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Club Convergence of Sectoral CO2 Emissions in the European Union 

1. Introduction 

Since the adoption of the Kyoto Protocol in 1997, the EU has set targets for cutting 

greenhouse gas (GHG) emissions until 2020 and beyond by means of a “bubble” system. 

This system relies on the idea that countries should converge to the same level of 

emissions per capita. The 2008-2020 European Energy and Climate Change Package sets 

the 20-20-20 targets to be reached by 2020 (GHG emissions 20% lower than in 1990, 

20% of energy from renewable sources and a 20% increase in energy efficiency). 

Moreover, the roadmap set by the European Commission in 2011 has even more 

ambitious targets (COM (2011) 885 final). This roadmap indicates that by 2050 the EU 

should have reduced its emissions to 80% below 1990 levels through domestic reductions 

and intermediate milestones (to 40% by 2030, 60% by 2040 and 80% by 2050). 

According to the framework adopted by the European Council in 2014 (COM (2014) 015 

final) the key targets for renewables and energy efficiency for 2030 are set as: at least 

32% share for renewable energy and 32% improvement in energy efficiency. These 

targets, originally set at 27%, were revised upwards in 2018. Moreover, EU members 

have to adopt integrated National Climate and Energy Plans (NECPs) for the period 2021-

2030, which drafts had to be submitted by the end of 2018 and the final plans are due by 

the end of 2019. While each EU country has a mandatory target in terms of emission 

reduction, renewable energy and energy efficiency targets are only set at the EU level. 

To apply effective policies aimed at achieving these goals, it is crucial to identify the 

trend in each member state and to analyse the evolution of emissions in different 

economic sectors. This will help determine where efforts should be directed and whether 

the policies enacted have been effective. Both EU institutions and national (or even 

regional) authorities have a crucial role in the success of these targets; although climate 
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change is an international problem in scope, domestic or regional policies should be 

implemented to mitigate CO2 emissions (Burnett, 2016). The EU has played a leading 

role in the fight against climate change, pledging to reduce its GHG emissions. In 

particular, the EU committed to reducing its emissions by 8% in 2008-2012 compared to 

1990 levels, through a bubble system, meaning that each member state had its own 

reduction target, although some counties were actually allowed to increase emissions. 

The objectives pursued by the Kyoto Protocol followed on from the Paris Agreement, 

which entered into force in November 2016. The parties had to submit their NECPs, 

including specific reduction targets, subject to legally binding obligations. The EU was 

the first major economy to present its climate plan (Intended Nationally Determined 

Contributions) in March 2015, as part of the European framework on climate and energy 

set by the European Council in October 2014, and the European Commission's blueprint 

for tackling global climate change beyond 2020 (European Commission, 2015). 

According to the European Commission (European Commission, 2016), in order to 

properly manage a smooth transition to a low-carbon economy, EU countries’ different 

energy mixes and production structures should be taken into account. Therefore, the EU 

has maintained the bubble system to reduce GHG emissions and has set several goals 

with different time horizons. The roadmap to a low-carbon economy stipulates that by 

2020 the EU should have cut its emissions by 30% relative to 1990 levels. Individual EU 

members are also required to develop their own national long-term strategies by the first 

of January 2020 and ensure consistency between these long-run plans and the 

corresponding NECPs. The individual targets ranged initially from a 20% reduction in 

GHG emissions for Denmark, Ireland and Luxembourg to an increase of 20% for 

Bulgaria. Basically, these goals imply a process of convergence in emissions among the 

member countries, according to which heavier polluters must make cuts while those with 
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lower emissions are allowed to increase them. After submission the NECPs drafts in 

2018, those were analysed by the Commission, which published in June 2019 (COM 

(2019) 285 final) the assessment of the drafts as a whole as well as specific 

recommendations for each country to be considered for the final NECP. 

The main aim of this paper is to test whether convergence in per capita CO2 emissions 

has occurred across countries and economic sectors using club convergence econometric 

methodologies and, in particular, the Phillips and Sul (2007, 2009) method. We consider 

this approach to be the most suitable for this study since it takes into account not only a 

static picture of convergence but also the transition path followed by each country in the 

convergence process. The analysis of relative conditional convergence is a key issue in 

the European environmental policy framework given that the European Commission has 

set different targets for EU members depending on their structural and economic 

characteristics. In this context, it is important to determine whether or not European 

countries’ emissions are converging to different steady states, in order to set them 

different (or not) reduction targets. Therefore, a more in-depth examination of this issue 

is crucial to set fair and realistic medium- and long-term reduction targets, both at the 

supranational level and at the domestic policy level. 

We depart from the previous related literature in that we study convergence in CO2 

emissions at the sectoral level. The sectors considered are agriculture, industry, and 

energy, with a special focus on the energy sector, which in 2014 accounted for about 30% 

of total GHG emissions in the EU2. This sector is further disaggregated into four 

subsectors: power generation and heating, manufactures and construction, transportation 

and other minor fuel combustion subsectors. 

                                                        
2Source: https://www.eea.europa.eu/data-and-maps/indicators/greenhouse-gas-emission-trends-
6/assessment. 
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The main results show weak evidence of convergence and indicate that the EU countries 

are far from reaching the bubble system target of equalizing per capita emissions. 

However, the results on relative convergence indicate that all EU countries have at least 

contained their emissions’ growth. In particular, we find convergence within several clubs 

or groups of countries although, at the same time, we observe major differences among 

the sectors and subsectors considered. We also find that the majority of the countries 

analysed have been able to reduce their emissions in some energy subsectors. There are 

some exceptions, which mostly correspond to the Central and Eastern European 

Countries (CEECs). However, the time-paths followed are promising and the evidence 

points towards the effectiveness of EU policies in helping curb emissions.  

The paper is organized as follows: Section 2 outlines and explains the different concepts 

of convergence. Section 3 presents a review of the literature and refers to the state of the 

art on the subject and methodology. Next, Section 4 describes the empirical approach 

applied, Section 5 discusses the overall and sectoral results obtained, and Section 6 points 

out the policy implications of the research. Finally, Section 7 concludes. 

 

2. Convergence: Concepts and Definitions 

The concept of convergence originated from Solow’s neoclassical growth model (Solow, 

1956), starting with Baumol (1986) and later further developed by Barro and Sala-i-

Martin (1991). It has since been applied to a range of different economic processes 

involving groups of countries. Although many different hypotheses have been proposed 

in this context, three stand out: absolute convergence, conditional convergence and club 

convergence. Absolute or β-convergence implies that the countries or units analysed 

converge to one another in the long run, independently of their initial conditions, whereas 

conditional convergence implies convergence that is conditional on the countries having 
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similar characteristics. Conversely, club convergence means that a set of economies with 

similar conditions and structural characteristics (such as technology, preferences, political 

systems) will tend to converge to the same steady state. Thus, as proposed by Quah (1996, 

1997), testing for club convergence would consist of testing for absolute or β-

convergence3 in countries that have, a priori, common structural characteristics.  

However, these definitions correspond to long-run concepts and have generally been 

tested under the restriction that, if convergence is found, it has already occurred. 

Convergence may only be found when in the steady state. Frequently this is not the case, 

as convergence may be an ongoing process. Thus, some countries may be catching-up 

without having reached the steady state. In such cases, a rejection of convergence would 

not be reflecting the process of convergence itself.  

 

Phillips and Sul (2007, 2009) proposed the concept of relative convergence, which 

considers the transition path of each country together with its growth performance to find 

convergence. Even among highly integrated countries, there may be heterogeneous 

characteristics—related not only to technology adoption but also to the institutional 

system and the structure of the economy—that explain non-convergence or, sometimes, 

different transition paths towards steady-state growth. Phillips and Sul (2009) are 

particularly interested in whether transitional heterogeneity may explain divergence in 

the empirical growth literature. More specifically, they suggest an econometric approach 

                                                        
3 There is β-convergence when poor economies tend to grow faster than rich ones; if this is the case, in the 
long term rich and poor countries tend to converge to the same level, the so-called steady state.  
β-convergence implies that there is a negative correlation between the rate of income growth in a country 

and its initial income level, reflected in the negative sign of the parameter b in: where 
yit is the income of country i in period t and uit is a stationary and independent error term. 
There is σ-convergence when some economies reduce the dispersion of the variable under study over time, 
i.e., σt+T < σt . The indicator of dispersion initially used by Barro and Sala-i-Martin (1992) was the standard 
deviation but other indicators have been used for this purpose such as the variance, the coefficient of 
variation or the Gini index.  
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that jointly considers an economy’s transition path with its growth performance. 

Similarly, this concept can be easily extended to the literature of convergence in 

emissions, as institutional decisions (international agreements to reduce emissions at 

fixed dates) and technology adoption are key factors accounting for the varying 

performance of different countries. 

 

3. Review of the Literature on Club Convergence of CO2 Emissions 

Following the seminal paper by Barro and Sala-i-Martin (1992), the concept of 

convergence has been widely used in the empirical literature to evaluate not only 

economic growth, but also productivity, energy efficiency, technology and interest rates, 

among others. 

Concerning convergence in GHG emissions, List (1999) was one of the first to apply the 

concepts of cross-convergence, β-convergence and stochastic convergence, finding 

convergence in emissions of nitrogen oxides and sulfur dioxide among US regions from 

1929 to 1994. Since then, and probably influenced by the Kyoto Protocol commitments, 

a vast literature has been published on this topic4. In what follows, we specifically focus 

on the literature on convergence clubs that is most closely related to this paper. In two 

seminal papers, Phillips and Sul (2007, 2009) propose a methodology to test for 

convergence based on an algorithm that also permits countries to be classified into 

convergence clubs. Using this technique, Panopoulou and Pantelides (2009) examine CO2 

emissions in 128 countries between 1960 and 2003, finding the existence of convergence 

for the whole sample, with two clubs of countries moving towards different steady states 

that gradually converge. In a similar fashion, Camarero et al (2014) assess convergence 

in eco-efficiency among 27 European countries during the period 1990-2009, considering 

                                                        
4 See also Bassari et al. (2008) for a revised analysis of stochastic convergence. 
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CO2, NO2 and CH4 emissions. The authors find four to six convergence clubs depending 

on the gas considered. CEECs turn out to be less eco-efficient than the rest of the EU 

members. 

Also looking for convergence clubs, Huang and Meng (2013) address the influence of 

geography on convergence by analysing per capita CO2 emissions in China from 1985 to 

2008 across spatial areas. The results show convergence towards higher levels of 

emissions per capita in all the areas considered and some evidence indicating that spatial 

factors accelerate the rate of convergence in neighbouring urban areas. Zhang and 

Broadstock (2016) use the club convergence approach to study energy intensity in China 

and their main findings indicate the existence of three clubs of regions that differ 

significantly from one another. 

 

4. Empirical Methodology  

In this section we present a summary of Phillips and Sul’s (2007, 2009) approaches to 

relative and club convergence. Phillips and Sul’s (2009) proposal is based on a nonlinear 

dynamic factor model for the logarithm of the dependent variable, growth in their case  

and emissions in this paper, given by: 

  [1] 

where  represents the transitional dynamics of capital (see equation (6) in Phillips and 

Sul (2009)) and the component  captures the idiosyncratic time paths of technological 

progress. In this case, the growth component  is common across countries, and the 

individual transition factors  capture individual economic performance.  

Phillips and Sul (2007) defined relative convergence, which implies growth convergence 

in the long run rather than level convergence; it also holds independently of the order of 

integration of the common component. This concept of convergence allows for a time-
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varying bit (instead of a constant speed of convergence, b, as in neoclassical models). 

Relative convergence can be defined as: 

 for all i and j    [2] 

Furthermore, this approach avoids the pitfalls associated with other convergence tests that 

have been used in the empirical literature. Traditional convergence tests try to assess 

whether b is positive or negative. However, when technology is heterogeneous, it makes 

sense to allow for transition periods when b is time-varying and depends on the rate of 

technical progress. From an economic point of view,  measures the relative share in  

(see equation [1]), a common trend component in the panel of individual i at time t. Based 

on these relations, Phillips and Sul (2009) propose an alternative approach to model the 

transition elements, to construct the relative transition coefficient: 

   [3] 

This formulation eliminates the common growth component by scaling, and measures the 

transition element for economy i relative to the cross-section average. The variable  

measures the individual trajectory for each i relative to the average and is called relative 

transition path. This can also be considered economy i’s departure from the common 

steady-state growth path . It is convenient to work with the relative transition 

coefficients  rather than with the coefficients  as the former can be directly 

measured. Assuming that the panel average and its limit both differ from zero as

, the cross-sectional mean of is unity by definition. Moreover, if the factor loading 

coefficients converge to b, the relative transition parameters  converge to unity. Then, 

in the long-run, the cross-sectional variance of  converges to zero. The relative 

transition path can be used to assess divergence and whether this divergence is transient. 
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Next, the authors construct the cross-sectional mean square transition differential 

where: 

   [4] 

measures the distance of the panel from the common limit. 

They represent the model accounting for special behaviour in the idiosyncratic element 

, which they model in semiparametric form allowing for heterogeneity over time and 

across individuals: 

   [5] 

where  is fixed,  is iid(0,1) across  but weakly dependent over t,  denotes the 

speed of convergence and L(t) is a slowly varying function (like log t) for which L(t)  

as  This formulation ensures that  converges to  for all  (the null 

hypothesis of interest). If this null holds and  for , the model allows for 

transitional periods in which , so that transitional heterogeneity or even 

transitional divergence are possible across i. 

 

The null hypothesis of (relative) convergence is formulated as: 

 and     [6] 

and involves the weak inequality , since: 

 iff  and      

 iff  and      

The alternative hypothesis is: 

 for all i with  or  for some i with , or     

 

 

xit

 

i

 

®¥
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According to Phillips and Sul (2009), the role of the slowly varying function L(t) is to 

ensure that convergence holds even when , although at a very slow rate.  

Phillips and Sul (2007) recommend starting the regression at point , where  

is the integer part of rT5. Thus, the empirical log t regressions are based on time series 

where the first r% of the data is discarded. The term  plays the role of a 

penalty function (to provide power to the test under the alternative). 

 

This formulation leads to the “log t” regression model that can be written as: 

 for  [7] 

According to Phillips and Sul (2009), under the null hypothesis of convergence, the 

estimate of g converges in probability to the speed parameter 2a. The t-statistic diverges 

to positive infinity when a>0 and converges weakly to the standard normal distribution 

when a=0. Thus, the null hypothesis of convergence is a one-sided t-test of . Under 

the alternative of club convergence, the point estimate of g converges to zero (no matter 

the value of a), but the t-statistic diverges to negative infinity. Moreover, we are not only 

interested in the sign of the coefficient g=2a but also its magnitude, as this measures the 

speed of convergence of the relative transition parameter ( . Values of g equal to or 

larger than 2, when the common component  follows a random walk with drift or a 

trend stationary process of g, would imply convergence in levels. If , this speed 

of convergence corresponds to conditional convergence (the growth rates converge over 

time). The log t regression tests also have power against club convergence, so that even 

after we reject the null hypothesis of convergence we can still find club convergence.  

                                                        
5 They suggest r=0.3, as this was the value that reported better size and power in their simulations. We chose the 
same value for this paper. 

 

[rT]
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In the empirical application of the log t test to testing for convergence, Phillips and Sul 

(2007) suggest using a four-step club convergence algorithm if the overall test for 

convergence resulted in rejection. The first step consists of ordering the panel members 

according to the last observation. The second step is the core club formation, in which the 

convergence t-statistic tk is used, by means of sequential log(t) regressions based on the k 

highest members (step 1) with  The size of the group is determined based on 

the maximum tk with tk >-1.65. In step 3, the members of the core group (step 2) are 

selected by adding one at a time. A new country is included if the associated t-statistic is 

greater than zero. Finally, the non-selected countries in step 3 form a complement group. 

Then the log t regression is applied to this set of countries. If they converge, they form a 

second convergence club. If not, steps 1 to 3 are repeated, to detect sub-convergence 

clusters. If no core group is found in step 2, these countries display divergent behaviour. 

 

5. Club Convergence Results 

In this section we present the results on convergence in EU countries using the 

methodology described above, applying the Phillips and Sul (2007, 2009) algorithm. The 

data are available at two aggregation levels6 and for completeness, despite the fact that 

the time period is restricted, we first present results for all sectors at the first level. Next, 

we specifically focus our analysis on the four energy subsectors (power generation and 

heating, transportation, manufactures and construction, and other minor combustion 

emissions). The data are gathered from the CAIT Climate Data Explorer of the World 

Resources Institute7.  In Table 1 we present a summary of the evolution of per capita 

emissions in the EU for the sectors and subsectors considered in the empirical section and 

                                                        
6 The levels are: 1) sectoral emissions (agriculture, industry and energy) and 2) emissions for the four 
energy subsectors. 
7 Available at: http://www.wri.org/our-work/project/cait-climate-data-explorer. 
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for the available time-span, starting in 1990 for the aggregate sectors and in 1971 for the 

energy subsectors. Agriculture stands out as the only broad sector where the emissions 

were still increasing between the 1990s and 2000. Concerning the energy subsectors, 

power generation and heating also shows increasing emissions until 1990, whereas in the 

case of transportation, CO2 emissions were still rising in 2012. Even if what matters for 

climate change is the evolution of total emissions, we should also consider in detail the 

heterogeneous behaviour of the individual EU members. This is not only because each 

country is assigned specific objectives in the climate agreements, but also in order to set 

policy measures that provide incentives for abatement adapted to each country’s 

characteristics.  

The stylized facts indicate that the evolution over time of global per capita CO2 emissions 

has been such that if convergence occurs, it would be in the weak sense8. Moreover, the 

general level of emissions has increased over the whole period, but has been decreasing 

(in total terms) since 1990. This means that actions taken to reduce emissions in the EU 

in order to meet the Kyoto Protocol targets have apparently achieved their goal or, at the 

very least, that the trend in emissions has changed. The European Environment Agency 

(EEA, 2015) confirms that in the last two decades, significant advances have been made 

in decoupling carbon emissions from economic growth. More specifically, greenhouse 

gas emissions in the EU-28 declined by 19% in the period 1990–2012, despite a 6% 

increase in population and a 45% expansion in economic output. The report points to both 

macroeconomic trends and policy initiatives to explain the reduction in emissions. Both 

the adoption of cleaner technologies by Eastern European countries during their economic 

transition and, more recently, the financial crisis in Europe, have contributed to a sharp 

decline in emissions. On the other hand, climate and energy policies have boosted energy 

                                                        
8 The graphs of total per capita emissions are included in the supplementary material. 
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efficiency and the use of renewables in European countries, leading to lower CO2 

emissions. 

 

Table 1: Mean per capita CO2 Emissions in the EU between 1971 and 2012. Broad 
Sectors and Energy Subsectors 

 Year 1971 1980 1990 2000 2012 

Broad Sectors      

Agriculture - - 0.8861 1.0598 0.9613 

Industry - - 0.5780 0.5567 0.3648 

Energy - - 9.5662 8.1165 7.4379 

Energy subsectors      

Power Generation and 

Heating 

2.2071 2.7949 3.9308 3.2090 3.0612 

Manufactures and 

Construction 

2.9605 2.6359 2.1484 1.4097 1.0137 

Transportation 0,8894 1.1248 1.6098 1.9497 2.0569 

Other Fuel Emissions 1.7977 1.8442 1.5902 1.2749 1.0419 

Source: CAIT, http://www.wri.org/our-work/project/cait-climate-data-explorer. Figures are in tonnes per 
capita. 
Note: Data is available from 1990 for the broad sectors (Agriculture, Industry and Energy) and from 1971 
for the Energy subsectors. 
 

Next, we present the results of applying the above-mentioned Phillips and Sul’s (2007, 

2009) methodology to data on per capita emissions by broad sectors9. In most cases, 

finding evidence on convergence strongly depends on the assumption that all the 

countries converge to the average; club convergence would be a less restrictive 

hypothesis. Thus, we apply the PS approach to the data on emissions for up to 27 

European countries, testing not only for overall convergence but also for club 

convergence. Although we focus on the energy sector and subsectors, we also present the 

                                                        
9 We have also tested for stochastic convergence, finding no evidence of it. The results are available upon 
request.  
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results for the broad sectors (agriculture and industry) to gain a more complete picture of 

the whole economy. This also provides a further test of the validity of the methodology 

we use, since the mitigation measures have only been adopted for some sectors, while 

others have been (and remain) excluded. In order to avoid the effects of base-year values 

and to smooth cyclical components, we normalize the emissions by the initial level, as 

Phillips and Sul (2009) propose. 

We have tested first for overall convergence in each one of the sectors and subsectors 

considered; if found, this would imply that all the countries in the sample were in a single 

club. Even if we reject this hypothesis in all instances, it is important to highlight that we 

might still find club convergence using this empirical approach. This would imply that 

there are some groups of countries or clubs for which there is evidence of convergence 

within the group. This concept of convergence implies growth convergence (rather than 

level convergence) and a time-varying beta. To appropriately qualify the results, we 

should bear in mind that the clustering algorithm starts the selection with the countries 

that have the highest emissions, at the end of the sample.  Thus, in some cases, there is 

not a clear convergence process among the countries towards a stable or lower emissions 

level. Instead, different groups of countries tend to different levels of emissions, and some 

other countries diverge. 

 

5.1. Convergence in the Agriculture, Industry and Energy Sectors 

Data availability for the broad sectors was limited to the period 1990-2012. Despite the 

fact that the short time period renders the club convergence methodology less robust, we 

have applied it to each sector as a reference, even though our focus is on the 



 16 

disaggregation of energy into subsectors,10 for which data are available over a longer 

period. Nonetheless, the period starting in 1990 remains relevant, as this is the reference 

year for the 2020 EU targets. 

                                                                                                                                                                                                                                                                                                         

The results corresponding to convergence club classification for the three broad sectors, 

namely, agriculture, industry and energy, are summarized in Table 2, while the relative 

transition paths followed by the different countries are shown in Figure 1. 

In the case of agriculture, there are 20 European countries with data available for the 

whole period. Concerning the overall test for convergence, we reject the hypothesis that 

agriculture-related per capita emissions converge, as under the null the log t parameter 

should be equal to or larger than zero, and the test is a one-sided t-test. As mentioned 

above, this finding does not preclude the existence of convergence clubs. In the second 

stage of the analysis, the Phillips and Sul algorithm consists of sequentially estimating 

the log(t) regression and obtaining the tk statistic, starting with the members with the 

highest emissions and determining the size of the group using the maximum tk with tk >-

1.65. Thus, in this case, the value of both the log t parameter and the statistic can be 

negative in some instances. From the application of the algorithm, we find one 

convergence club that includes the majority of the economies in the sample, except for 

six diverging countries. The relative transition parameter of this club tends to value 1, or 

the sample average. However, this does not mean that those forming a club are the best 

performers11. Even for the one convergence club found, the log t parameter has a very 

small but negative value, implying that their convergence path is slightly above the 

                                                        
10 We are aware of the short length of the data span for aggregated sector emissions, so that these results 
should be considered as illustrative. 
11 According to the criteria applied by the club algorithm, the countries are ordered from the highest to the 
lowest values of the variable, emissions in this case. Thus, the most contaminating ones are those considered 
as potential members of the first club.  
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average. The t-test value (-0.645) is larger than -1.65, so we cannot reject the hypothesis 

that this group of countries forms a club. From the transition paths shown in the upper 

graph of Figure 1, where we also present the countries excluded from the club, we can 

draw similar conclusions. There we see two types of diverging countries: those that show 

a transition parameter above 1 and those below 112. Croatia (dotted yellow line) is clearly 

diverging and increasing emissions, with a transition parameter around 1.4. In contrast, 

Malta is reducing its emissions and tending towards the average. Bulgaria (grey line) has 

a transition parameter below 1 and is among the diverging countries but its emissions, 

though increasing, are still far from the average. 

The results for the 22 countries with information available for the industrial sector are 

presented in the second column of Table 2 and in Figure 1 (middle graph). Similar to the 

agricultural sector, the hypothesis of overall convergence is also clearly rejected for 

industry. Next, from the application of the club algorithm we find two countries (the 

Netherlands and the UK) that diverge, whereas the rest form four convergence clubs. The 

two diverging countries are represented at the bottom of the graph (the dash-brown and 

dash-dotted grey lines, respectively), where it can be seen that they have systematically 

reduced their emissions. In contrast, the first convergence club consists of Bulgaria, 

Lithuania and Poland. They all start off with a high initial level of emissions and follow 

an upward slope. Looking at the value of the log t parameter (-1.53), we confirm that 

these countries do not effectively converge, even though they form a club. The case is 

different for Clubs 2 and 3 (represented by thick continuous lines). Surprisingly, Club 2 

(Belgium, Denmark, Italy, Portugal and Sweden) shows emissions with a transition 

parameter above 1 and a positive slope, meaning that they are simultaneously increasing 

                                                        
12 Note that conditional or relative convergence implies tending towards the sample average and a transition 
parameter equal to 1. 
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their emissions and diverging from the average13. Club 3 is the largest one and includes 

those countries whose emissions truly converge towards the average. In these two cases, 

the log t parameters are positive but small (0.537 and 0.015 in Clubs 2 and 3, 

respectively), indicating relative or conditional convergence (as described in the previous 

section). Finally, Club 4 consists only of Croatia and France, both below 1 but with a 

negative log t parameter14. We have further tested (see Table 4) whether some of these 

clubs can be merged, as proposed by Phillips and Sul (2009). This primarily applies to 

Clubs 2 and 3, as these are the two groups of countries that can be considered convergence 

clubs. The results indicate rejection of the null hypothesis of merging Clubs 2 and 3; we 

can see that the two clubs move apart from each other. Moreover, we find that Clubs 2, 3 

and 4 cannot be merged.  

 In the case of the energy sector, we have data available for 27 countries. As in the other 

two broad sectors, the null hypothesis of overall convergence is clearly rejected. 

Concerning club convergence, four clubs are identified, as well as five non-converging 

countries. From the transition paths15 and the convergence results presented in the right-

hand column of Table 2, we observe that the first club corresponds to countries with high 

emissions, including Cyprus, Portugal and Spain. Greece and Slovenia form Club 2, while 

Club 3 consists of countries with moderate emissions but with a transition parameter still 

above 1. Only in the latter case is there evidence of conditional convergence towards the 

average, as the value of the log t parameter is 0.349. The largest club contains 12 countries 

that have stabilized their per capita emissions and converged, such as Belgium, Denmark, 

                                                        
13 Although this result was unexpected, during the sample period (1990-2012 for the broad sectors), per 
capita emissions actually grew in the industrial sector in Denmark and Sweden, especially from mid-
nineties to 2006.  
14 Note that in the end we decided to exclude these two countries as a club, as the parameter is negative. In 
the graph they are depicted separately. They tend towards similar levels but follow different trajectories: 
whereas France is systematically reducing its emissions, Croatia initially improves and later worsens. 
15 In contrast to the previous graph, we have excluded the two non-converging clubs (Clubs 1 and 2) from 
the graph to simplify the analysis. 
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France, Germany, Sweden and the UK, but also includes countries in transition such as 

Bulgaria, Croatia, the Czech Republic, Estonia, Hungary and Poland. While this case is 

borderline, given that g and a are very close to zero, we consider that relative convergence 

is also found in this instance. The transition parameters of the diverging countries are 

below 1, that is, they are good performers: Austria, the Slovak Republic, Lithuania, Latvia 

and Romania. Note, however, that diverging in this case means that they are reducing 

their emissions and as such they do not converge to the average because they are actually 

improving their performance16. Finally, concerning the tests of club merging (Table 3), 

in this case we again reject the null hypothesis of club merging. Indeed, the only two 

clubs that really converge (Clubs 3 and 4) maintain but do not reduce their distance. 

 
 
As a general conclusion of the analysis for broad sectors, the evidence in favour of club 

convergence is weak, as we only find conditional convergence for some convergence 

clubs. Bearing in mind the limitations of the short sample period, the performance of the 

EU countries at this level shows evidence of a high degree of heterogeneity, presumably 

as a consequence of technological differences. 

 
 
 
 
 
 
 
 
 
 
 
 
 

                                                        
16 In this sector, changes in the energy mix during the sample period may help explain the composition of 
the clubs. 
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Table 2: Convergence Club Classification 
Broad Sector Emissions (1990-2012) 

 
Agriculture[20] Industry[22] Energy[27] 

Overall test Overall test Overall test 
log t 

-0.621 
t-stat 
-6.119 

log t 
-1.631 

t-stat 
-26.463 

log t 
-1.069 

t-stat 
-12.569 

Club 1 Club 1 Club 1 
[Cyp, Dk, FI, Fr, Ger, Gr, 
Hu, Ire, It, Neth, Pol, Por, 

Rom, Sp, Sw] 

[Bul, Lith, Pol] [Cyp, Por, Sp] 

log t t-stat log t t-stat log t t-stat 
-0.099 -0.645 -1.534 -1.31 -0.440 -1.371 

Non-converging Club 2 Club 2 
[Aus, Bul, Cro, Mal, UK] [Bel, Dk, It, Por, Sw] [Greece, Slovenia] 

log t t-stat log t t-stat log t t-stat 
-0.893 -9.059 0.537 1.471 -0.751 -1.296 

 Club 3 Club 3 
 [Aus, Cz, Fin, Ger, Gr, 

Hun, Ire, Rom, Slok, Sp] 
[Fin, Ire, It, Mal, Neth] 

  log t t-stat log t t-stat 
  0.015 0.071 0.349 1.078 

 Club 4 Club 4 
 [Cr, Fr] [Bel, Bul, Cro, Cz, Dk, 

Est, Fr, Ger, Hun, Pol, 
Sw, UK] 

  log t t-stat log t t-stat 
  -0.122 -0.382 -0.006 -0.045 
 Non-converging Non-converging 

 [Neth, UK] [Aus, Slovak, Lith, Lat, 
Rom] 

Note: Shaded cells show the groups of countries that fulfil all the requirements to be considered 
convergence clubs. 

  



 21 

Figure 1: Transition Paths by Sectors 
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Table 3: Convergence Club Merging  
 

Industry Energy 

Initial classification 
g (t of g) 

Tests of club merging 
g (t of g) 

Initial classification 
g (t of g) 

Tests of club merging 
g (t of g) 

Club 1 [3] Club 2+3  Club 1 [3] Club 2+3  
 -0.884   -1.772  

Club 2 [5] (-8.25)** Club 
2+3+4 

Club 2 [2] (-17.06)** Club 
2+3+4 

  -1.148   -1.027 
Club3[10]  (-9.95)** Club3[5]  (-13.39)** 

      
Club 4 [2]   Club 4[12]   

      

Note: These club-merging tests refer to the clubs described in Table 2. 
 

5.2. Convergence in the Energy Subsectors 

We now turn to the disaggregated energy sector analysis, for which we have available 

data on the emissions in each of the subsectors since 1971, giving us 42 years of data. 

The results from the convergence analysis of subsectors using the PS methodology are 

presented in Tables 4 and 5 and Figures 2 to 5. Before moving on to the discussion of the 
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results regarding convergence clubs, note that the first row of Table 4 contains the overall 

convergence tests for the four subsectors. In all instances, the null hypothesis of 

convergence for the whole group of countries is rejected, meaning that a club convergence 

analysis is required. 

The first column of Table 4 contains the club convergence results for power generation 

and heating. With data available for 24 countries for the whole period (1971-2012), we 

find two small convergence clubs and 16 non-converging countries. Club 1 consists of 

Cyprus, Finland, Greece and Malta, while the countries classified in Club 2 are Austria, 

Italy, Slovenia and Spain. Both clubs have transition paths above 1 (see Figure 2). The 

countries in the first club are converging to a higher value of emissions, while the 

members of the second club show a decreasing slope and are therefore converging 

towards the average. Concerning the log t parameter, in the first club the value is -0.09, 

negative but very close to zero, whereas in Club 2 the parameter is positive. The evidence 

of conditional or relative convergence would be restricted to this second group. As for 

the countries that do not converge, the relative transition paths become flat in the mid-

nineties and run in parallel, although at very low emission levels. Note that the countries 

with the lowest transition parameters are France and the UK. In this sector, the difference 

is due to the relatively greater use of nuclear power or other low-emission technologies 

compared to fossil fuels. In conclusion, a large group of countries is converging towards 

a lower level, albeit with different slopes, which may explain the lack of additional clubs.  

The manufacturing and construction subsector results are presented in the second column 

of Table 4 and in Figure 3. For the 23 countries in our sample, we have found three 

convergence clubs and 9 non-converging economies. Club 1 includes the Netherlands and 

Portugal, which approach the value of 2 at the end of the sample, although the trajectories 

of their relative transition paths are different (the Netherlands moving upward and 
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Portugal downward). The log t parameter is clearly negative, so we rule out convergence 

towards the average. The countries that approach 1 (the average) are classified in Clubs 

2 and 3, depending on whether they come from higher or lower initial emissions levels. 

Thus, we find only evidence of relative convergence in these two cases, as the log t values 

are 0.633 and 0.824 respectively. Similarly, as in the power generation results above, the 

non-converging countries lie below the average and around 0.5, as their relative transition 

paths become flat and parallel around this value. This non-converging group includes 

Germany, France, Sweden or the Netherlands. As in the case of power generation, 

technological differences or the type of manufacturing industry (with lower emissions in 

the non-converging countries) may explain the results. We have also tested whether Clubs 

2 and 3 could be merged and conclude in favour of the null hypothesis (see Table 6), thus, 

the final classification is a single club of 12 countries. This is consistent with the log t 

parameter values discussed above.  

Convergence clubs for the transportation sector are displayed in the third column of 

Table 4 and Figure 4. Only two groups are found using the Phillips and Sul methodology. 

No convergence is found for eight countries, the majority of them high-income 

economies: Denmark, Finland, France, Germany, Malta, the Netherlands, Sweden and 

the UK. The explanation for this diverging result could be related to the trajectory 

displayed over the sample period, that is, an initial reduction in emissions (downward 

relative transition path) towards lower values far from the average. In contrast, the first 

(more heterogeneous) convergence club consists of countries that started with high 

emissions, have subsequently reduced them and tend towards the average. The opposite 

happens with the countries in the second club: after an initial reduction in emissions 

starting from low levels, they converge towards the average. The log t parameter values 

are relatively large and positive (1.302 for Club 1 and 0.676 for Club 2), indicating 
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relative convergence. Figure 4 presents the transition paths for this subsector. As in other 

cases, the gap separating the two clubs has increased during the sample period. Whereas 

the first club drifts and tends towards higher emissions, the second club is approaching 

the average (level 1), although coming from lower emissions.   

These results are in line with the recent evolution of the transport sector in the EU, where 

the policy of voluntary agreements to curb the emissions from cars to 120g CO2/km has 

been a failure. Prior to 2009, when the limits on emissions were established, car 

companies did not take effective action to achieve reductions. In addition, efforts to 

ensure CO2 reductions have not been helped by the omission of the transport sector from 

the European emission permits market, and at present emissions are far from meeting the 

2020 objectives.  

Finally, in other minor fuel combustion, with 24 countries in the sample, we find five 

convergence clubs17 and six diverging countries: Bulgaria, the Czech Republic, Denmark, 

Finland, Malta and Sweden. The first club does not really display convergence, as the log 

t parameter is negative, but the rest of the clubs (from Club 2 to Club 5) all have positive 

parameters. Moreover, this is the only case in which we find convergence in levels, as 

g=2.028 in Club 4. Looking at the relative transition paths in Figure 5, the divergence is 

due to the good performance of the latter group of countries, since they separate from the 

average and tend towards zero. Concerning the results of the club-merging tests, we could 

not reject the null hypothesis in the case of Clubs 4 and 5 (see Table 5). Moreover, looking 

at the transition paths, Clubs 2 and 3 (after diverging) have been moving closer to one 

another recently and also closer to the average, whereas Clubs 4 and 5 are the best 

performers.  

                                                        
17 The first convergence club includes two countries (Cyprus and Croatia) that tend to separate from the 
average. Cyprus may be acting as an outlier. The negative sign of gamma also points to separation from the 
average.  
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Table 4: Convergence Club Classification 
Energy Subsectors (1971-2012) 

 
Power generation-

Heating [24]* 
Manufacures-

Construction[23] 
Transportation [24] Other fuel combustion 

[24] 
Overall test Overall test Overall test Overall test 

log t t-stat log t t-stat log t t-stat log t  t-stat 

-1.445 -75.868 -1.446 -25.724 -0.957 -13.457 -2.941 -140.430 
Club 1 Club 1 Club 1 Club 1 

[Cyp, Fin, Gr, Mal] [Neth, Por] [Aus, Bul, Cz, Gr, Ire, 
Por, Rom, Slov, Sp] 

[Cro, Cyp] 

log t t-stat log t log t log t t-stat log t t-stat 
-0.090 -0.106 -0.744 -1.355 1.302 7.255 -0.006 -0.005 

Club 2 Club 2 Club 2 Club 2 
[Aus, It, Slov, Sp] [Aus, Bel, Cyp, Gr, 

Slov, Spa] 
[Bel, Cro, Cyp, Hun, It, 

Pol, Slovak] 
[Gr, Por, Slov, Sp] 

log t t-stat log t log t log t t-stat log t t-stat 
0.142 2.809 0.633 3.202 0.676 3508 0.523 1.88 
Non-converging Club 3 Non-converging Club 3 

[Bel, Bul, Croa, Cz, Dk, 
Fr, Ger, Hun, Ire, Neth, 
Pol, Por, Rom, Slovak, 

Sw, UK] 

[Bul, Cro, Fin, Ire, It, 
Pol] 

[Dk, Fin, Fr, Ger, Mal, 
Neth, Sw, UK] 

[Hun, Ire, It] 

  log t t-stat   log t t-stat 
  0.824 2.705   0.520 2.573 

 No-converging  Club 4 
 [Cz, Dk, Fr, Ger, Hun, 

Rom, Slovak, Sw, UK] 
 [Aus, Bel, Fr, Ger, Neth, 

Pol, Slovak, UK] 
      log t t-stat 

      2.028 17.297 
   Club 5 
   [Fin, Mal, Ro] 

      log t t-stat 
      0.275 1.838 
   Non-converging 

   [Bul, Czec, Dk, Sw ] 

Note: *Number of countries in each column.  Shaded cells show the groups of countries that fulfil all the 
requirements to be considered convergence clubs. 
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Table 5: Convergence Club Merging in Subsectors 
 

Manufacturing-Construction 
 

Initial 
classification 
g (t of g) 

Tests of club merging 
g (t of g) 

Final classification 
g (t of g) 

Club 1 [2] Club 2+3 
-0.212 

(-1.204) 

Club 1[2] 

Club 2 [6] 

Club 3 [6] Club 2 [12] 

Other Fuel Combustion 
 

Initial classification 
g (t of g) 

Tests of club merging 
g (t of g) 

Final classification 
g (t of g) 

Club 1 [2]     Club 1 [2] 
   Club 

2+3+4+5 
 

Club 2 [4] Club 2+3   -2.573 Club 2 [4] 
-2.595   (-61.12)**  

Club 3 [3] (-33.08)** Club 
2+3+4 

  
Club 3+4+5 

Club 3[3] 

 -2.490  -1.078  
Club 4 [8]  (-55.18)** Club 4+5 (-27.789)** Club 4 [11] 

  -0.044   
Club 5 [3]   (-0.531)   

       

Note: These club-merging tests refer to the clubs described in Table 4. 
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Figure 2: Transition Paths in the Power Generation and Heating Subsector 

 

Figure 3: Transition Paths in the Manufacturing and Construction Subsector 
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Figure 4: Transition Paths in the Transportation Subsector 

 

Figure 5: Transition Paths in Other Fuel Combustion Subsector 
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6. Policy implications 

Some policy insights can be drawn from this study. A simple descriptive analysis of 

emissions shows that, during the period analysed, per capita emissions have increased in 

agriculture, while decreasing in industry and energy production since 1990. Different 

patterns arise as well in the energy subsectors, with notable reductions in emissions 

reported in manufacturing and power generation but an overall increase observed in the 

transportation sector.  

Due to the high degree of heterogeneity found in emissions per capita by country, and the 

limited evidence of convergence, two main implications arise from the results obtained 

in this paper. First, the bubble system seems to be an appropriate tool to move towards 

the 2020 targets for energy efficiency and emissions reduction, that is, different measures 

and targets should be set for different countries. Second, the results point towards the 

effectiveness of the IPPC regulation18 and the European carbon market19 in curbing GHG 

emissions in the industrial and manufacturing sectors, as we observe a general decline in 

emissions in the industrialized countries.  

The EU is currently taking action in several areas to meet the 2020 targets (a 20% cut in 

GHG emissions from 1990 levels, 20% of EU energy from renewables, a 20% 

improvement in energy efficiency). Concerning emissions, specific domestic targets have 

been set for every member state according to their national wealth, ranging from a 20% 

cut for the richest countries to a maximum 20% increase for the least wealthy. With 

respect to renewable energy, EU member countries have also taken on binding national 

targets for raising the share of renewables in their energy consumption by 2020. These 

                                                        
18 The IPPC (Integrated Pollution Prevention and Control) Directive was first adopted in 1996 (Directive 96/61/EC) 
and set common rules for granting permits to and monitoring industrial installations in the EU. The most recent directive 
on industrial emissions (Directive 2010/75/EU) recasts the IPPC Directive and other existing directives related to this 
topic into a single legislative instrument.  
19 Directive 2003/87/EC established a scheme for GHG emission allowance trading within the European Community. 
Directive 2004/101/EC, following the Kyoto Protocol, included the project-based mechanisms in the ETS. In 2009, a 
new directive extended the ETS to the aviation sector (Directive 2009/29/EC). 
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targets also vary, to reflect countries’ different starting points for renewables production 

and their ability to further increase it, ranging from 10/13% in Malta to 49% in Sweden. 

However, according to the analysis of the NECPs drafts made by the European 

Commission (Memo (18/06/2019), the national plans fall short in terms of renewable and 

energy efficiency contributions. The gaps to be addressed could be as big as 1.6 and 6 

percentage points for energy efficiency and final energy consumption, respectively. EU 

countries have a few months until December 2019 to address the Commission 

recommendations. 

The sectoral analysis also yields some important insights. By subsectors, a substantial 

reduction is observed in manufacturing and power generation (53% and 22%, 

respectively) but an increase of around 30% is found in the transportation subsector. 

When we focus on the disaggregated energy sector, there is some evidence in favour of 

convergence in power generation and manufacturing, whereas there is little convergence 

in the subsectors transportation and other fuel combustion. These results reinforce the 

appropriateness of setting emission-reduction targets for other economic sectors not 

initially included in the EU emissions trading system (ETS). The ETS is a key tool for 

cutting GHG from large-scale facilities in the power and industry sectors, as well as the 

aviation sector, but it only covers 45% of the EU’s total emissions. Therefore, a target 

has been established for the sectors not included in the ETS, such as housing, agriculture, 

waste and transport (excluding aviation). The emissions from these sectors have to be 

21% lower in 2020 than in 2005. National emission-reduction targets are binding until 

2020 under the “Effort-sharing decision”. We believe that these actions are a step in the 

right direction, especially considering the 2050 roadmap, which envisages an 80% 

reduction of emissions compared to 1990 levels. The roadmap also shows how the major 

sectors responsible for emissions can transition to a low-carbon economy in a cost-
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effective way. These sectors are energy generation, industry, transport, building and 

construction, as well as agriculture. All of them have been considered in our research. 

 

7. Conclusions 

The EU has set an overall target for reducing CO2 emissions by 2020, by means of the 

bubble system, which establishes specific goals and emission allowances for each 

member state. This system relies on the idea that countries should converge to the same 

level of emissions per capita. In order to test whether EU environmental policies have 

been effective in this regard, the main question we have addressed in this study is whether 

CO2 emissions per capita in the EU have indeed converged. The concept of club 

convergence is used to analyse CO2 emissions in EU countries from 1971 to 2012. We 

consider this approach to be the most suitable for this analysis since it takes into account 

not only a static picture of countries’ emissions but also the transition path followed by 

each country in the convergence process. The sample covers three main economic sectors: 

agriculture, energy and industry. In addition, we analyse disaggregated data, breaking up 

the energy sector into four subsectors for a more in-depth study. The subsectors are power 

generation and heating, manufacturing and construction, transportation and other fuel 

combustion. 

It is worth noting that the convergence process taking place up to the nineties points to 

steady states with a per capita emissions average higher than the one registered later, 

when the EU implemented measures aimed at meeting commitments related to the Kyoto 

Protocol. Therefore, the bubble system seems to be an effective tool to move towards the 

2020 emissions reduction targets. Emission ceilings and the European CO2 market have 

achieved their objectives, with a decrease of 52.8% in 2012 compared to 1990 levels. 

This course of action involves a process of convergence, either absolute or relative, if 
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different countries tend towards different steady states. We observe significant 

differences among countries. While countries that have registered higher levels of 

emissions have a rate of convergence of around 2% as part of the catching-up process, 

the countries that have curbed their emissions converge at a slower rate. Countries that 

are undergoing a transition to a market economy do not show any convergence in recent 

years. 

Therefore, the results for club convergence support weak convergence for the whole 

sample of countries, as the null hypothesis of overall convergence is rejected for sectoral 

and subsectoral CO2 emissions. However, there is evidence of club convergence, as some 

groups of countries or clubs converge towards the group average. As far as economic 

sectors are concerned, we observe an increase in emissions in the agricultural sector and 

a decline in the energy and industrial sectors, possibly as a result of the control measures 

implemented. This could indicate that emissions regulations and the ETS for carbon 

allowances have been effective in curbing emissions in the above-mentioned sectors. The 

same cannot be said, however, about the transport sector, whose inclusion in the ETS was 

late and partial (only the aviation sector is part of this system). In addition, the policy of 

voluntary agreements to cut car emissions to 120g CO2/km has been a failure; prior to 

2009, when limits on emissions were established, companies took no effective actions to 

achieve reductions. 

Since the energy sector is the cornerstone to achieve CO2 reductions, we have focused on 

its subsectors. The pattern that emerges from the analysis is that core European countries 

(such as France, the Netherlands, Germany and the UK) and Nordic countries (Finland, 

Sweden and Denmark) are either included in the best performing clubs or diverging from 

the average towards lower emissions, no matter the sector or subsector. Peripheral EU 

members (Ireland, Italy, Portugal, Greece and Spain) are among intermediate clubs, 
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converging towards the average and, in some cases above the average, but the general 

trend is a reduction in emissions. Some CEECs such as Slovenia, the Slovak Republic 

and the Czech Republic, are also reducing their emissions and converging in many cases, 

whereas the rest of the CEECs are among those with very high—and still rising—

emissions.   

Summarizing, the main results of this study highlight the existence of important 

differences among EU member states in terms of the evolution of per capita CO2 

emissions across sectors and over time. Nevertheless, most EU countries have gradually 

reduced, if not their level, at least their emissions growth, especially in the energy 

subsectors. Finding relative convergence among a large number of EU members would, 

therefore, support the relevance of both the EU abatement policy and international 

agreements in this process, as there is less evidence of convergence and emissions 

abatement in those sectors excluded from the international agreements. This could have 

important policy implications in relation to the measures applied to curb emissions in 

high-emitting sectors, namely transportation and the other energy sectors, and can also 

provide insights into how effective these measures are. First, transportation and energy 

are the main sectors that should implement effective measures to reduce CO2 as part of 

the process of ‘greening’ key areas of EU policy, as Baldock (2016) states. Second, 

according to Haigh (2016), environmental policy reaches the central stage only when 

individual measures are applied by member states, although he argues that the EU has 

enabled member states to progress in a way they would never have done individually. 

Even though the EU has significantly reduced CO2 emissions in the last two decades, the 

average level of CO2 emissions remains far from the 40% (80%) reduction set for 2030 

(2050). As stated in the TERM reports (Transport and Environment Reporting 

Mechanism), published by the European Environment Agency, the EU will need to 



 35 

accelerate the implementation of new policies, while restructuring the energy mix in order 

to meet the increasing demand for energy, food, transport and housing.  

The 2015 TERM report estimated that transport generated about 25% of European GHG 

emissions in 2009. With a long-term vision, the EU set a 60% reduction target (compared 

to 1990 levels) for 2050 in the transport sector. Considering that there has been a 27% 

increase in emissions from 1990 to 2009, it would now appear to be very difficult to 

achieve this goal. The last TERM report confirms this point since it states that GHG 

emissions from transport were 28 % above 1990 levels in 2017 (EEA, 2018). Therefore, 

reducing fossil fuel dependence would clearly have positive effects for European 

countries. Reduced fuel dependence would contribute not only to improving energy 

security throughout Europe but it would also help to curb GHG emissions, both of which 

are desirable goals for the whole EU. 

Our findings support the appropriateness of the actions taken by the European 

Commission related to energy and CO2 emissions. Under the Paris Agreement, the EU 

has to translate the 2030 targets into concrete measures to be applied in all countries and 

economic sectors. The proposed binding annual GHG reduction targets vary from 0 to 

40% across different member states, depending on their GDP per capita. There are also 

different national targets regarding the share of renewables in 2020, depending on the 

countries’ characteristics. 

With respect to the sectors under study, our results reinforce the need to focus on other 

economic sectors that are not currently included in the ETS, such as housing, agriculture, 

waste and, particularly, transport (excluding aviation). All of them are considered in the 

2050 roadmap set by the European Commission in 2011. In November 2016, the 

European Commission presented a draft law on energy strategy as part of a broader clean 

energy package, in line with the European Energy Programme for Recovery established 
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in 2009 to address both the economic crisis in Europe and European energy policy 

objectives. More recently (5th March 2018), the International Renewable Energy Agency 

(IRENA) presented the report “Perspectives on Renewable Energy in the European 

Union”, as requested by the European Commission. The report envisaged a 30% share, 

upgraded to 32% by the Commission, of renewable energies in the 2030 energy mix by 

promoting solar and wind energy and the use of electric cars. This goal will clearly have 

positive effects on the economy and the achievement of the emission reduction objectives. 

We hope that all the environmental policy measures mentioned in our study will continue 

to be effective, and thus simultaneously contribute to ensuring economic recovery, 

improving energy security and reducing harmful emissions. 
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