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The European Union (EU) Cohesion Policy is the cornerstone of the EU policy. Therefore the aim of this
study is to cover the implication of cohesion policy to greenhouse gas emissions from production-based
perspective. Considering that the main task of the EU Cohesion Policy 2007–2013 was the convergence
process, by applying the b-convergence the study showed that the EU Cohesion Policy (2007–2013) was
implemented successfully and economic convergence in the EU countries was observed. Furthermore,
the convergence of GHG emissions from a production-based perspective was conﬁrmed as well.
Evaluating the correlation coefﬁcient between the technological contribution to changes in GHG
emissions and GDP growth rate, the results showed that contribution of technological progress was the
largest in those EU countries where the fastest GDP growth rate was observed. However, despite the
considerable technological contribution to GHG emissions reductions, it does not offset the effect of
production scale in the countries such as Bulgaria, Poland and the Baltic States. In terms of economic
structural changes, the result revealed that economic growth did not seem to make an effect on larger
contribution of economic structural change to GHG emissions reductions. Meanwhile, considering the
implication of the new EU Cohesion Policy (2014–2020), it was shown the importance of the EU
2020 strategy implementation. Using correlation coefﬁcient between changes in GHG emissions and
changes in the share of renewable energy, expenditure on R&D as a percentage of GDP and energy
efﬁciency, only the growth in the share of renewable energy resources had signiﬁcant direct impact on
the reduction of GHG emissions. Therefore the promotion of the share of renewable energy as well as
technologies which contributed to the decrease of GHG emissions and the growth of energy saving rate,
is the most important in seeking GHG reduction in the EU.
ß 2015 Elsevier Ltd. All rights reserved.
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1. Introduction
The increasing threat of global warming and climate change has
been a major on-going concern in recent decades. Considering that
the EU is one of the largest greenhouse gas (GHG) emitters in the
world, researchers have paid much attention to GHG emissions. A
number of studies (see Saikku et al., 2008; Fernández González
et al., 2014a,c; Kaivo-oja et al., 2014; Brizga et al., 2014) have
applied decomposition analysis in order to explain factors affecting
general GHG emission in the EU countries.
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However, there is a lack of studies about changes in GHG
emissions caused by economic activities in all the EU countries.
Most studies (see Marin et al., 2012; Butnar and LIop, 2011;
Hammond and Norman, 2012; Padilla and Duro, 2013; Wood,
2009; Alves and Mountinho, 2013) have analysed tendencies of
GHG emissions for separate activities only, such as manufacturing,
service industries, agriculture and others.
Furthermore, considering the EU Cohesion Policy, it is very
important to analyse the outcomes of the Policy implementation
to changes in GHG emissions in the EU. The main task of the EU
Cohesion Policy 2007–2013 was the convergence process when
the main budget was allocated to less economically developed
EU countries. Therefore in this paper it is analysed whether
convergence of GHG emissions from a production-based perspective occurred in the case of the EU economic convergence.
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Additionally, fast economic growth (particularly in the new EU
members where the level of GDP is the lowest) could inﬂuence the
growth in GHG emissions. However, according to Environmental
Kuznets Curve (EKC) theory, in mature economies in the case of
economic growth that is related to effect of technological and
economic structural changes, the environmental impact should
decrease (Pasche, 2002; Dinda, 2004; Robalino-López et al., 2015;
Farhani et al., 2014; Kaika and Zervas, 2013; Turner and Hanley,
2011). Therefore, this study reveals whether the EKC exists among
the EU countries or not and in which the EU countries the
contribution of technological and structural changes to a reduction
in GHG emissions was the largest as well as its relationship to the
level of GDP growth.
Moreover, in relation to the new EU Cohesion Policy (2014–
2020), which links the allocation of funds to the Europe
2020 strategy objectives, this paper analyses how the changes
in energy efﬁciency, share of renewable energy in the ﬁnal energy
consumption and expenditure on R&D inﬂuence changes in GHG
emissions. According to these ﬁndings, the implications for the EU
policy are suggested.
Thus, the rest of the paper proceeds as follows. Section 2
presents literature review of the EU enlargement process, studies
of the EKC, the EU Cohesion Policy and GHG emissions from a
production-based perspective. The methods of this paper are
described in Section 3. Section 4 discusses the results of the
convergence process on economies and GHG emissions, contribution of technological and structural alterations to changes in GHG
emissions and the implications for the EU Cohesion Policy (2014–
2020) implementation. Finally, Section 5 closes the paper with the
main conclusions.
2. Literature review
In 2004 the European Union had its largest enlargement when
eight new Central and Eastern European countries joined the
EU. Curran and Zignago (2012) stated that the Union had never
experienced such a major change in its structure and economic
geography in such a short period of time before. By entering
the EU new member states took full advantage of economic
integration within the European Single Market through the free
movement of goods (Doyle and Fidrmuc, 2006). Thus the
enlargement coincided with major changes in the structure of
trade within and beyond the EU (Curran and Zignago, 2012).
Moreover, the new EU members were included in the EU-wide
system of redistribution, including Structural and Cohesion
funds. Doyle and Fidrmuc (2006) conﬁrmed that eligibility for
regional aid is directly related to the new EU members’ economic
development. Thus impact of enlargement was greater on the
new EU member states than on the old ones (Liobikienė and
Mandravickaitė, 2011; Curran and Zignago, 2012). In the new
EU member states the rate of accelerating growth was related
to the beneﬁts of institutional and ﬁnancial investment resulting
from the old member states of the European Union (Kolodko,
2009).
Therefore many authors (see Welsch and Bonn, 2008; Rapacki
and Prochniak, 2009; Juknys et al., 2014) found that faster
economic growth in the new EU member states than in the old
members determined the process of the EU economic convergence. Thus the EU convergence process was inﬂuenced by the
successful implementation of the EU Cohesion Policy (2007–
2013) via reallocation of funds across the poorest EU regions
(Rakauskienė and Kozlovskij, 2014). Despite that one third of
the EU Cohesion Policy (2007–2013) budget was meant to
environmental issues and climate change, the main concern
was about the integration impact on economies (Jacoby, 2010;
Curran and Zignago, 2012).
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2.1. Studies of Environmental Kuznets Curve (EKC) in the EU
Considering that the EU Cohesion Policy’s (2007–2013) main
aim was the convergence process, when economy in the less
developed EU countries grew fast, it is very important that the
environmental impact would grow more slowly or, even better,
decrease. However, researchers (see Zhang et al., 2012; Kim and
Kim, 2012; Kumar and Managi, 2010) revealed that in developing
countries economic growth was the most important contributor to
the increase in GHG emission. Meanwhile other authors (see Liou
and Wu, 2011; Alves and Mountinho, 2013; Botringer and
Rutherfors, 2013; Voigt et al., 2014; Herrerias, 2013; Turner and
Hanley, 2011) declared that in countries with mature economies
GHG emissions should decrease through the use of advanced
technologies and innovations. Moreover, some authors (see Parith
et al., 2009; Wood, 2009; Butnar and LIop, 2011; Wang et al., 2013;
Brizga et al., 2014) also highlighted that an alteration of economic
structure, which reveals whether an economy grows faster in less
polluting sectors (i.e. services) than in more polluting ones, also
contributes to the reduction of GHG emissions. Thus technological
and economic structural changes lead to the occurrence of EKC
(Pasche, 2002; Dinda, 2004; Robalino-López et al., 2015; Farhani
et al., 2014; Kaika and Zervas, 2013; Turner and Hanley, 2011).
However, Fernández González et al. (2014a) found that in the
EU countries the inertia of European economic growth affected
GHG emissions. Bölük and Mert (2014) during the period of 1990–
2008 found no statistical evidence of existing EKC for GHG
emissions in 16 EU countries. As for separate EU countries that the
authors covered, the EKC during the period of 1960–2011 was
observed in Sweden and Germany (Waslekar, 2014). According to
the study of López-Menéndez and colleagues (2014), the decreasing EKC pattern during the period of 1996–2010 was observed in
Austria, Belgium, Finland, France, Germany, Italy, Netherlands,
Sweden and the UK. However, the increasing EKC pattern was
found in almost all new EU members: Bulgaria, Romania, the Czech
Republic, Estonia, Hungary, Latvia, Lithuania, Malta, Poland,
Slovakia, and Portugal (López-Menéndez et al., 2014). Thus many
EU countries must make additional efforts in order to reduce GHG
emissions.
2.2. GHG emissions from a production-based perspective and the
implementation of EU Cohesion Policy (2014–2020)
Regarding emissions of GHG in the EU countries, the most
important is the production perspective, especially production
activities that require fossil fuels (Parith et al., 2009; EEA, 2010).
In Fig. 1 it is shown that greenhouse gas emissions from a

Fig. 1. The share of GHG emissions from a production-based perspective.
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production-based perspective amount to the largest share of
general GHG emissions in the EU countries. The data errors are
observed in the case of Denmark, as the GHG emissions exceeded
general level of country’s GHG emission. Meanwhile only in France
and Ireland the share of GHG emissions from a production-based
perspective comprised a lower share among the EU countries.
Nevertheless, this share amounts two thirds of general emissions.
As for a production-based perspective, imports are not included
in this amount. Thus the production perspective takes into account
the responsibility of country-producer, considering direct emissions in a particular country due to domestic production processes
that generate pressures and impacts within that country (Peters,
2008; Wood, 2009; Marin et al., 2012). Therefore a government has
direct authority to implement policies over emissions which
certain industries generate (Peters, 2008).
Meanwhile, considering the EU Cohesion Policy (2014–2020),
this policy links the allocation of funds to the Europe 2020 strategy
objectives. The main task of the Europe 2020 strategy is to reduce
GHG emissions 20%, in comparison to the level in 1990, by 2020
(EC, 2010). Moreover, in this policy the growth of expenditure
on R&D, energy efﬁciency and the share of renewable energy
resources are introduced as well. All the mentioned factors
contribute to the reduction of GHG emissions. For example, Apak
and Atay (2013) declared that investment in R&D is one of the most
important instruments for supporting the development of a lowcarbon economy at the local and the EU level. Expenditure on R&D
is related to the spillover of innovation and is a key factor by which
a positive inﬂuence on future emission reductions may occur
(Corradini et al., 2014; Kaika and Zervas, 2013).
Considering energy efﬁciency, research works (see Marrero,
2010; Kaika and Zervas, 2013; Acaravci and Ozturk, 2010; Liou and
Wu, 2011) highlighted that in general energy consumption
accompanies economic growth. However, when decomposition
analysis was applied, it was revealed that in order to reduce GHG
emissions it is very important to reduce energy intensity
(Fernández González et al., 2014a,c; Brizga et al., 2014). Other
authors (Moya and Pardo, 2013; Holt and Galligan, 2013; Blesl
et al., 2010; Siitonen et al., 2010) also declare that energy efﬁciency
is essential to attenuate the impact on global warming. However,
Fernández González and colleagues (2014b) stated that improvement of energy efﬁciency is not enough to offset joint inﬂuence of
growing overall activities as actual impact of increased energy
efﬁciency on total energy use and CO2 emissions is uncertain due to
the phenomenon of ‘rebound’ effects (Turner and Hanley, 2011).
Therefore it is more important to reduce energy consumption
rather to increase energy efﬁciency.
The promotion of renewable energy resources determined the
reduction of GHG emissions as well (Blesl et al., 2010; Capros et al.,
2011; Kitzing et al., 2012; Klessmann et al., 2011). Bölük and
Mert (2014) and López-Menéndez et al. (2014) have found that
renewable energy consumption signiﬁcantly lowers GHG emission
in the EU.
3. Methods and data
This analysis covers 25 EU countries (Austria, Belgium, Bulgaria,
Czech Republic, Cyprus, Estonia, Finland, France, Germany, Greece,
Hungary, Italy, Ireland, Latvia, Lithuania, Malta, Netherlands,
Poland, Portugal, Romania, Spain, Slovenia, Slovakia, Sweden,
United Kingdom) which had joined the EU by 2007, excluding
Denmark due to the errors in data, and Luxembourg due to lack of
data. In order to evaluate GHG emissions from the productionbased activities, air emission account data of 14 economic activities
(Annex 1), taken from the Eurostat database, were analysed.
Eurostat for the compilation of air emission accounts applied the
‘‘inventory-ﬁrst-approach’’. The ‘‘inventory-ﬁrst-approach’’ starts

from existing national emission inventories and re-arranges the data
to a format compatible with national accounts. GHG emissions were
aggregated referring to carbon dioxide (CO2), methane (CH4) and
nitrous oxide (N2O) emissions (de Leeuw, 2002).
In order to reveal economic impact on changes in GHG
emissions, GDP per capita PPP (constant 2005 international $)
instead of market exchange rate was used. This was done in order
to compare the outputs of economies in real terms. Economic
development was the main factor in analysing the contributors,
such as technology and structural alterations as well.
3.1. Evaluation of convergence of GDP and GHG emissions from the
production-based perspective
In order to evaluate convergence process in the EU countries,

b-convergence was applied. b-Convergence considers whether
poorer countries and regions are able to catch-up with richer ones
(Barro and Sala-i-Martin, 1992). Taking into account GHG
emissions, b-convergence occurs in the EU countries where
GHG emissions are lower, and it tends to grow faster (or decrease
more slowly) than in countries where GHG emissions are larger
(Markandya et al., 2006; Li and Lin, 2013). The b-convergence was
estimated as follows:
 
1
Y
ln iT ¼ a þ b lnY i0
(1)
T
Y i0
where
T – the duration of investigated period (number of years).
Yi0 – the value of the analysed indicator (GDP, GHG emissions)
in the initial year of the period investigated.
YiT – the value of the analysed indicator in the end year of the
period investigated.
When the slope of linear regression (coefﬁcient b) is negative and
statistically signiﬁcant, it indicates the occurrence of convergence.
3.2. Evaluation of technology and structure alteration contribution to
changes in GHG emissions
When the technological contribution to GHG changes was
considered, its effect was indicated by a change in GHG emissions
intensity within the given sectors (Voigt et al., 2014). Deﬁnition of
technology in this article includes not only technological progress,
but also other instruments, such as renewable energy consumption,
expansion of eco-labelled agriculture and other tools related to GHG
emission intensity reduction. In other words, it indicates how well
each EU country enhances its capability for innovating in new,
advanced technology to reduce GHG emissions (Kim and Kim, 2012).
Decomposition analysis could not be used for the evaluation of
the technological contribution to changes in GHG emissions
because of the lack of data. However, two scenarios there were
compared in this instance. In the ﬁrst scenario coefﬁcient of air
emissions intensity was calculated for 2000. Referring to the fact
that intensity coefﬁcient during the period analysed was the same
as in 2000, it was assumed that GHG equivalent emissions grew at
the same rate as economic activities. The second scenario was
based on the real growth of air emissions from economic activities,
which conveys real changes in emissions and the emission
intensity coefﬁcient. A difference between these two scenarios
in 2010 reveals technological contribution to changes in GHG
emissions. Therefore the technological contribution from 2000 to
2010 was calculated as follows:
P
VA  Ii0
Tc ¼ Pi it
(2)
i VAit  Iit
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where
Tc – the technology contribution to changes in GHG emissions
in the EU country.
VAit – the value added of economic activity i in the year 2010 in
Euros in constant prices.
Ii0 – the GHG emissions intensity of economic activity i in year
2000.
Iit – the GHG emissions intensity of economic activity i in year
2010.
In order to evaluate structural changes of economies to
contribution to the alterations of GHG emissions during 2000–
2010, two further scenarios were also compared. The ﬁrst one
describes situation when the economic structure does not change
and the second scenario is based on real change in production
structure. Thus the following formula was used:
P
ðVA  vÞ  Iit
(3)
Sc ¼ i P i0
i VAit  I it
where
Sc – the contribution of economic structural changes to changes
of GHG emissions in the EU country.
VAi0 – the value added of economic activity i in the year 2000 in
Euros in constant prices.
v – the changes in gross value added of all economic activities
during 2000–2010.
Therefore in this study the extent of contribution of technological and economic structural changes to GHG emissions in the
distinct EU countries was evaluated.
3.3. Evaluation of EU Cohesion Policy (2014–2020) implementation
impact on changes in GHG emissions
In order to reveal implications of the EU Cohesion Policy (2014–
2020) implementation regarding its impact on GHG emissions, this
study applied Spearman correlation. Using the EU countries panel
data 2010 there was evaluated correlation coefﬁcient between
changes in GHG emissions and changes in the share of renewable
energy, expenditure on R&D as a percentage of GDP, and energy
efﬁciency.
4. Results and discussion
4.1. The EU convergence of GDP and implication regarding GHG
emissions
In the case of EU enlargement and implementation of the EU
Cohesion Policy (2007–2013), new EU members took full advantage

Fig. 2. Regression of GDP growth rate at initial level in the EU-26.

of the Structural and Cohesion funds as well as economic integration
within the European Single Market. These factors drove the
convergence process when economies grew faster in the new EU
member states than in old members, which had a higher level of
GDP, particularly during the period of economic prosperity (Rapacki
and Prochniak, 2009; Juknys et al., 2014). Our results also conﬁrmed
occurrence of economic convergence during the period analysed
(2000–2010) across the EU countries. Fig. 2 shows that countries
such as Romania, Bulgaria and all the Baltic States, which had the
lowest initial level of GDP, grew faster than old well developed EU
countries and thus the EU Cohesion Policy (2007–2013) was
successfully implemented.
Furthermore, analysing relationship between economic development and the level of GHG emissions of the EU-25 countries,
from Fig. 3 (left) it is evident that in 2010 the EKC across the EU
countries did not occur. A positive and statistically signiﬁcant
correlation between GDP and GHG emissions conveys that the
more developed EU countries, the bigger emitters of GHG they
were. Bölük and Mert (2014) found the same results. Therefore,
these countries should implement a strict GHG reduction policy
and less economically developed EU countries should not follow
the experience of the rich ones.
Moreover, as it is shown in Fig. 3 (right) the economic growth
affected an increase in GHG emissions as well. Countries where
economies grew the most rapidly were characterised by growth in
GHG emissions. This was particularly typical for the new EU
members. Therefore, taking in to account the EU Cohesion Policy
(2007–2013), when the GDP growth, particularly in new EU
member states, is desirable, the situation described was not
favourable. On the other hand, countries where the growth of GDP
was one of the lowest were characterised by the largest decrease in
GHG emissions. Thus, furthering the process of convergence, which
main attribute is the decelerating growth of GDP, and particularly
in developed countries, has positive trends regarding the
implementation of GHG reductions.

Fig. 3. Correlations between GDP and GHG emissions (left), and between growth rate of GDP and GHG emissions (right).
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Fig. 4. Regression of growth rate in GHG emissions from a production-based perspective at initial level in the EU-25.

Furthermore, the convergence of GHG emissions from a
production-based perspective was conﬁrmed as well (Fig. 4). It
shows that the pollution of GHG emissions during analysed period
increased the most in least emitting countries. Meanwhile in the
most polluting countries the emissions decreased. The most
problematic countries are Estonia, Austria and Poland, where the
initial level of emissions was one of the highest and the growth in
pollution was one of the largest as well (Fig. 4). Therefore, this
results shows that implementation of climate change policy in
these countries was ineffective. Furthermore, the growth in GHG
emissions during period analysed also occurred in Lithuania,
Latvia, Malta, Slovenia and Bulgaria, where the initial GHG level
was not so high. However, it was negative in terms of the EU
climate policy. In contrast, positive changes in GHG emissions were
observed in Ireland, Spain, Finland and France, where the reduction
in GHG emissions was the largest (Fig. 4).
According to these results, the countries in which the growth of
GHG emissions was observed should follow the best practices of
the successful reduction in GHG emission. Considering that the
most important factors for a GHG emissions reduction is
technological improvement and structural composition changes,
in the next section it is analysed how these factors contribute to
changes in GHG emissions and how this depends on the GDP
growth rate.
4.2. Contribution of technological improvements and structure
composition alterations to changes in GHG emissions
Many research works (see Voigt et al., 2014; Zhang et al., 2012;
Alves and Mountinho, 2013) have stated that economic growth can
stimulate innovations and technological progress, and this should
decrease GHG emissions. It was also observed that technological

component plays a particularly prominent role in Romania,
Slovakia and Bulgaria, where intensity of GHG emissions caused
by economic activities in 2010 decreased the most in comparison
with 2000. This showed that technological improvements and
introduction of innovations related to reduction of GHG emissions
intensity contributed between 55% and 75% to the GHG emissions
reduction in these countries (Fig. 5). Meanwhile, between 2000 and
2010 in Austria the GHG emissions intensity increased (Fig. 5).
Therefore, this EU country should devote more attention to
decreasing economic activities based on GHG emissions intensity
in order to implement the GHG emissions reduction policy.
Taking into account the fast economic convergence of the EU,
which was inﬂuenced by the implementation of the EU Cohesion
Policy (2007–2013), the correlation between technological contribution to changes in GHG emissions and GDP growth rate was
analysed. A positive and statistically signiﬁcant correlation
coefﬁcient was detected (Fig. 5), which conveys that technological
progress’s contribution was larger in those EU countries where the
fastest GDP growth rate was observed. Therefore, these results
reveal that technological progress is related to a decrease in GHG
emissions intensity, which depends on the economic development.
However, despite the considerable technological contribution to
GHG emissions reductions, it does not offset the effect of
production scale in countries such as Bulgaria, Poland and the
Baltic States. During the analysed period an increase in GHG
emissions in these countries was observed. Therefore it is
additionally important to promote technological contribution,
particularly when GDP grows very rapidly.
The second tool, which contributes to GHG emissions reduction,
is economic structural alteration. Thus the results show that this
factor contributed to GHG emissions reductions the most in the
Czech Republic, Bulgaria and Estonia. However, this impact was

Fig. 5. Relationship between technological contribution to GHG emissions and GDP growth rate in the EU-25 countries.
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Fig. 6. Relationship between contribution of economic structural alteration in GHG emissions and GDP growth rate in EU-25 countries.

smaller than the technological one. So, in the aforementioned
countries economic structural alteration between 2000 and
2010 contributed to a 20% reduction in GHG emissions. Meanwhile
in the Netherlands, Slovakia and Germany the impact of structural
change had a negative impact (Fig. 6). This implies that in these
countries the gross value added grew faster in more polluting
economic activities than in services.
Analysing the GDP growth rate’s impact on the contribution of
structural alteration to GHG emissions, a positive, however,
statistically insigniﬁcant relationship was determined (Fig. 6).
This result reveals that economic growth did not seem to affect
larger share of contribution of economic structural change to GHG
emissions reductions. Furthermore, Voigt and colleagues (2014)
have stated that in pursuing long-term aims and thus to reduce the
environmental impact it is more important to develop a
technological progress in combination with regulatory and
institutional changes than to promote alteration in production
structure.
4.3. The implication of the EU Cohesion Policy (2014–2020)
implementation to the changes in GHG emissions
The latest EU Cohesion Policy (2014–2020) expresses more
concern with environmental issues than the EU Cohesion Policy
(2007–2013) and it covers the Europe 2020 strategy objectives.
One of the main tasks of the Europe 2020 strategy is to
reduce GHG emissions in the EU by 20% in comparison with
1990 levels. However, due to the lack of data it was not possible
to evaluate GHG emission changes from a production-based
perspective in comparison with their initial (1990) level.
However, during the period of 2000–2010 negative tendencies
were observed when GHG emissions in some EU countries, such
as Austria, Poland, Malta, Bulgaria, Slovenia and the Baltic States,
even increased.
Taking into account that the most recent EU Cohesion Policy
(2014–2020) links the allocation of more funds to research and
technology, renewable resources and energy efﬁciency, how the
changes of these variables inﬂuenced changes in GHG emissions
there is analysed further. Thereby in Table 1 it is shown that the
impact of changes in expenditure on R&D is indirectly linked to
changes in GHG emissions. However, it is vital to reduce global
carbon emissions by using signiﬁcant technological progress (such
as zero emission energy technologies, zero emission vehicles, etc.)
in combination with regulatory and institutional change (Apak and
Atay, 2013), as the expenditure on R&D impacts the reduction on
GHG only when it is implementing the technologies which impact
the decrease of GHG emissions.

Analysing the impact of changes in energy efﬁciency to changes
in GHG emissions, general energy efﬁciency measure there was
used due to the lack of energy account data. However, a statistically
insigniﬁcant positive correlation coefﬁcient was determined
(Table 1). This result reveals that the changes in energy efﬁciency
did not have direct impact on changes in GHG emissions as well.
However, the result should be evaluated cautiously because the
impact of general energy efﬁciency was studied. Nevertheless,
considering that GHG emissions from the production-based
perspective formed the largest share of general GHG emissions
in EU countries, it was assumed that energy consumption from a
production-based perspective should form the largest share in the
EU countries as well. Thus the fact that a change in energy
efﬁciency does not inﬂuence changes in GHG emissions could be
due to the phenomenon of rebound effects (Turner and Hanley,
2011). Moreover, it could also be related to the fact that, despite the
growth of energy efﬁciency, energy consumption increased
further. EEA (2013) and Smit et al. (2014) also stated the energy
saving target is the most problematic in the EU. Therefore, in order
to achieve GHG emissions targets, it is very important the increase
of energy efﬁciency in order to reduce the energy consumption in
the EU countries.
Meanwhile our results showed that only the growth in the
share of renewable energy drives a reduction in GHG emissions
and this relationship is statistically signiﬁcant (Table 1). Bölük
and Mert (2014) and López-Menéndez et al. (2014) also found
that renewable energy consumption signiﬁcantly lowers GHG
emission in the EU. Therefore implementing the target to
increase the share of renewable energy resources is successful
as contribution to GHG emissions reductions. However, Klessman and colleagues (2011) stated that many EU members have a
very low policy effectiveness and deployments status for almost
all renewable energy sources. Therefore, it is very important to
make additional policy efforts to implement European targets of
renewable energy sources (Klessmann et al., 2011; Kitzing et al.,
2012; Capros et al., 2011).

Table 1
Matrix of correlation coefﬁcients.

DGHG emissions from a
production-based perspective

DExpenditure on R&D, % of GDP
DEnergy efﬁciency
DShare of renewable energy %
*

p < 0.05.

0.1
0.13
0.41*
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5. Conclusions
The results from this study show that in the period of 2000–
2010 in the EU countries economic convergence there was
observed. This means that the EU Cohesion Policy (2003–2007)
was implemented successfully. Considering that in the case of
convergence process GDP in the new EU members grew very fast, it
drove an increase in GHG emissions from a production-based
perspective, which is not favourable from a GHG emissions
reduction policy viewpoint. On the other hand, countries where
the growth of GDP was one of the lowest were characterised by the
largest decrease in GHG emissions. Thus, furthering the process of
convergence, which main attribute is the decelerating growth of
GDP, and particularly in developed countries, has positive trends
regarding the implementation of GHG reductions. Moreover,
convergence of GHG emissions was conﬁrmed as well. It was
determined that the most problematic countries were Austria,
Poland, Slovenia, Bulgaria, Malta and the Baltic States, where the
growth of GHG emissions was observed. Therefore these countries,
in order to reach the targets of GHG emissions reductions, should
follow the best practices of countries, where the largest decrease
in GHG emissions was observed.
The most important tools for a reduction in GHG emissions are
technology and structural alteration of economy. Contribution
of technological progress was larger in those EU countries where
the fastest GDP growth rate was observed. The results of this
study show that technological component plays a particularly
prominent role in Romania, Slovakia and Bulgaria, where the
intensity of GHG emissions in separate economic activities in
2010 in comparison with 2000 decreased the most. Despite the
big technological contribution to GHG emissions reductions, it
does not offset the effect of production scale in countries such as
Bulgaria, Poland and the Baltic States. Meanwhile in Austria GHG
emissions intensity between 2000 and 2010 increased. Therefore
it is additionally important to promote technological contributions, particularly in Austria and in those countries where GDP
grows very fast.
Economic structural changes contributed to GHG emissions
reductions the most in the Czech Republic, Bulgaria and
Estonia. However, this impact was smaller than the technological one. Meanwhile, in the Netherlands, Slovakia and Germany
structural change had a negative impact. Moreover, economic
growth did not seem to affect larger part of contribution of
economic structural change to GHG emissions reductions. Thus,
pursuing long-term aims, it is more important to develop
technological progress than to promote alteration of the
production structure.
Considering new EU Cohesion Policy (2014–2020), which links
the allocation of funds to Europe 2020 strategy objectives, no
signiﬁcant correlation coefﬁcient between changes in GHG
emission and changes in expenditure on R&D and energy efﬁciency
was found. The impact of expenditure on R&D is indirectly related
to changes in GHG emissions, but can appear later when particular
technologies, which are related to expenditure on R&D, are
implemented. Therefore it is very important to increase expenditure on R&D and spillover of innovations further.
The fact that energy efﬁciency does not inﬂuence changes in
GHG emissions could be related to the case that, despite the
growth of energy efﬁciency, energy consumption increased further
and thus the EU energy policy is implemented ineffectively.
Therefore it is very important to reduce the energy consumption in
order to increase the energy efﬁciency in the EU countries.
Meanwhile only the growth in the share of renewable energy
resources signiﬁcantly drives a reduction in GHG emissions.
Therefore it is very important to make additional policy efforts to
implement Europe 2020 targets of renewable energy sources.

Appendix A. Annex 1
See Table A.1.
Table A.1
Aggregates of statistical classiﬁcation of economic activities (NACE rev. 1.1) used in
research.
NACE code

Economic activity

A
C
D
E

Agriculture, forestry and ﬁshing
Mining and quarrying
Manufacturing
Electricity, gas, steam and air conditioning supply and
water supply
Construction
Wholesale and retail trade; repair of motor vehicles and
motorcycles
Transportation and storage
Post and telecommunications
Financial and insurance activities
Real estate activities
Public administration and defence; compulsory social security
Education
Human health and social work activities
Other service activities

F
G
I
I64
J
K
L
M
N
O
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Fernández González, P., Landajo, M., Presno, M.J., 2014b. Multilevel LMDI
decomposition of changes in aggregate energy consumption. A cross country
analysis in the EU-27. Energy Policy 68, 576–584.
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