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Abstract: The improvement of the functioning of the energy sector through increasing energy efficiency  
or decreasing energy intensity is a crucial challenge for all economies and their sectors. This results from the fact 
that the positive changes in this sector can contribute to higher economic development and improvement of 
economic welfare. The aim of the paper was to identify the tendencies in energy intensity in European Union 
countries, and their causes and effects since 2000. The hypothesis that with economic growth (measured by GDP 
per capita) the energy intensity of an economy decreases and energy consumption per capita falls too, was tested. 
Descriptive statistics methods, Pearson correlation coefficient and analysis of intensity (intensity indicators) were 
used in the paper. The changes in variables are presented mainly using dynamics and geometric mean indexes. 
The source of data is the European Commission, Eurostat and the World Bank. The hypothesis was proved  
in 20 countries and for the European Union as a whole. For 7 countries it was not proved (Austria, Bulgaria, 
Croatia, Estonia, Latvia, Lithuania, Poland). Although some medium-developed countries increased the use  
of energy per capita during the period from 2000-2015 (Bulgaria, Estonia, Lithuania, Poland), these countries 
improved their energy efficiency much more (they reduced energy intensity). Finally, the effects are positive  
in these countries. There is the lowest energy intensity in highly-developed countries: Ireland, Denmark, United 
Kingdom, France, but there were the highest nominal and real decreases of energy intensity in countries with 
various GDPs (different GDP per capita levels): Ireland, Slovak Republic, Romania, Czech Republic, Bulgaria, 
Sweden, Poland. Among the most important determinants affecting the lower energy intensity belong restructuring 
of the economy and structural changes, technological changes, putting more capital into research and development 
and improvement of energy management systems. 
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Introduction 

Currently economies strongly depend on energy resources (mainly crude oil, natural  

gas and coal) and their prices, which are determined on global markets by numerous and various 

factors, including economic, political and technological ones. In turn, changes in the prices  

of energy raw materials and energy are crucial for an economy, as their prices indirectly affect 

production costs, the prices of goods and services, and the competitiveness of the economy, and 

they also influence economic cycles, by determining their phases. This dependency becomes 

all the more significant and serious the more energy-intensive is the economy. As Hryszko and 
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Szajner point out [2013] (for Msangi, Tokgoz and Zhang 2012), the impact of energy price 

changes on the economic situation can be illustrated using a closed cycle (Figure 1). An increase 

in the prices of energy commodities and energy is accompanied by an increase in the prices  

of energy-intensive goods (due to higher production costs), which in turn leads to a decrease  

in demand for goods and services. Next, the demand for energy decreases and prices of energy 

commodities and energy decrease, too, assuming that significant changes do not occur on the 

supply side of energy raw materials and the energy market (e.g. supply shock). Prices of energy-

intensive goods fall, due to the decrease in raw materials and energy prices (because production 

costs have fallen), which in turn contributes to increased consumer demand, and thus – 

economic growth [Filipović, Verbić and Radovanović 2018]. Therefore, as can be seen in the 

first figure described above, and as Maciejewski stresses [2017, p. 121], the low energy 

intensity1 of an economy is a stimulus for its development, and therefore a reduction in energy 

intensity contributes to improving the efficiency of the economy [Rajbhandari and Zhang 

2018]. 

Fig. 1. Influence of changes in prices of energy resources and energy in the business cycle 

 
Source: Hryszko and Szajner (red.) 2013, p. 77 for: Msangi, Tokgoz and Zhang 2012. 

                                                 
1 Energy intensity is measured as the amount of energy required per unit of output or activity. Similarly, energy 
efficiency is measured as the output per unit of energy used [U.S. Department of Energy’s Office of Energy 
Efficiency and Renewable Energy]. 
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Energy intensity can be reduced, among others, by [Aydin and Esen 2018; Huang,  

Du and Tao 2017; Karimu et al. 2017; Tan and Lin 2018; Verbić, Filipović and Radovanović 

2017; Wurlod and Noailly 2018]: 

 higher efficiency of production factors; 

 structural changes in the sectors of the economy, transforming energy-intensive 

industries; 

 technological changes, technical efficiency, innovation in green technologies; 

 energy-saving technology; 

 capital-energy substitution; 

 changes in the structure of commodities use (switch from fossil fuels to renewable 

energy sources); 

 effective economic policy, including energy policy (energy prices, energy taxes). 

Energy sector has strategic importance (as well as agriculture), because it is  

a commodity sector, thus changes in it have an influence on further sectors and industries  

of the economy. In that way, improvements in the functioning of this sector through increasing 

energy efficiency or decreasing energy intensity becomes a crucial challenge for an economy 

and its competitiveness [Choi, Park and Yu 2017]. Moreover, efficiency (the criterion  

of efficiency), which is the opposite of intensity, is of key importance to modern economics.  

It concerns the management of scarce resources (production factors including energy resources) 

and optimising their use for the production of goods and services [Staniszewski 2018]. 

According to Okun’s law, every 1% over the natural rate of unemployment causes more 

than a 1% (about 2-3%) decrease in GDP [Okun 1962]. When we take into account the quite 

low unemployment rates in many European Union countries (Czech Republic 2.4%, Germany 

3.5%, Hungary 3.7%, Netherlands 4.1%, UK 4.2%, Poland 4.4%, Romania 4.6% 

[Unemployment statistics]), it turns out that this is close to the natural rate of unemployment. 

In that situation there is no great potential for economic development (for GDP growth) through 

an increase of employment rates. There is little potential in the reduction of labour costs,  

in order to be more competitive in the global context, in many developing countries of the EU, 

as well. In this case, because of the high use of production factors, including land, labour and 

capital, improvement of the factors of productivity (including energy resources), organisational 

and technological changes and innovation seem to have the highest potential for an economy 

and its development. Mahmood and Ahmad [2018] stress that if Europe is able to exploit the 

maximum potential of energy efficiency, it will be able to gain significantly economically and 

environmentally over the next few decades. This can even be done on the basis of currently 
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available technologies. Thus, the report underlines the importance of improving energy 

efficiency (by reducing energy intensity). It could have many benefits for the economy, society 

and environment [Aydin and Esen 2018]. 

According to Farajzadeh and Nematollahi [2018] determinants for the changing  

of energy intensity in developing countries are imported technologies and new devices for local 

firms. That situation played an important role especially in the early 2000’s, as European 

countries opened up to other nations. Developed countries could export their energy-efficient 

devices to Central and Eastern European Countries like Poland, Latvia or Belarus. Another 

factor can be price changes. However they create a different result. According to the above-

mentioned authors [Farajzadeh and Nematollahi 2018] and their literature review, there  

are some interesting conclusions. High energy prices are expected to lower energy intensity. 

Many studies focused on that issue. Barkhordari and Fattahi [2017] proved that increases  

in natural gas and electricity prices have both positive and negative impacts on energy intensity. 

A policy of increasing energy prices will result in increased consumption of gas which in the 

long term causes a decrease in energy intensity. People will change their main energy source 

for a more efficient one. Gas has proved to be more caloric, and much better in terms of calories-

to-price ratio than coal. However, there are some contradictory opinions and research about it. 

Fisher-Vanden et al. [2004] created firm-level data in China. Their results are: an increase  

in the relative price of various energy prices causes an increase of energy intensity. On the other 

hand, Song and Zheng [2012] completed provincial-level data. They showed that there is only 

a weak positive effect between energy prices and energy intensity. Their conclusions were 

supported by Yang et al. [2016] who also revealed the same evidence. Farajzadeh and 

Nematollahi [2018] after research in Iran, concluded that one of main indicators lowering 

energy intensity is urbanisation and high capital-labour ratio. When capital accumulation occurs 

and the output mix is unchanged, we can expect higher incomes, which lead to higher energy 

intensity by lowering energy efficiency. As a country develops, more urbanised territories 

should be created. In urban area energy intensity decreases, because transfer can be more 

efficient. According to Farajzadeh, Zhu and Bakhshoodeh [2017], there is high potential  

at household level. Developing technologies become more efficient and do not need as much 

energy as old ones. Introducing them can result in a positive effect in terms of lowering energy 

intensity. According to Dong et al. [2018] we can look for a resolution to energy intensity 

problems in research and development investment when it comes to China. This conclusion has 

been repeated many times in other economic publications. Furthermore, the authors proved that 

urbanisation has a beneficial influence on energy intensity (decrease). That conclusion varies 



Proceedings of the 2018 VII International Scientific Conference Determinants of Regional Development, No 1, 
Pila 12-13 April 2018 

303 

when we compare household, urban or national level. The researchers mentioned point out that 

the most important factor determining energy intensity and conservation of energy is economic 

structure (especially the structure of industry). A highly developed heavy industry sector will 

cause higher energy consumption. According to the paper by Liu et al. [2018] reducing the 

proportion of state-owned firms and increasing the amount of non-public enterprises in the 

heaviest industrial sectors can lower energy intensity. This will promote energy savings, 

ecological businesses and lower emissions. In addition, an increase in industrial concentration 

and integration of energy resources can reduce the energy intensity of heavy industry. 

The importance of the energy intensity reduction is one of the main purposes of energy 

policy in the EU. The 2020 package is a set of binding legislation to ensure the EU meets its 

climate and energy targets for the year 2020. The package sets three key targets (the 3x20% 

package2): (1) a 20% cut in greenhouse gas emissions (from 1990 levels); (2) 20% of EU energy 

from renewables and a 10% share of renewables in the transport sector; (3) 20% improvement 

in energy efficiency. The most important benefits of achieving the goals of the 2020 package 

should be an increase in the EU’s energy security – reducing dependence on imported energy 

and contributing to achieving a European Energy Union and create jobs, advance green growth 

and make Europe more competitive [2020 climate & energy package]. In turn, the 2030 climate 

and energy framework sets three key targets for the year 2030: (1) at least 40% cuts  

in greenhouse gas emissions (from 1990 levels); (2) at least a 27% share for renewable energy; 

(3) at least 27% improvement in energy efficiency [2030 climate & energy framework].  

The long-term plans (for 2050) are as follows – the low-carbon economy roadmap suggests that 

by 2050 the EU should cut greenhouse gas emissions to 80% below 1990 levels [2050 low-

carbon economy]. These assumptions are reflected in documents at national level – in EU 

countries, for example in Poland, where the climate and energy goal are formulated in the Polish 

Energy Policy until 2030 and Polish Energy Policy till 2050 or in the Czech Republic – National 

Climate Change Plan / Climate Protection Policy [International Energy Agency3]. 

Material and methods 

The aim of the paper was to identify the tendencies in energy intensity in European 

Union countries, and their causes and effects. The focus is on the energy intensity viewed  

as the ratio between energy use and gross value added. It is hypothesised that with the economic 

growth of a country, the energy intensity of its economy decreases and energy consumption per 

                                                 
2 The national targets under the 2020 climate & energy package: see Eurostat, Europe 2020 indicators. 
3 For crucial documents in countries – see the database of International Energy Agency. 
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capita falls, too. Such a hypothesis results from the fact that more developed EU countries (this 

development is measured using GDP per capita) are usually more efficient in the use of factors 

of production, including energy resources. As a result, these countries have lower energy 

intensity and higher energy efficiency. Therefore, as GDP per capita increases in EU countries, 

energy intensity should decrease. As regards energy consumption – it was assumed that energy 

consumption per capita is decreasing because of the fact that currently electronic devices are 

becoming more energy efficient (they use less energy). 

According to the climate and energy package in some EU countries (mainly new 

member states) CO2 emissions can increase, as the aim of 20% is overall and obligates the  

EU as a whole. These rising greenhouse gas emissions are directly connected with the increase 

of energy use, and this should be a consequence of economic growth and increased consumption 

of goods and services. In these cases, an improvement in energy intensity becomes an important 

challenge in order to meet the growing needs in those societies, and to face the problem  

of limited energy resources. At the same time, as it was mentioned, energy commodities and 

energy are necessary for economic growth (figure). The general formula for energy intensity  

is the ratio of energy use to gross value added (or Gross Domestic Product). In this paper, energy 

intensity is measured as the ratio of final energy consumption [in toe4] to gross value added  

[in 1 million USD in constant prices 2010]. 

𝐸𝑛𝑒𝑟𝑔𝑦 𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 =
final energy consumption [toe]

gross added value [1 𝑀$2010]
 

According to Eurostat’s methodology5 final energy consumption is the total energy 

consumed by end users, such as households, industry and agriculture. It is the energy which 

reaches the final consumer’s door and excludes that which is used by the energy sector itself 

[Eurostat, Statistics Explained, Glossary: Final energy consumption]. It is assumed in this paper 

that energy consumption includes final energy use (consumption) in agriculture, industry, 

services, transport and others6 – thus, it is the use in production sectors of the economy. 

Therefore, the use of energy in residential7 households was omitted. This was done in order  

to get a common structure – in gross added value in the economy, and in final energy 

                                                 
4 toe = Tonne(s) of oil equivalent, is a normalised unit of energy. By convention it is equivalent to the approximate 
amount of energy that can be extracted from one tonne of crude oil. It is a standardised unit, assigned a net calorific 
value of 41 868 kilojoules/kg and may be used to compare the energy from different sources [Eurostat, Statistics 
Explained, Glossary: Tonnes of oil equivalent (toe)].  
5 There are more indicators on energy use on the macroeconomic level, i.e. gross inland consumption, primary 
energy consumption – see more: Eurostat, Statistics Explained.  
6 Services, transport and other are counted together as a service sector.  
7  In 2015 it amounted, depending on the country, to 19-36% of total final energy consumption [European 
Commission].  
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consumption by individual sectors. For the hypothesis there are two variables used:  

(1) economic growth, which is measured as the changes in Gross Domestic Product (GDP) per 

capita at 2010 USD constant prices and (2) energy use per capita – in kg of oil equivalent, which 

is calculated as gross inland energy consumption8 per capita. Data on GDP and gross value 

added are in constant prices (USD) from 2010, thus the impact of inflation was eliminated.  

In the paper the term “medium-developed” countries of the EU is used – this refers to the 

European Union’s average level of GDP, and to the best countries in this area (with the highest 

income per capita). It does not concern third world countries (developing countries all over the 

world). Thus, medium-developed countries are, for example, Poland, Czech Republic, Slovak 

Republic or the Baltic states. The research period is 2000-2015 and all European Union 

countries are analysed (except Malta – because of a lack of data). Descriptive statistics methods, 

Pearson correlation coefficient and analysis of intensity (intensity indicators) were used in the 

paper. The changes in variables are presented mainly using dynamics and geometric mean9 

indexes. The source of data is the European Commission and Eurostat – mainly data on energy 

use (by sector – agriculture and fishing, industry, services, transport, residential, others) and the 

World Bank – data on gross value added (in agriculture, industry, services and total), Gross 

Domestic Product (per capita, constant prices 2010 USD) and energy use (per capita). 

Calculations were made using MS Office Excel and Statistica. 

Results and discussion 

In 2000, the highest energy intensity was in new member states (those that acceded  

to the EU in 2004 or 2007): Bulgaria (about 250 toe/1 million USD), Slovak Republic (170), 

Romania (150), Czech Republic, Latvia, Poland (over 130). On the other hand, the lowest level 

of energy intensity was in 2000 in Denmark (41 toe/1 million USD), Italy, France, Germany, 

Ireland – about 52-57 toe/1 million USD, i.e. primarily in the high-developed countries of the 

European Union (table 1). The situation did not change much in 2015. There is low energy 

intensity in rich countries, however, some countries changed places – Ireland (under 30 toe/1 

million USD), Denmark (33), United Kingdom (39) and France (42 toe). The highest level  

                                                 
8 Gross inland energy consumption, sometimes abbreviated as gross inland consumption, is the total energy 
demand of a country or region. It represents the quantity of energy necessary to satisfy the inland consumption  
of the geographical entity under consideration. Gross inland energy consumption covers: (a) consumption by the 
energy sector itself; (b) distribution and transformation losses; (c) final energy consumption by end users; (d) 
statistical differences (not already captured in the figures on primary energy consumption and final energy 
consumption). See Eurostat, Statistics Explained, Glossary: Gross inland energy consumption.  
9 The geometric mean is very useful when values tend to make large fluctuations. If statistical data inform about 
average increments of the examined value in relation to the previous period, the geometric mean is more 
appropriate than the arithmetic mean or median for examining the average rate of change of phenomena,  
for example growth rates, returns on portfolio of securities. 
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of energy intensity in 2015 was in Bulgaria (156 toe/1 million USD), Latvia (109), Estonia (95), 

Hungary (92) and Finland (90). According to research done by Locmelis et al. [2016] we can 

identify the main reasons for the still existing high level of energy intensity in some countries. 

There are high energy prices in Latvia (as high as in Germany), but the Latvian economy is less 

efficient. It is worth noting that prices increased by nearly 50% between 2010 and 2015.  

The result, in this situation, is high energy intensity. Over 25% of energy in Latvia is used  

in industrial sectors, from which 85% is consumed by only 4 of the most valuable industry 

sectors: manufacturing of wood, food, non-metallic mineral products and manufacturing  

of fabricated metal products. Therefore, there is high potential in making the Latvian industrial 

sector more energy efficient. As the authors mentioned conclude – the general aim of energy 

policy should be decreasing energy intensity through the implementation of new, accurate 

energy management systems which are measurable and have precise monitoring methods.  

This solution should lead the country to gain greater control over its energy sector and should 

ease decreasing energy intensity. Moreover, after the financial crisis in 2008, Latvia 

restructured its own economic sectors. After that, there appeared high energy demanding 

industrial sectors. According to Gamtessa and Olani [2018] the green gas emission problem  

is the main issue of many energy policies. After the launch of many environmental (ecology) 

movements in global politics, we can observe a decrease of energy intensity and improvement 

(higher efficiency) in energy production. 

There is an interesting situation in Finland – the energy intensity amounted in 2000  

to almost 107 toe/1 million USD – similar to Slovenia, and much more than other highly-

developed countries. In 2015 it was over 90 toe, thus Finland is among the most energy-

intensive economies in the EU. However it is due to the fact that there are very energy-intensive 

industries in this country, especially the forestry industry, which is responsible for about 50% 

of energy use in the industrial sector [Zakeri, Syri and Rinne 2015]. The European Union has 

energy intensity at a level of 64 toe/1 million USD and it amounted 50 toe in 2015. There is  

a moderate/strong negative relationship between GDP per capita level and energy intensity.  

The Pearson correlation coefficient was -0.63 in 2000 and -0.61 in 2015, which means that the 

more developed (the richer) the country, the lower is the energy intensity of its economy. 

However, it is worth noticing that the tendencies and changes in energy intensity (its decreases) 

do not follow such a simple relationship. 

The highest progress in reducing energy intensity was mainly made by less- or medium-

developed countries of the European Union. The annual decreases in energy intensity 

(measured through geometric means of changes in the period 2000-2015) amounted to 4.4%  
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in Ireland, 4.2% in the Slovak Republic, 3.5% in Romania, 3.1% in Czech Republic, 3%  

in Bulgaria, 2.9% in Sweden and 2.6% in Poland (tables 2 and 3). When we take into account 

the change in energy intensity in 2015 compared to 2000 (table 1), the values of this indicator 

decreased in Ireland and the Slovak Republic by almost 50% (Ireland: by 28 toe, from 57 to 29 

toe/1 million USD and Slovak Republic: by 80 toe, from 168 to 88 toe) and by 33-41%  

in Romania (a decrease of 61 toe), Czech Republic (52 toe), Bulgaria (91 toe), Sweden (28 toe), 

Poland (44 toe) and Great Britain (19 toe). In the European Union, energy intensity decreased 

every year by 1.58% and across the whole analysed period by 21.3% (from 64 to 50 toe/1 

million USD). 

Table 1. Energy intensity in toe/1 million USD [constant 2010], GDP per capita [constant 2010 USD] 

and energy use per capita in kg of oil equivalent in the European Union countries in 2000-2015 and 

changes 2015/2000 

Specification 

Energy intensity in toe/1 million 
USD [constant 2010] 

GDP per capita [constant 2010 USD] 
Energy use per capita in kg of oil 

equivalent 

2000 2008 2015 
2015 / 
2000 

2000 2008 2015 
2015 / 
2000 

2000 2008 2015 
2015 / 
2000 

Austria 58,12 61,41 58,03 99,8% 42 123 48 028 47 835 113,6% 3 570 4 032 3 804 106,6% 

Belgium 76,48 64,74 60,57 79,2% 40 170 44 956 45 068 112,2% 5 669 5 455 4 688 82,7% 

Bulgaria 247,53 179,61 156,14 63,1% 4 011 6 914 7 612 189,8% 2 277 2 649 2 478* 108,8% 

Croatia 93,19 86,36 83,63 89,7% 10 570 14 779 13 936 131,8% 1 895 2 216 1 898* 100,2% 

Cyprus 88,21 72,40 64,79 73,5% 27 318 32 652 27 587 101,0% 2 265 2 389 1 712* 75,6% 

Czech Republic 137,30 101,70 85,55 62,3% 14 807 20 521 21 382 144,4% 3 988 4 331 3 860 96,8% 

Denmark 40,62 38,87 32,96 81,1% 55 851 60 505 59 968 107,4% 3 490 3 502 2 817 80,7% 

Estonia 122,87 108,70 94,98 77,3% 10 108 16 717 17 734 175,4% 3 375 4 105 4 173 123,7% 

European Union 63,69 56,35 50,13 78,7% 30 293 34 671 35 230 116,3% 3 472 3 512 3 207 92,4% 

Finland 106,96 89,42 90,38 84,5% 40 450 49 364 45 087 111,5% 6 262 6 669 5 925 94,6% 

France 54,32 47,45 42,42 78,1% 38 522 41 545 41 690 108,2% 4 135 4 111 3 688 89,2% 

Germany 55,84 49,98 47,71 85,4% 37 998 42 365 45 413 119,5% 4 094 4 037 3 818 93,2% 

Greece 63,32 55,66 55,22 87,2% 23 275 29 875 22 649 97,3% 2 507 2 745 2 182 87,1% 

Hungary 116,10 97,20 92,26 79,5% 10 490 13 869 14 629 139,5% 2 448 2 637 2 433 99,4% 

Ireland 57,06 48,68 29,14 51,1% 42 945 50 918 67 590 157,4% 3 627 3 294 2 835 78,2% 

Italy 52,45 50,59 44,92 85,7% 36 181 37 585 33 984 93,9% 3 012 3 088 2 482 82,4% 

Latvia 135,51 107,37 109,04 80,5% 6 935 13 270 14 294 206,1% 1 618 2 106 2 177* 134,5% 
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Specification 

Energy intensity in toe/1 million 
USD [constant 2010] 

GDP per capita [constant 2010 USD] 
Energy use per capita in kg of oil 

equivalent 

2000 2008 2015 
2015 / 
2000 

2000 2008 2015 
2015 / 
2000 

2000 2008 2015 
2015 / 
2000 

Lithuania 109,92 92,86 87,41 79,5% 6 934 13 405 15 342 221,3% 2 038 2 976 2 387* 117,2% 

Luxembourg 82,48 81,01 64,10 77,7% 93 463 108 577 107 649 115,2% 7 677 8 612 6 548 85,3% 

Netherlands 63,53 55,96 49,36 77,7% 46 133 52 118 51 410 111,4% 4 739 4 848 4 233 89,3% 

Poland 132,62 108,25 88,77 66,9% 8 525 11 800 14 640 171,7% 2 320 2 565 2 490 107,3% 

Portugal 78,39 72,32 66,42 84,7% 21 513 22 830 22 017 102,3% 2 390 2 337 2 132 89,2% 

Romania 146,82 103,65 86,10 58,6% 4 901 8 873 9 567 195,2% 1 614 1 929 1 592* 98,6% 

Slovak Republic 168,14 114,48 88,44 52,6% 10 297 16 748 18 679 181,4% 3 293 3 406 3 004 91,2% 

Slovenia 105,08 93,18 83,04 79,0% 18 571 25 447 23 731 127,8% 3 224 3 837 3 175 98,5% 

Spain 64,68 58,34 50,50 78,1% 28 335 32 303 30 531 107,7% 3 004 3 026 2 571 85,6% 

Sweden 79,24 60,12 51,23 64,7% 44 694 52 711 55 395 123,9% 5 360 5 380 5 103 95,2% 

United Kingdom 58,33 46,93 39,09 67,0% 35 577 40 536 41 537 116,8% 3 786 3 362 2 764 73,0% 

* Data on energy use per capita in 2015 in Bulgaria, Croatia, Cyprus, Latvia, Lithuania, Romania – these are data 
from 2014. 

Source: Own study based on data: European Commission, DG ENER, Energy Statistics, By country, Country 

datasheets: EU-28; The World Bank, Data Bank, World Development Indicators (see references). 

At the bottom of this ranking are mainly high-developed EU countries and PIGS-

countries10. Energy intensity decreased in the years 2000-2015 in Croatia by 10%, Germany by 

14.6%, in Denmark and Finland by 15.5-18.9% only. Interestingly, in Austria, energy intensity 

was at the same level in 2015 as in 2000 (58 toe/1 million USD), thus, in Austria there was no 

progress in this area. In turn, in the PIGS-countries this ratio fell during the analysed period by 

only 13-15%. Annual changes (decreases of energy intensity) in Portugal, Italy and Greece did 

not exceed 1.1%. 

In transition economies (especially in the countries of East-Central Europe) the main 

reasons for energy intensity decreases after 1990 were [European Environment Agency; 

Petrović, Filipović and Radovanović 2018; Timma, Zoss and Blumberga 2016; Verbić, 

Filipović and Radovanović 2017; Wysokiński, Trębska and Gromada 2017, p. 239]: 

                                                 
10 PIGS is acronym used regarding to 4 countries: Portugal, Italy, Greece, Spain, in which the debt crisis and as 
well the economic crisis had the most negative consequences after 2008/2009. Sometimes there is used broader 
acronym "PIIGS”, which encompasses these countries and Ireland, however it is not very precise, because Ireland 
only had an economic recession in the period 2007-2009, and these other countries – much longer [The World 
Bank].  
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 restructuring of the national economy and change in the structure of the economy  

(in the sense of the three sector theory of Fisher, Clark and Fourastie [Zajdel 2011]); 

 technological changes, according to which new technologies (machines, and 

devices)were introduced which were resource-efficient, including more energy-

efficient ones; 

 changes in the structure of energy commodities consumption, including decreasing 

consumption of coal in favour of growing consumption of hydrocarbon fuels and 

renewable energy sources; 

 privatisation in an economy that fosters energy efficiency; 

 improvement of energy efficiency in manufacturing branches and in the electricity and 

heat industries; 

 improvement of energy efficiency in housing and industry; 

 consistent implementation of EU regulations and support from EU structural funds 

(especially after 2004); 

 and – to some extent – reduction of fuel consumption in transport through higher 

efficiency in logistics and implementation of new technologies in transport. 

Table 2. Geometric means of changes (year to year) for three variables: energy intensity, GDP per 

capita and energy use per capita, in %, in the period 2000-2015 (rejection of the hypothesis) 

Specification 
Geometric mean of changes 

(year to year) in energy 
intensity in % 

Geometric mean of changes 
(year to year) in GDP per 

capita in % 

Geometric mean of changes (year 
to year) in energy use per capita 

in % 

Austria -0,01% 0,85% 0,42% 

Bulgaria -3,03% 4,36% 0,60% 

Croatia -0,72% 1,86% 0,01% 

Estonia -1,70% 3,82% 1,43% 

Latvia -1,44% 4,94% 2,14% 

Lithuania -1,52% 5,44% 1,14% 

Poland -2,64% 3,67% 0,47% 

Source: Own study based on the data from table 1. 
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Table 3. Geometric means of changes (year to year) for three variables: energy intensity, GDP per 

capita and energy use per capita, in %, in the period of 2000-2015 (confirmation of the hypothesis) 

Specification 
Geometric mean of 

changes (year to year) in 
energy intensity in % 

Geometric mean of 
changes (year to year) in 

GDP per capita in % 

Geometric mean of 
changes (year to year) in 
energy use per capita in 

% 

Belgium -1,54% 0,77% -1,26% 

Cyprus -2,04% 0,07% -1,98% 

Czech Republic -3,10% 2,48% -0,22% 

Denmark -1,38% 0,48% -1,42% 

European 
Union 

-1,58% 1,01% -0,53% 

Finland -1,12% 0,73% -0,37% 

France -1,64% 0,53% -0,76% 

Germany -1,04% 1,20% -0,47% 

Greece -0,91% -0,18% -0,92% 

Hungary -1,52% 2,24% -0,04% 

Ireland -4,38% 3,07% -1,63% 

Italy -1,03% -0,42% -1,28% 

Luxembourg -1,67% 0,95% -1,05% 

Netherlands -1,67% 0,72% -0,75% 

Portugal -1,10% 0,15% -0,76% 

Romania -3,49% 4,56% -0,10% 

Slovak 
Republic 

-4,19% 4,05% -0,61% 

Slovenia -1,56% 1,65% -0,10% 

Spain -1,64% 0,50% -1,03% 

Sweden -2,87% 1,44% -0,33% 

United 
Kingdom 

-2,63% 1,04% -2,08% 

Source: Own study based on the data from table 1. 

Considering the empirical data on energy intensity in the sectors of the economy and 

the use of energy per capita in 2015, it can be concluded that there is no significant link between 

these variables. There are countries with high levels of energy use per capita and with both – 

quite low (Sweden, Netherlands) and high (Finland, Estonia, Czech Republic) levels of energy 
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intensity. In turn, obviously, there is a positive relationship (Pearson correlation coefficient 

close to 0.7) between energy use per capita and GDP per capita in 2015. The more developed 

the economy, the higher the energy consumption – good examples are Luxembourg, 

Netherlands, Sweden, but on the other side, there are highly-developed countries with low 

energy consumption per capita level (Denmark, Ireland). These are, however, very rich 

countries, based on effective ecological processes. Although there is a tendency in most 

European Union countries that GDP is growing and energy use per capita is decreasing, because 

production processes and the efficiency of machines and devices are improving, as it was 

mentioned, some less- and medium-developed European Union countries could increase  

CO2 emissions in order to reduce the economic gap between themselves and the best countries. 

These are countries in which the energy consumption per capita increased during 2000-2015, 

but where they improved energy efficiency (they decreased the energy intensity) much more, 

therefore the final effects are positive. Such a situation concerns Bulgaria, Croatia, Estonia, 

Lithuania and Poland. 

Conclusions 

The aim of the paper was to identify the tendencies in energy intensity in the European 

Union countries and their causes and effects. The focus has been on energy intensity as the ratio 

between energy use and gross value added. The following hypothesis was tested: with economic 

growth, the energy intensity of an economy decreases and energy consumption per capita 

decreases, too. The hypothesis was confirmed in 20 countries and for the European Union as  

a whole. For 7 countries it was rejected (Austria, Bulgaria, Croatia, Estonia, Latvia, Lithuania, 

Poland). The lowest energy intensity is in highly-developed countries: Ireland, Denmark, 

United Kingdom, France, but there were the highest nominal and real decreases of energy 

intensity in countries with different GDPs (different GDP levels): Ireland, Slovak Republic, 

Romania, Czech Republic, Bulgaria, Sweden, Poland. The lower the energy intensity, the more 

ecological the economy. However, not all highly-developed European Union countries have 

low energy intensity (e.g. Finland, Luxembourg, Belgium, Austria). 

Although the use of energy increased during the period 2000-2015 in some medium-

developed countries of the European Union (Bulgaria, Estonia, Lithuania, Poland), these 

countries improved energy efficiency much more (they reduced the energy intensity). 

Ultimately, the effects are positive in these countries. An increase in energy use per capita was 

observed in countries in which there were the highest GDP growth rates. Higher energy 

consumption resulted from dynamic economic development. This can be connected with the 

catch-up effect (convergence). 
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Putting more capital into research and development (R&D) investment can lead to  

a decrease in energy intensity. Furthermore, this will promote energy efficiency. Countries 

should possess, or introduce new energy management systems which are measurable, 

transparent and easy to control. This could support improving energy efficiency in the long 

term. Another important determinant for decreasing energy intensity are: restructuring of the 

national economy, structural and technological changes, privatisation of the economy. State 

policy can play special role in the support of entities (companies, households) in order  

to achieve these changes through structural funds (European Union funds) or implementing  

a loan and credit system for energy efficiency. The final effect of these activities would be 

lower energy intensity and higher efficiency of production factors, which could lead to an 

increase in national income and economic welfare. 
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