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1. Rationale of the research 
 

Developments in the use of energy have accompanied the history of mankind: the dis-

covery of fire gave an energy source to our ancestors, while biomass, wind and water energy 

dominated our energy consumption up to the 17th century. The steam engine was the the first 

major use of fossil fuels. Crude oil and nuclear energy created new possibilities in energy 

production and cheap transportation was materialized and became available to everybody. 

The spread of electric energy improved the standard of living; even today one of the most 

popular indicators of development is the availability of electricity. Nobody can cut himself 

adrift from using energy sources, so as the scarcity of resources becomes more and more im-

portant, the role of energy economic research is re-evaluated. 

Many international organizations (such as the World Economic Forum) and research-

ers (such as Gidley J., Kapoor R., Nováky E.) deal with global problems. According to 

Smalley (2003) humanity will have to battle with the following problems in the next 50 years: 

(1) Energy, (2) Water, (3) Food, (4) Environment, (5) Poverty, (6) Terrorism & War, (7) Dis-

ease, (8) Education, (9) Democracy, and (10) Population. Energy and its challenges are put in-

to the first place. This signifies that it is the most urgent problem and that it is in tight connec-

tion with the others. We can find many similar lists, including the yearly analysis of the 

World Economic Forum called Global Problems. In 2012 the report evaluates the volatile en-

ergy prices as high risk. Just think of everyday life: rising fuel and gas prices affect them and 

after the Russia-Ukraine gas debate the energy supply security and the diversification of ener-

gy sources gained priority. 

Energy use is a totally general thing in everyday life: it is natural that in the morning 

we switch on the computer, start the car and turn up the lights in the evening. We cannot be-

come independent from the usage of it, which indirectly affects our economic growth and de-

velopment. Studies on the economic role of energy are so particularly relevant today because 

consequent decisions can be made if we know the relationships of the variables and causality 

directions. 

 

 

1. 1. Research background and methodology 

 

The structure of my dissertation is shown in Figure 1. In the triangle I present 3+1 var-

iables: the three top of the triangle is energy efficiency, energy use and economic growth. The 

fourth one – which in my view is the change of the economic structure – determines the con-

nection among these three variables. 

In the last few decades the energy intensity of the economy has strongly improved in 

most of the developed countries, which has four main sources: structural change, the substi-

tutability of energy and other inputs (assuming the technological level), technological changes 

and changes in energy structure (Stern D. I. 2011). Madlener R. (2009) emphasize the techno-

logical changes and the substitutability, so in his view the connection among the three varia-

bles is determined by the measure of substitutability of capital, work and energy (Madlener R. 

et al. 2009. p.371.). But my opinion, based on the work of de Janosi P. E. et al. (2002), Judson 

R. A. et al. (1999), Birol F. et al. (2000) and Schultz Gy. (2005), is that the structural change 

is the elemental factor, so I have placed this in the center of Figure 1.  
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Source: own compilation 

Figure 1  

Logical structure of the study with hypotheses (H) and methods of analysis

Energy efficiency  

 

Economic growth  

 

Energy consumption  

 

Structural change 
 

H6: In the household sector of East-Central Europe 

the improvement in the energy intensity was sig-

nificant between 1990 and 2009, but the extent of 

energy savings is under the expectations.   

 

H7: The difference between the potential and the 

actual energy savings with regard to any energy ef-

ficiency improvements can vary between the high-

est and the lowest income groups. 

Index Decomposition Analysis  

VECM, VAR model 

Granger causality 

analysis 

OLS model 

Discriminant analysis 

VAR model 

Granger causality analysis H1: In East-Central Europe (Hungary, Czech Republic, Slovakia, Slovenia, Poland) there is 

a significant relationship between energy consumption and economic growth. Similarly to 

the developed countries, economic consumption causes economic growth.  

H2: In countries where the energy consumption affects the economic growth, decreasing en-

ergy consumption has a negative impact on economic growth. However, this does not mean 

a reduction in the economic development. 

 

Energy economics   

Environmental economics  

 
Ecological economics  

 Biophysical Economics  

 H4: In East-Central Europe from 1990 to 2009 the energy intensity (both in the industrial 

sector and in the whole economy) was significantly affected by structural change and chang-

es in the energy intensity of the economic sectors as well.  
H5: The extent of the intensity and its structural effect can vary at different levels of the 

economy. 

H3: Structural change can affect the causality relationship be-

tween energy consumption and economic growth differently. 
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With regard to these factors I looked for answers for these questions: 

1. Can rising energy consumption induce economic growth? Does economic growth 

necessarily enhance energy consumption? 

2. What were the main causes of the development of the energy intensity in East-

Central Europe in the last two decades? The changes of the economic structure or 

the development of the energy intensity with regard the technology development? 

3. What factors are affected by the industrial energy efficiency? 

4. Why is the development of energy efficiency necessary? 

5. Does the improvement in energy efficiency result in the expected outcomes? 

6. Does the improvement in energy efficiency lead to the same results in households 

belonging to different income groups? 

 

In Figure 1 I present also my hypotheses belonging to these variables mentioned 

above, as well as the methods applied to test them and all of the theories that are essential to 

the analysis of the economic role of energy.   

When writing and researching my dissertation I followed the route shown in Figure 2. 

After the review of the economic theories I drafted my hypotheses based on the recommenda-

tion of Földvári P. (2007). In his view an econometric analysis has to be started with estab-

lished hypotheses based on theory. “the objective of the econometric analysis is not to explore 

and get the information from the existing data, but to expand economics knowledge and test 

the models with the systematic analysis of the data.” (Földvári P. 2007, p.35.) The next step 

was the selection of the methods and the data collection. In many cases the availability of the 

data modified my vision and I had to choose another method, so these two steps were repeated 

many times in my research. Finally I made my calculations and I drafted the thesis statements. 

 

 
Source: own compilation 

Figure 2 

Progress of the research  

 

Theoretical 

review 

Draft thesis state-

ments 

Designate 

method 

Draft  

hypotheses 

Making 

analysis 

Data collec-

tion 

Energy economics 

Ecological economics 

Biophysical economics 

Environmental economics  

Worldbank 

Eurostat 

Hungarian Central 

Statistical Office 

Enerdata - Odyssee 

 

Econometric and statistics 

methods (VAR, VECM, OLS 

models, Granger causality 

analysis, index decomposition 

analysis, discriminant analysis 
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The main objective of my research is the analysis of the connection among energy consump-

tion, economic growth and energy efficiency in light of the structural change in East-Central 

Europe (Hungary, Poland, Czech Republic, Slovakia, and Slovenia) from 1990 to 2009. In my 

examination I used mainly the Worldbank, Eurostat, and Enerdata – Odyssee databases. In my 

dissertation I examine the following hypotheses: 

 

H1: In East-Central Europe (Hungary, Czech Republic, Slovakia, Slovenia, Poland) 

there is a significant relationship between energy consumption and economic growth. 

Similarly to the developed countries, economic consumption causes economic growth.  

 

H2: In countries where the energy consumption affects the economic growth, decreas-

ing energy consumption has a negative impact on economic growth. However, this does 

not mean a reduction in the economic development. 

 

H3: Structural change can affect the causality relationship between energy consumption 

and economic growth differently. 

 

I tested the 1st, 2nd and 3rd hypotheses with Granger causality analysis, so with vector error 

connection models and vector autoregressive models, suitable indicators for quantifying the 

structural change and the synthesis of the theory.  

 

H4: In East-Central Europe from 1990 to 2009 the energy intensity (both in the indus-

trial sector and in the whole economy) was significantly affected by structural change 

and the changes in the energy intensity of the economic sectors as well.  

 

H5: The extent of the intensity and its structural effect can vary at different levels of the 

economy. 

 

I used index decomposition methods for testing the 4th and 5th hypotheses: the Laspeyres, 

Paasche, Marshall Edgeworth, Walsh, Fisher Ideal, Drobish, AMDI, and LMDI methods. 

 

H6: In the household sector of East-Central Europe the improvement in the energy in-

tensity was significant between 1990 and 2009, but the extent of the energy saving is un-

der the expectations.   

 

H7: The difference between the potential and the actual energy savings with regard to 

any energy efficiency improvements can vary between the highest and the lowest income 

groups. 

 

I tested the 6th and 7th hypotheses with ordinary least squares models and discriminant analy-

sis. 
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2. New and novel observations of the research 

 
2.1.Theoretical background  

 

In the theoretical review I surveyed how the scarcity of natural resources (with special 

regard to energy) is perceived in the physiocracy, classical and neoclassical economics. I re-

viewed inter alia the principal works of Adam Smith, John Ramsay McCulloch, Thomas Rob-

ert Malthus, John Stuart Mill, William Stanley Jevons and Alfred Marshall. Since many new 

theories came into being as changes in economic thought occurred in the second half of the 

20
th

 century, I paid attention to these new theories, such as biophysical, ecological, environ-

mental and energy economics. I also clarified the basic definitions and presented the rebound 

effect. 

 

Changes in economic thought 

 

After neoclassical economics, mainstream economics left the natural factors of pro-

duction. For mainstream economics “the nature just produces the resources (which are unlim-

ited and unrestricted substitutable) that the population consumes and assimilates the wastes” 

and nature is treated as one of the subsectors of the economy (Daly H. E. 2001, p.8.). They 

support their theory with many arguments (such as that of Okun A. M.): one of the most fre-

quent is that the cost of the natural resources (such as energy costs) is just a small part of the 

total cost of the production (for energy it is just 5-7%, in exceptional cases 10%) and in many 

cases the factors are free (such as air) (Birol F. et al. 2000; Kümmel R. 2010).   

 Change occurring from the 1960s is called “environmental awakening”, because at 

that time it became clear that pollution of nature cannot be unlimited, and nature restrains 

economic growth. According to Daly H. E. (1990, 2001) economic development, rather than 

economic growth, is the only solution, and he thinks about the limits of economic growth with 

particularly interesting and novel reasoning. In his view, in microeconomics finding the limits 

of economic growth is totally accepted but in macroeconomics it is neglected. He argues that 

the main object of microeconomics is to determine the optimal size, so finding that point 

when “the rising marginal costs are equal with the decreasing marginal benefits, and after that 

increasing every activity becomes uneconomical because it increases the costs more than the 

benefits” (Daly H. E. 2001. p.5.). He raises the question of why this law of the rising marginal 

costs and the decreasing marginal benefits is not applied in macroeconomics (which would 

limit the economic growth). One of the first things he showed is that the economy is also a 

subsystem, a subsystem of the ecology, so the rules of microeconomics are also valid for it. 

Later Max-Neef M. (1995) developed the threshold hypothesis: “for every society there seems 

to be a period in which economic growth (as conventionally measured) brings about an im-

provement in the quality of life, but only up to a point – the threshold point – beyond which, 

if there is more economic growth, quality of life may begin to deteriorate” (Max-Neef M. 

1995. p.117.).  

In the 1970s there were many events which not only affected seriously the economic 

thought, but that led to the development of new theories (such as energy economics). One 

such event is the establishment of the Club of Rome (1968); on behalf of the organization 

Meadows D. H. et al. published the The Limits to Growth in 1972. The authors shocked the 

public with the results of the book and it started many discussions which caused the re-

evaluation of the economic role of the environment. Another important historical event was 

the Arab-Israeli War (The Yom Kippur War) and the first oil shock, which resulted in the 

quadrupling of the price of a barrel of oil. This conflict caused not only a local crisis but af-
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fected prices around the world, generating massive inflation, influencing technological devel-

opment and energy strategies. 

These events resulted in new theories, such as biophysiscal economics, environmental 

economics, energy economics, and ecological economics. There are many subtheories today 

as well (deep ecology, ecofeminism, society ecology) which evaluate really radically for the 

human, the operation of the economy and for the nature. They emphasize that the economy 

cannot exist on its own, it cannot be independent from nature, and physical properties (such as 

the First and Second Law of Thermodynamics) affect the processes within it. 

 

Modern theories 

 

Georgescu-Roegen N. (1971) analyzed economics from physical and biological per-

spectives, establishing the basics of biophysical economics. He argues for the adaptation of 

the First and Second Laws of Thermodynamics in economics, although according to Dale M. 

(2012) the physical properties had already appeared in the works of Podolinsky S. and Soddy 

F. The First Law of Thermodynamics is the law of conservation of energy and mass, stating 

that energy can be neither created nor destroyed (according to the physical definition the net 

heat supplied to the system equals the net work done by the system). So the law of conserva-

tion of energy implies quantitative limits for economic processes. The Second Law of Ther-

modynamics is called entropy, which means not a quantitative, but a qualitative limit. Accord-

ing to Georgescu-Roegen  the economy “produces useful products and services for humans 

using a low-entropy state of matter and finally the output is a high-entropy state of matter” 

(Pataki Gy. 2002. p.35.). According to the representatives of biophysical economics these two 

laws make a strong limit for the economy which has to be taken into consideration. 

Environmental economics is the economics of the environment and it deals with the 

natural economics and the problems of environmental pollution. Its main focus is the optimal 

allocation of scarce resources (with special regard to natural resources) and the determination 

of their market prices. It is built on neoclassical foundations and examines the issues of socie-

ty and ecology from economics perspectives.  

The main subject area of energy economics is the examination of the demand and sup-

ply sides of energy, energy intensity, changes in energy prices and establishing a suitable en-

ergy policy. Energy economics is the economics of energy sources (Evans J. et al. 2009). Its 

establishment as an independent theory arose in connection with the first oil shock (in 1973), 

although some studies related to this topic has been published in previous decades, such as 

Hotelling H. (1931).  

Ecological economics is a younger branch of economics that became instituitionalized 

in 1989 and that represents a really particular perspective. Its researchers (such as Daly H. E. 

and Cobb J. B.) are in connection with physics, ecology and theology and its important ele-

ment is their analysis is based on material. Partly it is a continuation of biophysical economics 

(although according to some sources biophysical and ecological economics are the same) and 

it combines the main results of economics, environmental economics and resource economics 

(Bartus G. 2008) The starting point of it is that “the economy operated by mankind is a sub-

system of the global ecosystems (the biosphere)” (Kocsis T. 1999. p.143.). 
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Source: own compilation on the basis of Kocsis T. (1999), p.140. 

Figure 3 

The history of economic thought with regard to energy 

 

As illustrated in Figure 3, the representatives and the investigated issues of environ-

mental economics can be easily distinguished from the examination of biophysiscal econom-

ics, energy economics and ecological economics. However, the boundaries of these three eco-

nomics theories are not as clear; their researchers respect all of these theories (it frequently 

happens that Daly H. E. and Cleveland C. J. are classified into biophysical economics, not in-

to the ecological economics).  

 

 

2.2. Analysis of the connection between energy consumption and economic growth with 

econometric methods  

 

It is broadly accepted that there is a strong connection between energy consumption 

and the economy of the nation, but the direction is debated. The causality direction is ex-

tremely important, because in countries where the GDP is the effect (the dependant variable) 

Time 

18th-19th 

century 

17th-18th 

century 

19th 

century 

Physiocracy: Petty, Quesnay, Diderot, Turgot 

Classical economics: Smith, Ricardo, Malthus, 

Mill, McCulloch 

Neoclassical economics: Jevons, Mar-

shall, Walras, Menger  

Energy economics: 

Schurr, Schipper, 

Sorrell, Saunders, 

Herring 

Biophysical economics: 

Georgescu-Roegen, 

Podolinsky, Gever,  

Odum 

Ecological economics: Costanza, Daly, 

Cleveland, Cobb, Ayres, Warr 

20th-21st 

century 

Biology, 

ecology 

Physics Theology 

Environmental economics: 

Pigou, Hotelling, Coase, 

Turner, Pearce 

Stern 
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of energy consumption, restrictions on energy consumption can limit or mitigate economic 

growth. 

In this field of economic research Kraft’s analysis was the pioneering work. They ana-

lyzed the relationship between the energy consumption and the GNP in the USA between 

1947 and1974 (Kraft J. et al. 1978). In the more than three decades since then many publica-

tions were issued but their results are really contradictory. According to the literature these 

differences stem from factors like the different econometric methods, time periods, the na-

tional heterogeneity, the different consumption samples, climate, economic development 

(Belke A. et al. 2010; Stern D. I. 2000, 2004) and every other indicator which affects energy 

consumption and economic growth, such as structural change. By this latter economic process 

the researchers examine the modification of the relative weights of sectors and relationship of 

the changes of the manufacturing structure and the economic growth (Szalavetz A. 2003).  

In my research I used bivariate models to analyze the Granger causality directions be-

tween the energy consumption and economic growth of Hungary, Poland, the Czech Repub-

lic, Slovakia, and Slovenia. My object was to determine the causality directions affecting the 

dependencies in the last two decades. The method of analysis is shown in Figure 4. 

 

 
Source: own compilation 

Figure 4 

The Granger causality analysis 

 

According to my analysis, with the exception of Poland and Slovenia there is a significant re-

lationship between the energy consumption and the economic growth. In Hungary, Slovakia, 

and the Czech Republic the energy consumption (ENC) Granger causes the GDP in the long 

Stacionarity tests: ADF, DF-GLS, KPSS test.  

I(1): the difference 

of the variable are stationary (the series 
are integrated of order one). 

Cointegration test: Engle-
Granger and Johansen 

tests. 

Cointegration 
relationship. 

VECM model 

Not cointegration 
relationship. 

VAR model 

I(0): the levels values 
of the series are 

stationary. 

VAR model 



An empirical study on the economic role of energy in East-Central Europe, from 1990 to 2009 
 

 

9 

 

run (Table 1), so energy consumption is able to induce economic growth In Hungary, Slo-

vakia, Czech Republic the energy conservation policies have to be considered, because all of 

these policy may retard the economic growth. 

 

Causality tests I 

Table 1 

Country 
Granger causali-

ty 
Lags ENC→GDP GDP→ENC Test 

HU ENC→GDP 1 
13.547 

(0.0020)*** 

1.4743  

(0.2423) 

VAR 

model 

PL 
no connection 

found 
1 

1.4649  

(0.2449) 

0.0061589 

(0.9385) 

VAR 

model 

CZ ENC→GDP 4 3.8164 (0.0708)* 
2.5799  

(0.1440) 

VAR 

model 

SK ENC→GDP 1 
10.444 

(0.0052)*** 
0.010551 (0.9195) 

VAR 

model 

SLO 
no connection 

found 
1 0.59281 (0.4541) 

2.6155  

(0.1281) 

VAR 

model 

Comment: by VAR models I present the F-tests of zero restrictions, in parentheses the p-value;  

* 10% significance level, ** 5% significance level; *** 1% significance level  

Source: own compilation 

 

With these results, I next sought for an explanation of why the direction of causality 

could not be identified in Poland and in Slovenia. I examined the structural change, measuring 

its rate by the Moore indicator. The results shown in Figure 5 were integrated into my models. 

 

 
Source: own compilation 

Figure 5 

The rate of the structural change on the basis of the Moore indicator (degree) 
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I assumed that in East-Central Europe the process of the structural change occurring in 

the last two decades affected differently the connection of the variables (energy consumption 

and economic growth). This is confirmed by the works of Stern D. I., Janosi P., Judson R. A., 

Schultz Gy., Birol F., Feng T. et al. and also the National Energy Strategy 2030: from the per-

spective of the economic growth there are two indicators which influence the energy policy. 

The trends of the GDP and the primary energy consumption break away and it continues also 

in the future. One of the main causes is the structural change (shifts toward the service sector) 

and the increasing efficiency of the production processes (National Energy Strategy 2030, 

2011. p.52.). 

So I performed the causality analysis and the related tests again, and according to my 

results in Slovenia and Poland between 1990 and 2009 the causality relationship between the 

energy consumption and economic growth was significantly influenced by the structural 

change. (2
nd

 table) 

 

Causality tests II 

Table 2 

Country 
Granger cau-

sality 
Lags α →ENC ENC→ α α→GDP GDP→α Test 

HU 
α  

→ENC→GDP 
1, 2 

8.1364 

(0.0128)** 

0.25022 

(0.6247) 

2.1627 

(0.1614) 

1.0464 

(0.3837) 

VAR 

model 

PL 
ENC α 

GDP 
1, 1 

0.0642 

(0.9496) 

-12.8  

(0.00)*** 

-0.325 

(0.7494) 

11.94 

(0.00)*** 

VECM 

model 

CZ α  ENC→GDP   1, 2 
0.25241 

(0.6232) 

0.0088995 

(0.9262) 

0.84714 

(0.4548) 

0.0055405 

(0.9945) 

VAR 

model 

SK α   ENC→GDP 1, 1 
2.1496 

(0.1633) 

0.69841 

(0.4164) 

0.14795 

(0.7059) 

2.1562 

(0.1627) 

VAR 

model 

SLO ENC→ α↔GDP 1, 1 
0.7717 

(0.4523) 

-1.726 

(0.1049)* 

-2.276 

(0.0379)** 

1.787 

(0.0942)* 

VECM 

model 

Comment: for VECM models I present the value of t-statistics, in () parentheses the p-value; for VAR models 

I present the F-tests of zero restrictions, in () parentheses the p-value;  

* 10% significance level, ** 5% significance level; ***1% significance level.  

Source: own compilation 

 

I verified that the structural change is significant from the perspective of the energy 

consumption and a shift in economic structure can affect the causality relationship of the en-

ergy consumption and the economic growth. So I was able to find the main cause of the in-

consistent results of the energy economics literature. The main reason for it is the structural 

change underway in the examined time periods, which affect the relationship in different 

ways and at different levels. From these, I drafted the following theses statements: 

 

T1a: In East-Central Europe (Czech Republic, Hungary, Poland, Slovakia, Slovenia) 

there is a significant relationship between the energy consumption and the economic 

growth, with the exception of Poland and Slovenia. In Hungary, Slovakia, and the 

Czech Republic the energy consumption Granger causes the GDP in the long run, so 

the energy consumption can induce economic growth. 

 

T1b: In Hungary, Slovakia, and the Czech Republic the energy conservation policies 

have to be considered, because all of these policies may retard the economic growth. 
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T2: The source of a reduction in energy consumption can be the development of the en-

ergy efficiency and the energy savings, which are the main pillar of the sustainable en-

ergetics. This latter is the measurement of the sustainable development and in the long 

run it contributes to the increase in a society’s welfare. So the reduction of the energy 

consumption is an economic process, which at the same time can limit the economic 

growth and enhance the economic development.  

 

T3a: In Poland and Slovenia between 1990 and 2009 the causality relationship between 

the energy consumption and economic growth was significantly influenced by the struc-

tural changes.  

 

T3b: In the energy economics literature there are many inconsistent results regarding 

the energy-GDP causality analysis. The main reason for this is the changes of the eco-

nomic structure underway in the examined time periods. 

 

 

2.3. Analysis of the changes inaggregate energy intensity with regard to the changes 

inthe economic and industrial structure 

 

From a historical view the economic structure significantly changes. At an earlier 

stage of economic development the agricultural sector was dominant, and after that there was 

a shift towards heavy industy (such as in the industrial revolution), and the more recent period 

has been characterized by the service sector expansion (Stern D. I. 2011. p.43.). The energy 

intensity of every branch and also every sector (primary, secondary and tertiary) is differs 

strongly (because they have got different energy structures) so there is a strong connection be-

tween the economic structure and the energy consumption (de Janosi P. E. et al. 2002., Judson 

R. A. et al. 1999). The energy intensity of an economy is affected by two factors: on the one 

hand it is affected by the role of the economic sector (such as the added value in percentage of 

GDP) and on the other hand by the energy intensity of them. 
In this research part I analyzed these two factors. I examined the structural change and 

the industrial sector after the change of regime, the shift among the economic (sub)sectors and 

the changes in energy intensity of the (sub)sectors. For my analysis I used the added value of 

these sectors, rather than examining the number of employees (many authors demonstrate the 

stuctural changes with the changes in the number of employees.) 

For my research I used the method of index decomposition analysis, which is a wide-

spread method: it is used for the analysis of energy consumption and emissions both in energy 

and environmental economics; furthermore, in recent years it appeared as a tool for human re-

source economics (Achao et al. 2009., Shrestha R. M. 2006.) and it gives new additives for 

the examination of income inequalities. It can be easily interpreted and nowadays it is a fre-

quently used tool for decision-makers (Ang B. W. 1995, 2000; Hoekstra R. et al. 2003; Zhao 

X. et al. 2010; Liu F. L. et al. 2003., Unander F. 2007.).  

The essential of index decomposition analysis (IDA) is that it can explain the changes 

of an indicator at sectoral level, and another advantage is the lowest data demand (Hoekstra R. 

2003). The starting point is the final intensity in the economic structure (aggregate energy in-

tensity) which is essentially affected by two factors: changes in the energy intensity of eco-

nomic sectors (intensity effect) and the shift in the mix of products or activities (structural ef-

fect) (Liu F. L. et al. 2003. p.16.). 
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Source: own compilation 

Figure 6: Index decomposition analysis results for aggregate ener-

gy intensity of the economic structure (Dint, 1990-2009) 

 
Source: own compilation 

Figure 7: Index decomposition analysis results for aggregate ener-

gy intensity of the economic structure (Dstr, 1990-2009) 

 
Source: own compilation 

Figure 8: Index decomposition analysis results for aggregate ener-

gy intensity of the economic structure (Dres, 1990-2009) 

 
Source: own compilation 

Figure 9: Index decomposition analysis results for aggregate ener-

gy intensity of the economic structure (Fisher I, 1990-2009) 
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In my study the final intensity in the economic structure means the ratio of the final 

energy use of primary, secondary and tertiary sectors to the added value produced by them. 

The method disaggregates the economy into sectors and then weights the sectoral energy in-

tensity by their output shares.  

The index decomposition analysis is an extremely wide research topic, and many 

kinds of methods are applied to it. I used the most popular methods: the Laspeyres, Paasche, 

Marshall Edgeworth, Walsh, Fisher Ideal, Drobish, LMDI and AMDI methodology. 

The results of the decomposition analysis presented in this paper show that between 

1990 and 2009 in East-Central Europe the intensity changes had a significant affect on the en-

ergy use in the whole economy. These results confirm Ang’s conclusion that “… for the in-

dustrialized countries, declining sectoral energy intensity has generally been found to be the 

main contributor to decreases in the aggregate energy intensity … The impact of structural 

change is smaller in comparison” (Ang B. W. et al. 2000. p.1162.). The publication of 

Mercados-EMI (2007) gives the same results, which are also supported by Szlávik J. et al. 

(2012), Kiss É. (2010), and Kuttor D. (2011). Kuttor D. states that “it is important to state and 

emphasize that in spite of the vigorous tertiarisation of the economies, the industry has main-

tained its significance in the economies of the region [Visegrád countries], both in terms of 

the employment of workers and of the production of added value” (Kuttor D. 2011. p.51.).  

Another explanation can be that in many cases the base of the service sector is the en-

ergy intensive infrastructure, whose energy consumption is not displayed here (but in the in-

dustrial sector) so the energy consumption of the service sector exceeds the expected value 

(Stern D. I. 2011). 

The impact of the structural change acted to increase the energy use in Hungary, Slo-

vakia and Poland (in these countries, the mix of industrial output moved away towards energy 

intensive sectors), but the intensity effect was so strong that finally the final energy intensity 

in the economic structure improved everywhere. 

In the last two decades the energy efficiency increased dynamically. This development 

stemmed mainly from the industrial sector, where structural changes can be observed not only 

in the economic structure but also in the industrial sector. With regard to this process two op-

posite views evolved: “the one group is convinced that this process is the expression of the 

desindustrialization, (…), while the other group thinks that the shifting economic structure 

toward the service sector is the consequence of the natural evolution of the developed produc-

tion systems” (Kiss É. 2010. p.11.). 

In the following section my objective is to identify (and to quantify) the source of the 

increasing energy efficiency through index decomposition analysis. Figures 10-12 show the 

changes in the energy intensity of the industrial sector, but I omitted the Laspeyres and 

Paasche indexes, because the residuum of them is above 1.1. In my evaluation these results 

are unreliable so I do not present them here. 
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Source: own compilation 

Figure 10: Index decomposition analysis results for the industrial 

sector (Dint, 1995-2009) 

 
Source: own compilation 

Figure 11: Index decomposition analysis results for the industri-

al sector (Dstr, 1995-2009) 

 
Source: own compilation 

Figure 12: Index decomposition analysis results for the industrial 

sector (Dres, 1995-2009) 

 
Source: own compilation 

Figure 13: Index decomposition analysis results for the industri-

al sector (Fisher I, 1995-2009) 
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With regard to the industrial sector between 1995 and 2009, in every country the in-

tensity effect was the stronger, but in the value of the intensity effect there are huge differ-

ences. While in Poland the magnitude of the intensity effect is twice as large as the structural 

one, in Slovenia the structural effect is insignificant (The Fisher Ideal index is 1.007). In 

Hungary the difference between the effect is relatively small (for the intensity effect the Fish-

er Ideal index is 0.61, while for the structural effect it is 0.67). In the Czech Republic and 

Slovakia – like Poland – the difference is significant: for both of these two countries the in-

tensity effect is near to 0.5 and the structural effect is around 0.8. The Mercados-EMI (2007) 

report has similar results: they evaluate the intensity effect as being more significant than the 

structural effect in East-Central-Europe. 

My results are the opposite of those of previous analyses (such as Unander F. 2007.) 

carried out for Western Europe and the USA, which emphasize the relevancy of the structural 

effect. These different results are given by the dramatic industrial structural changes after the 

change of regime and the technological changes. The developed, western countries were not 

forced to restructure their economies; there the changes were results of natural processes (and 

today also), which can explain the differences. 

With regard to these results I drafted the following theses statements:  

 

T4a: In East-Central Europe (Czech Republic, Poland, Hungary, Slovakia, Slovenia) 

between 1990 and 2009 the intensity effect contributed more to the improvement of fi-

nal intensity in the economic structure than the structural effect.  

 

T4b: The magnitude of structural effect is less than the intensity effect from the energy 

intensity perspective. 
 

T5a: The development of the energy intensity in the industrial sector of the Czech Re-

public, Slovakia, Hungary and Poland is mainly caused by the intensity and structural 

effect, but the intensity effect is more significant.  

 

T5b: In Slovenia the development of the energy intensity in the industrial sector is 

mainly caused by the intensity effect, and the structural effect is insignificant.  
 

T6: The processes developing the aggregate energy intensity of an economy can differ in 

the level of the economy and the sectors.  
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2.4. The rebound effect 
 

Energy consumption, energy efficiency and the connection of these two variables were 

core topics as early as in the industrial revolution and continue to be relevant today. The 

recognition of global problems has forced nations to determine economical goals to reduce  

emissions by improving energy efficiency (using energy efficiency standards). The energy ef-

ficiency measures are affected by many factors such as the economic structure, the applied 

technology, and the price of the energy. But there is growing interest in why the energy effi-

ciency improvements do not result in the excepted energy consumption reduction. One reason 

is that the calculated (potential) energy savings are overestimated, because consumer behav-

iour is not taken into consideration (Haas R. et al. 1998). Another reason is the rebound effect, 

whose history started in 1865 with a book by W.S. Jevons called The Coal Question. “It is 

wholly a confusion of ideas to suppose that the economical use of fuel is equivalent to a di-

minished consumption. The very contrary is the truth. … Whatever, therefore, conduces to in-

crease the efficiency of coal, and to diminish the cost of its use, directly tends to augment the 

value of the steam-engine, and to enlarge the field of its operations” (Jevons W. S. 1865. 

Chapter VII). According to York R. (2008) the main reason is that the more efficient use of 

coal decreases the coal costs for one product, which increases the demand for coal; other re-

sources are replaced by it and the investments into coal using technology also increase. 

Brookes published a critical study of Leach’s examination called A low energy strate-

gy for the UK in 1979. According to Leach, the energy consumption of the UK could be de-

creased by 40%, which can be realized with the substitution of capital and work. Brookes ar-

gues the increasing energy efficiency enhances the production, which contributes to the in-

creasing energy consumption (Brookes L. 2000. p.358.), so in the 20
th

 century this was the 

first mention of the rebound effect. It is followed by a similar study from Khazzoom in which 

he criticizes Lovins’ results and forms a conclusion consistent with that of Brookes. Saunders 

formed the Khazzoom-Brookes postulate in 1992 with regard to these two critical works, 

which is the following: “The effect of higher energy prices, either through taxes or producer-

induced shortages, initially reduces demand but in the longer term encourages greater energy 

efficiency. This efficiency response amounts to a partial accommodation of the price rise and 

thus the reduction in demand is blunted. The end result is a new balance between supply and 

demand at a higher level of supply and consumption than if there had been no efficiency re-

sponse” (Brookes L. 2000. p.360.; Herring H. 2008. p.2.). They give firstly appropriate expla-

nations for the fact that in macroeconomics the energy efficiency improvements do not result 

in the expected reduction of energy consumption (Barker et al. 2007). 

There are many similar definition of the rebound effect nowadays, according to Barker 

T. et al. (2007), who give a narrower explanation: “the rebound effect is the sum of all of the 

expected decreasing energy consumption which is eliminated by the increasing demand of the 

energy services” (Barker T. et al. 2007. p.4935.). Málovics Gy. (2009) analyzed the effect 

from the perspective of ecoefficiency and he concludes that ecoefficiency can result in the 

relative decrease of natural capital consumption, but the absolute use can increase (Málovics 

Gy. 2009. p.23.). Others such as York conclude that the rebound effect is an ecological para-

dox (York R. 2008.). 

The rebound effect is concerned in many analyses: in the comparative advantages of 

the nuclear energy (Brookes), in ecological economics and industrial ecology (Hertwich E. G. 

2005.) and as one of the challenges of sustainability (Herring H. 2007.), furthermore Jaccard 

M. et al. (2000) and Druckman A. et al. (2011) analyzed it in connection with greenhouse gas 

emissions. So we see the rebound effect is not only a research field of energy economics; it is 



An empirical study on the economic role of energy in East-Central Europe, from 1990 to 2009 
 

 

17 

 

presents also in the lifecycle analysis of industrial ecology and the input-output examinations 

of environmental economics (Howells M. 2010.; Mizobuchi K. 2008.). 

The rebound effect is examined not only in economics theory; there are also empirical 

results to be found. It has been shown to exist in many sectors, such as in the household and 

in the transportation sector, with results ranging from an effect between 0% and 50% (Herring 

H. et al. 2007.). But the results are in many cases inconsistent, and the main part of the studies 

focuses on the USA. One reason for this is the lack of long time series, and that a unified 

method for the analysis has not been established (Sorrell S. et al. 2009., Jin S. H. 2007.). The 

estimation of the rebound effect on a national level is unrealistic, because the analysis can be 

made just at lower levels, such as for an investment or in a sector. 

 My objective was to examine the rebound effect in the household sector of East-

Central Europe, analyzing the heating and water heating and the total energy consumption. I 

used the ordinary least square (OLS) models because it is one of simplest and most consistent 

methods. Genereally researchers start their analyses with making and testing OLS models and 

after the rising model problems they choose another one. In my study the models could be 

well-built and the models performed the tests. I made my calculations for the Czech Republic, 

Poland, Hungary, Slovakia and Slovenia again, for the household sector. Due to lack of data I 

could not carry out an analysis for Slovenia’s heating or for Poland and Slovenia’s water heat-

ing. The examined time period is 1990-2009 the data sources are the Worldbank, Eurostat and 

Enerdata Odyssee databases. 

 My results vary, but the size of the rebound effect is far from the previous results 

found in the literature. The rebound effect is seen in every country except for Slovakia. Table 

3 gives the average results for the five nations. For residential heating, the size of the rebound 

effect is the largest in Poland (near to 40%), and the smallest in Hungary (4%). For the water 

heating the effect is quite low, under 5%. I analyzed the total energy consumption of the 

households with regard to the energy consumption per household. The size of it is between 

10% and 20% in Hungary, Czech Republic and Poland, in Slovenia it is more than 70%, 

which is a really high value.  

 

The average rebound effect in East-Central Europe for the household sector 

Table 3 

 
Heating Water heating 

Total energy 

consumption 

Czech Republic 18.3% 4.2% 14.1% 

Hungary 4% 2.2% 11.1% 

Slovakia 0% - 0% 

Slovenia - - 75.1% 

Poland 37.7% - 17.9% 

Source: own compilation 

 

The rebound effect is under 100% in every case (furthermore in some cases it is 0%), 

which means that energy efficiency improvements are not unnecessary; they contribute to re-

ducing the energy consumption. 

These results have a practical importance: in Hungary the Hungarian 2
nd

 National En-

ergy Efficiency Action Plan prescribes 21 PJ energy savings in the household sector per year. 

If it is carried out then probably 11.1% of it, or 2,331 PJ, would be lost due to the rebound ef-

fect. 

 In the
 
second part of my analysis I examined the changes in the coefficients making up 

the analysis with cross-sectional datas and the differences between the different income 
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groups. I made my calculations only for Hungary due to the availability of data. The database 

included the data of 6,468 households based on a survey made by the Hungarian Central Sta-

tistical Office. The survey was made in all of the European Union member countries but I was 

able to access just the aggregate data for other countries.  

 My results, given in Table 4, show values lower than the previous results in the litera-

ture for household heating using natural gas (according to those studies the rebound effect is 

between 10% and 30%), but the results of the electricity consumption analysis were higher 

than my expectations. The results shown in the literature are usually under 20%, but in Hun-

gary in 2008 it is more than 30%.  

 

The size of the rebound effect in Hungary, 2008 

Table 4 

 
Total sample 

Lowest income 

group (1st quintile) 

Highest income 

group (5th quintile) 

Heating 2.6% 7.9% 0% 

Electricity consumption 32.6% 29.8% 34.9% 

Source: own compilation 

 

The results vary by income groups. For natural gas heating the rebound effect is larger 

in the lowest income group, so 7.9% of the potential energy savings is lost. It is explained by 

consumer behavior, so that that these households increase the heating temperature or the heat-

ed floor area for greater comfort. The households of the highest income group do not need to 

do this, because they had used as much energy before the energy efficiency improvements as 

they wanted. 

For electricity consumption the process is the opposite: in the 5
th

 quintile the size is 

higher, because these households buy a lot of electric devices and they focus on A and A
+
 cat-

egory products. In recent years many products have appeared (such as electric knives, egg 

cookers, robot vacuum cleaner, electric carving knives. etc.) whose target market is the 

households with highest income. These products substitute for manual activities and the 

households hope to save time using them. So although these households buy energy efficient 

products, their demand for electricity to power them has increased so much that the potential 

energy savings are eliminated. 

One of the most important results of my study is that the different income groups react 

differently to the energy efficiency improvements. Bíró-Szigeti Sz. (2011) categorized the 

Hungarian households with regard to their energy consumption (and their energy savings will-

ingness) and she formed 8 status groups: the households belonging to the 1
st
 quintile are the 

“Affluent” and the “Consumption-oriented” who have above average incomes and they are 

the target group of the energy efficiency improvements. The households belonging to the 5
th

 

quintile are the “Poor” with under-average incomes and they cannot finance any energy effi-

ciency improvements. So her category fields are similar to my results. 

So the contribution of energy efficiency improvements with regards to energy conser-

vation is less than expected. The measurement of the rebound effect has to be considered for 

consistent energy policy planning and decisions. For the reduction of energy consumption and 

the environmental protection (global warming, emission reduction) the energy efficiency im-

provements are not necessarily the most appropriate solution. In parallel we have to aim for 

energy savings and to restrain energy consumption.  
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I drafted the following theses statements:  

 

T7a: The rebound effect is a real phenomenon in East-Central Europe. The size of the 

rebound effect is significant in the household sector of the Czech Republic, Slovakia, 

Slovenia and Hungary. The size of the rebound effect is varies with regard to household 

activities (heating and water heating). 

 

T7b: The contribution of energy efficiency improvements to energy conservation is low-

er than expected.  

 

T7c: For the reduction of energy consumption and for the environmental protection 

(global warming, emission reduction) the energy efficiency improvements are not the 

most appropriate solution. In parallel we have to aim for energy savings and to restrain 

energy consumption.  

 

T8: In Hungary in 2008 the size of the rebound effect was significantly affected by the 

income levels of the households. The size of the rebound effect varies by income group. 

 

 

3. Possible application of the research results 
 

The main difference between neoclassical economics and energy economics is their 

different opinions about the role of energy in economic development. According to neoclassi-

cal theory, energy is just an intermediary input among other production factors (land, capital 

and workers), which determine directly or indirectly the economic development. For energy 

economists (such as C.J. Cleveland, H. Herring, or D.I. Stern) energy significantly affects the 

income and the economy depends on the changes in energy consumption. The relationship of 

economic development and energy use has been a core topic over centuries.   

In my dissertation I clarified the exact definition of energy savings, energy efficiency 

and the energy intensity, because the knowledge of them has priority for consequent deci-

sions. 

Recognition of the causality directions between energy consumption and economic 

growth is critically important not only for academia, since it has many empirical consequenc-

es. If it is proved that energy consumption Granger causes the GDP, every measure has to be 

rethought because a negative effect can occur, decreasing the economic growth. In empirical 

studies I identified causality directions in the Czech Republic, Slovakia and Hungary, so these 

results have to be taken into consideration.  

In my view the analysis of the changes in the energy intensity (the 3
rd

 chapter of my 

dissertation) provides results mainly for theory. I highlighted the economic processes occur-

ring in the last two decades and I calculated the factors improving the energy intensity using 

index decomposition analysis, thus I quantified the structural and the intensity effects. I be-

lieve these kinds of results can also be useful: analyzing and understanding the processes of 

the past contributes to the forecast of the processes of the future. 

The last part of my study has a practical importance: I showed that the rebound effect 

should not be underestimated, since this is a real effect in the household sector of East-Central 

Europe, although its degree varies for different countries and household activities (such as 

heating and water heating). Up to this point we were aware of just the positive consequences 

of energy efficiency improvements, such as the tax revenue generated by these investments, 

the positive effects on the balance of trade and employment, the decreasing import dependen-
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cy and energy poverty. The existence of the rebound effect raises many problems. On the one 

hand it is clear that it has to be taken into consideration during the economic and technical as-

sessment of investments and on the other hand it draws attention to the importance of energy 

savings. In the 1
st
 chapter I explained that the energy efficiency and the energy savings are not 

the same, there huge differences between them. Energy savings can be feasible only with 

changes in consumer habits, which confirms the applicability of the increasingly popular 

awareness-raising campaigns (such as “Be a conscious energy user!”). In the long run every-

body can contribute to the rationalization of energy consumption.   

 I have published my research results in many conference publications as well as in 

journals and I have presented them to the broader scientific community. My findings can be 

utilized in political decision making, in energy policy making and in energy efficiency calcu-

lations. 

 

I use my knowledge also in education: as an assistant lecturer I discuss these economic 

and energetic issues and the related methods many times while teaching at the University of 

Miskolc. The results have been built into the subjects Environmental Economics and EU Poli-

cies and thus provide new information for the knowledge of the energy and environmental 

policy of the European Union. I educate the next generation in the methods applied in the sub-

ject Regional Economics I.. 

 

 

4. Future research prospects 

 
While writing my dissertation I have found many interesting research areas, problems and di-

rections which are worth examining. These are the following:  

 

1. An analysis of the connection between the energy consumption and economic growth 

at a regional level.  

2. The effect of rising energy prices om the competition of the energy intensive branches 

and on regions where these branches have a main role in the employment and in the 

production of added value. 

3. The effect of rising energy prices on the vulnerability of the regions. Is there signifi-

cant differences between the regions in this regard? The effect of rising energy prices 

on the household, transportation and the industrial sectors. 

4. An analysis of the Hungarian energy poverty, identifying the exact limits and finding 

potential solutions. 

5. An analysis of the connection between the size of settlements and their energy con-

sumption, so the examination of the differences in energy consumption of the regional 

centers and of the capital cities. 

6. An examination of the energy consumption of the service sector. Is it really more fa-

vorable than the energy consumption of the industrial and agricultural sector? Does it 

contribute to reducing the energy consumption of the economy in the long run? There 

are many studies in this area that indicate that in many cases the services belonging to 

the ICT sector result in higher energy consumption. The service sector is frequently 

based on an energy intensive infrastructure.  

7. The analysis of the rebound effect with panel data, not only in the household sector. 
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