (LUX), Netherlands (NLD), Italy (ITA), United
Kingdom (GBR), Ireland (IRL), Denmark (DNK), Greece (GRC), Spain (ESP), Portugal (PRT), Austria (AUT),
Sweden (SWE), Finland (FIN)

? Cyprus (CYP), Malta (MLT), Estonia (EST), Latvia (LVA), Lithuania (LTU), Poland (POL), Czech Republic
(CZE), Slovakia (SVK), Hungary (HUN), Slovenia (SVN), Romania (ROM), Bulgaria (BGR), Croatia (HRV)
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Similar to the study of Adhikari and Chen (2014) we tested the inverse of the energy
intensity and the ratio of the greenhouse gas emissions to the GDP in the B convergence,
because this avoids the situation where the increasing indicator actually shows deterioration
(so the rise in the energy intensity index shows a decrease in energy efficiency, meaning the
higher the indicator, the worse the use of the energy sources). Applying the inverse of these,
the increasing index shows development and better performance. Furthermore, the inverse of

energy intensity is called energy efficiency, and along this analogy the inverse of the ratio of

the greenhouse gas (GHG) emissions to the GDP is the inverse of emission intensity.

Table 3 Main statistical data of the old and new European Union member states

Share of renewable
energy sources to
Energy intensity GHG emissions final energy
(koe/1000EUR) (1990=100%) consumption (%)
2001 2012 2001 2012 2004 2012
EU-28 208.87| 221.86 94.10 86.08 11.38 16.87
mean EU-15 (old member
states) 159.91| 136.49| 109.07 93.50 11.98 18.44
New member states 437.82| 307.23 79.14 78.67 10.79 15.31
EU-28 197.40| 166.35 98.73 84.25 7.65 13.65
median EU-15 (old member
states) 159.60 | 139.65 104.68 89.59 7.60 13.65
New member states 432.85| 295.15 77.64 65.51 8.30 13.75
EU-28 103.30 82.80 40.50 42.92 0.30 2.70
minimum EU-15 (old member
states) 103.30 82.80 85.26 76.55 1.20 4.20
New member states 147.40| 133.80 40.50 42.92 0.30 2.70
EU-28 1040.10| 669.90| 144.72| 156.90 38.70 51.00
maximum EU-15 (old member
states) 234.80| 204.00| 137.88| 122.48 38.70 51.00
New member states 1040.10| 669.90 144.72 156.90 32.80 35.80
EU-28 217.35| 132.98 29.20 28.53 10.11 11.51
dispersion EU-15 (old member
states) 36.19 32.83 15.65 14.94 11.50 13.52
New member states 235.00| 141.26 32.30 36.72 8.91 9.32

Source: own compilation using Eurostat (2015)

Table 3 shows with simple statistic description the trends of the three selected indicators
between 2001 (2004) and 2012. Significant development in the energy intensity can be
observed, with the index improving in the old and in the new members as well. In the case of
greenhouse gases Energy 2020 sets the goal with regard not to the intensity but to the
emissions of base year 1990. Currently, we examine this indicator, but being a fixed-base

index we can not take this into consideration in the following analysis (so we focus on the
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similar emission intensity). The emission data generally improved according to descriptive
statistics (but more slowly than the energy intensity); however, the minimum and maximum
values worsened (the minimum value was for Latvia, the maximum Malta and Cyprus). This
affects the dispersion of the new members, which show a high increase, more than 13%. The

share of renewables developed in spite of the increasing dispersion of the member data.

Convergence calculations in energy intensity

The o-convergence in energy intensity is verified until 2008 in the whole integration and in
the new members as well. But in 2009 these positive process turn back, a slight divergence
can be observed and the country differences increase. The main reason is that the energy
intensity of the economy deteriorates in 10 members, while in the others it develops. One year
later (of these 18 developing members) only Greece, Spain, and Cyprus are able to improve
efficiency, but we note that this is almost certainly due to the economic downturn. However,
this tendency is only temporary; after 2011 these trends cease, and energy efficiency becomes
general in Europe. Among the old members the data dispersion does not change, the
disparities become permanent. The presence of y-convergence can not be verified in the
integration (it can be explained by the short time period), so it can be stated that the
differences across the tested units remain (the extent of mobility within the distribution is not

significant), but the size of the differences decreased between 2001 and 2012 (Fig. 1).

Figure 1 y and o-convergence in the energy intensity
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Source: own compilation
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With regard to the investigated 12 years there is negative relationship between the initial
energy efficiency and the changes in it, so the calculated B coefficient obtained from the
regression equation shows the catching up of the lower-performing countries in the
integration and also in the new members (the B-convergence is verified). This relationship is
much stronger in the nations that joined the European Union in 2004, 2007 or 2013 than in the

whole integration. Among the old members the B coefficient is not significant (Table 4).

Table 4 B-convergence in the energy efficiency of the EU-28

Value t-statistic
constant 8.23806 0.00071 ***
EU-28 B-coefficient | —1.15462 0.0023***
adjusted R® | 0.277422
constant 0.987372 0.0523*
EU-15 B-coefficient | —0.0366974 | 0.6023

adjusted R® | -0.053797
constant 13.1675 0.0046%**
B-coefficient | —3.02221 0.0333**

adjusted R* | 0.290387

new
members

Source: own compilation

Because the presence of B-convergence is proved in the integration between 2001 and
2012, we identified the convergence clubs. The calculations were made for both three and
four clusters (Fig. 2 shows results for both). In both cases Bulgaria forms an independent
cluster, because its energy efficiency was really low in 2001, but it performed very well (we
note that it is much easier to develop from a low initial level). The second cluster includes
Romania, the Czech Republic, Hungary, Poland, Slovakia, Estonia, Latvia, and Lithuania.
These nations are characterised by low initial energy efficiency (the index of GDP to energy
consumption is lower than in the next cluster) and the shift is only slight. The following
cluster can be divided into two subclusters (depending on the optimal number of the clusters):
one of the subclusters includes Belgium, Finland, Sweden, Cyprus, Croatia, Malta, and
Slovenia, while the other contains Ireland, Greece, Spain, France, Italy, Luxembourg,
Netherlands, Austria, Portugal, United Kingdom, Denmark, and Germany. The energy
efficiency of the former countries show better values compared to the first and second cluster,
but the size of the shift is lower. The members of fourth cluster are the best performing

countries, but we can observe stagnation.
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Figure 2 Convergence clubs in energy efficiency
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Source: own compilation

Convergence calculations in GHG emissions
A declining tendency can be observed in the trends of the emission intensity dispersion (c-
convergence) between 2001 and 2008, which suggests that the disparities decreased for the
current period, so there is convergence. From 2009 these promising processes turn back and
the divergence becomes stronger, but it is only a temporary time period. In this short time
period (2009-2010) 10 members are able to improve the indicator in spite of the economic
crisis. In the others in almost one year the index increases. However in 2011 in Bulgaria,
Greece, Spain, and Portugal the emission intensity continues to deteriorate. The main reason
is that in these countries the rate of decline in the GDP has exceeded the decline in
greenhouse gas emissions.

The presence of y-convergence can be verified, but the process is weak, and the mobility of

distribution is restrained in the 12-year time period (Fig. 3).
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Figure 3 y and c-convergence in emission intensity
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For the B coefficient of the regression the countries with worst initial emission intensity
tend to converge faster to the long-term steady state, so the growth rate of the poorly
performing nations is higher, which confirms the occurrence of convergence in the European
Union. This result is fit for the consequences of o-convergence mentioned above. With the
new members these trend is much stronger, but among the old members the B coefficient can
not be interpreted (it is not siginificant even at the 10% level), as in the case of energy

efficiency (Table 5).

Table 5 B-convergence in the emission intensity of the EU-28

Value t-statistic
constant 9.69192 0.000%***
EU-28 B-coefficient | —2.43910 0.000%***
adjusted R | 0.614274
constant 3.60041 0.0026***
EU-15 B-coefficient | —0.519040 | 0.1138
adjusted R* | 0.118070
constant 14.0096 0.0007%**
B-coefficient | —4.51093 0.000%***
adjusted R* | 0.833848

new
members

Source: own compilation

We calculated the convergence clubs to the inverse of the emission intensity, similarly to
energy intensity. Three and four clusters were created. Sweden forms an independent group in
both cases, because here the greenhouse gas emissions to GDP are extremely low, and

furthermore continous development can be observed in the 12 years under investigation. The
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second club (if we determine four clusters) includes Denmark, Germany, Spain, France, Italy,
Luxembourg, Netherlands, Austria, Portugal, and Malta. The emission intensity of these
countries is very good and it improved slightly over the period.

The members of the next club are: Belgium, Ireland, Greece, Finland, United Kingdom,
Cyprus, Croatia, Latvia, Lithuania, Hungary, and Slovenia. The emission intensity of these
countries is moderate, but it is coupled with significant improvement. Poland, Slovakia,
Estonia, Bulgaria, Romania, and the Czech Republic belong to the group of best performers:
these countries started from a very low intial level but they are in the forefront in 2012 (Fig.
4).

Figure 4 Convergence clubs in the inverse of the emission intensity
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Source: own compilation

Convergence calculations in the share of renewable energy sources

Of the three selected indicators in this study, the convergence in renewable energy sources is
the strongest, the decreasing in the differences here is the highest. It is interesting that the
2008-2009 financial crisis has not caused — unlike the other two indicators — a downturn or
divergence in the European Union. One reason is likely to be that the already installed
capacity continued to operate. On the other hand, this index can increase if the final energy

consumption decreases and the energy use from renewables stagnates. The market of

100



Sebestyén Szép, T.

renewable energy sources — indirectly, through many other factors — is influenced by the oil
prices and its effects on other instruments (for example the prices of gas prices and electricity
highly depend on oil prices). In the summer of 2008 the oil price was at a record-breaking
high (the WTI crude oil price exceeded 146 USD/barrel limit). In this market environment
many oil and gas fired power plantsthat produced electricity expensively and inefficiently
were shut down (such as Tisza II power plant in Hungary). At that time the payback period
had become shorter for investments in renewables, which affected positively the installation
of new capacity not only in the European Union, but in the whole world as well (the value of
investments increased by 62% from 2006 to 2008, according to the UNEP data). Thanks to
the crisis the final energy use declined significantly (especially in the transport and industry
sector), which accelerated the shutdown process of the old fossil-fuel power plants.
Meanwhile renewable capacities have remained in operation, which strengthened the

convergence of the European Union members (Fig. 5).

Figure 5 y and 5-convergence in the share of the renewable energy sources
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Similar to the energy intensity, the presence of y-convergence cannot be proved, so it can
be stated that differences remain but their dispersion decreased between 2004 and 2012.

The B coefficient is negative in all cases, which confirms convergence. Countries with low
initial values tend to grow faster, so the countries keep toward a common pattern of renewable
energy use. With regard to the t-statistics, the factors are significant at the 1% level in the
regression model (in the old and new members and in the whole integration). The value of

adjusted R? is moderately strong (Table 6).
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Table 6 B-convergence in the share of renewable energy sources in the EU-28

Value t-statistic
constant 9.90199 0.0007%**
EU-28 B-coefficient | —0.394818 | 0.0010***
adjusted R* | 0.330500
constant 12.4832 0.0002%**

EU-15 | B-coefficient | —0.459776 | 0.0110%*
adjusted R® | 0.357341
constant 5.15710 0.000%***

B-coefficient | —0.200077 | 0.0009***
adjusted R® | 0.650723

new
members

Source: own compilation

Malta and the United Kingdom performed very well with regard to the ratio of
consumption of renewables to total energy, so they form an indepent cluster. But we note that
these countries had the lowest basic values (in Malta in 2004 the share of the renewable was
only 0.3%, in the UK 1.2%), from where they could easily develop. The following group
contains Finland, Latvia, and Sweden. These countries are generally environmentally
conscious, and their renewables capacity was already remarkable in 2004. Their growth rate
does not seem to be high, but in spite of that the capacity rise is serious (because of the high

initial level).

Malta and the United Kingdom performed very well with regard to the ratio of
consumption of renewables to total energy, so they form an indepent cluster. But we note that
these countries had the lowest basic values (in Malta in 2004 the share of the renewable was
only 0.3%, in the UK 1.2%), from where they could easily develop. The following group
contains Finland, Latvia, and Sweden. These countries are generally environmentally
conscious, and their renewables capacity was already remarkable in 2004. Their growth rate
does not seem to be high, but in spite of that the capacity rise is serious (because of the high
initial level).

Denmark, Austria, Portugal, Estonia, Croatia, Lithuania, Romania, and Slovenia form the
third cluster. The basic value of these countries is about 15-2% in 2004, an increase of 5-10
percentage point to 2012.

The last cluster has the largest number of elements: it includes Belgium, Ireland, Germany,
Greece, Spain, Luxembourg, the Netherlands, France, Italy, Bulgaria, the Czech Republic,
Cyprus, Hungary, Poland, and Slovakia. This cluster is characterised by a low initial level

coupled with a high growth rate (Fig. 6).
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Figure 6 Convergence clubs in the share of renewable energy sources
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CONCLUSION

The 20-20-20 goals for energy intensity, share of renewable energy sources and the emissions
complement each other very well, but examining progress being made toward meeting the
goals is extremely important not only for decision makers, but for economic players as well.
With adequate feedback the applied toolbar can be developed and expanded, and its
effectiveness can be measured. In this study the presence of sigma, gamma, and absolute beta
convergence was examined for these three energy indicators in the 28 member states of the
European Union between 2001 and 2012. Furthermore, convergence clubs gave a useful
additional perspective.

After carrying out the analysis we can make the following statements: 1) Sigma
convergence can be proved in all of the examined indicators in the European Union. However
the extremely weak presence of gamma convergence can be verified only in emission
intensity. This means that the country differences remain between 2001 and 2012, but that
those differences have reduced significantly. 2) The sigma convergence calculations in energy
and emission intensity indicate the year 2009 to be a turning point, a so-called structural

break. Convergence is replaced by divergence, but only temporarily (for 2 years). 3) Beta
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convergence indicates that the countries with low (poor) initial levels of the selected indicator
are catching up to the better performing countries. 4) The results of sigma and beta
convergence call attention to the significant differences between the new and old member
states. In the energy and emission intensity convergence calculations it was found that the
sigma and beta convergence is much stronger for the new members than in the whole
integration. At the same time, in the old members the B coefficient is not significant by these
cases and the sigma convergence shows the persistence of the disparities. So those countries
that have a weak initial level of energy efficiency and emissions (the new members) tend to
grow comparatively faster than those with high initial levels (the new members). 5) The sigma
and beta convergence calculations support the finding that the convergence in the share of the
renewable energy sources is the strongest of the three examined indicators. 6) In the
convergence club calculations the groups formed are arranged into the old and new members.
7) The convergence calculation methods are appropriate to control the national environmental
processes. It can be stated that differentiated environmental policies should be applied with
regard the old and new members.

The results should be taking into account when the European Union countries set up the
new climate and energy objectives to 2030. Especially the members’ clusters (the results of
the convergence club calculations) should be considered and it is appropriate to determine the
national target numbers (and the related national environmental and energy policies) with
regard the cluster groups.

It is important to note that long-term conclusions about the energy convergence need more
than 12 years of data, and the analysis of the conditional beta convergence is necessary. We
set the objective to do this in the near future, in the next phase of our study. However, the
current analysis can provide insight into the current processes, thus helping to monitor the

progress towards the the 20-20-20 goal and to give feedback.
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