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ABSTRACT: 

Cities account for 60–80% of global energy consumption, and based on projections the 

development of urban areas will be the main engine of energy use growth in the future. 

While it may seem that this topic plays only a marginal role in urban research, in energy 

economics more and more studies are focusing on the concept of the smart energy city and 

resilient city related to energy use as a possible way toward sustainability and human well-

being. Our main objective is to examine the dimension of smart environment through 

residential energy use. We focus on the regional disparities of urban energy use (electricity 

use and natural gas consumption) in Hungary. The analysis covers 23 Hungarian cities and 

Budapest during the period from 2010 to 2015. The Theil Index and the area-based Gini 

index are calculated. We conclude that on the whole no significant inequalities or spatial 

differences were identified among the cities. The Theil Index components (within-group 

inequality component and between-group inequality component) draw attention to the 

within-group differences related to natural gas consumption. These disparities are more 

decisive than values of the between-group inequality components. It cannot be stated that 

belonging to the “elite” groups of cities causes significant changes in the urban electricity 

and natural gas consumption patterns. 
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1. INTRODUCTION 

Globally circa 210 million people without access to electricity live in urban areas and 

furthermore, approximately 500 million people still lack access to clean cooking facilities 

World Bank (2018). As Szlávik (2013) emphasizes, we cannot wait for an enlightened 

world government; a sustainable social, economic and political system can be achieved 

only at the local level with sustainable projects. Local initiatives and corporate social 

responsibility are highly important. There are no breakthroughs leading to sustainability 

(which is so popular nowadays), only small movements and shifts. There are economic 

decisions and objectives that can be achieved under the current circumstances, make a 

profit, improve well-being and serve the aims of sustainability as well. Actually, sustainable 

development can be interpreted as the long-term strategy of humanity. It exists not only 

globally but also on regional and local levels. With an increasing share of renewable energy 

sources and with local solutions to global problems, the role of decentralization, local 

approach to energy policy and local economic and community development are being 

revaluated. The smart city concept can be the basis for these comprehensive social, 

economic and technological changes. This definition does not refer to a completed 
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state/status, but to an operation logic and continuous development (Kulcsár and Szemerey 

2016; Sáfián and Munkácsy 2015).  

2. THEORETICAL BACKGROUND 

The smart city concept is not novel in the economic literature. It first emerged in the 

1990s (although the intensity of related research increased significantly after 2009, 

according to Jong et al. 2015) with regard to the sustainable development of urban areas 

and settlements and the reforms of the urban management systems (Kulcsár and Szemerey 

2016). Hollands (2008) mentions San Diego, San Francisco, Amsterdam and Kyoto, as the 

first users of smart applications and technologies. However, Manchester, Southampton and 

Vancouver are presented for their best practices and good initiatives. As Egedy (2017) 

concludes, the three main pillars (or dimensions) of the smart city concept are 

sustainability, efficiency and wide participation. There are many other kinds of categories 

and definitions related to the smart city concept: eco city, sustainable city, low carbon city, 

knowledge city, intelligent city, digital city, resilient city, ubiquitous city, green city, 

information city, liveable city, hybrid city, creative city, humane city, learning city, wired 

city.  

The borders often blur and there are significant overlaps; a detailed overview is given 

by Jong et al. (2015). The definition of smart city can be interpreted from two perspectives: 

there is a technical interpretation, which emphasizes the physical implementation of smart 

innovations and see the future in urban planning and decision-making based on algorithms 

(Baji 2017). From a social viewpoint, the main goal of these innovative solutions and 

improvements is a more democratic society and the active participation of citizens in 

community decisions that contribute to sustainable development and a higher quality of life 

(Jong et al. 2015). 

The environmental dimension supplements this and it focuses on the “smart and green” 

technologies (Baji 2017). It targets the ecological improvement of urban areas. Important 

fields are urban water management, lighting, waste management, management of natural 

resources and energy management (these are relevant fields of environmental sustainability 

as well). It is worth examining how the performance of a selected city (related to these 

indicators) is compared to other urban areas. Are there social or spatial reasons for the 

differences? Can these differences be explained by the attitudes of the residents? We can 

get a clear picture about the environmental consciousness of residents then the intervention 

points become identifiable (Baji 2017). A well-functioning smart city may contribute to 

improving living standards, increasing urban competitiveness and overcoming obstacles 

such as poverty, social exclusion or environmental problems. 

Our current study focuses on the environmental dimension of smart cities as a critical 

field of the smart city concept. Investigating the smart solutions that are running and under 

implementation, it can be stated that application of environmental solutions plays a 

significant role.  

From our perspective efficient energy use is the most important. Most of the concepts 

emphasize it, such as Nam and Pardo (2011), Lados (2011), Cohen (2014), Stankovic et al. 

(2017) and the ISO 37120 standard as well. Energy efficiency improvements can bear many 

positive external effects, such as direct effects (increasing the value of real estate, 

enhancing quality of life, intensifying tourism, development of the local smart business 

environment). Based on Giffinger (2015) the development of a smart environment can also 
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lead (directly or indirectly) to negative impacts, and this phenomenon is called the rebound 

effect. This suggests that the energy use of smart cities should be examined in more depth. 

In this study a situation report is carried out that provides an energy efficiency overview 

for Hungarian cities (with county rights) to map the starting solution. We provide a review 

of the “elite category” of Hungarian medium-sized cities (based on Rechnitzer et al. 2014). 

In our view the most realistic chance of introducing smart apps and creating a smart city 

concept can be in this category (in some of these cities these initiatives have already 

started).  

The research questions are: 1) Could be significant differences detected in the 

residential energy use of the selected cities (regarding the subcategory of “elite” cities)? 2) 

How these differences changed between 2010 and 2015? 

3. DATA AND METHODOLOGY 

In this study the regional disparities and the spatial distribution of Hungarian urban 

energy use (electricity use and natural gas consumption) are examined. The analysis covers 

23 Hungarian towns with county rights and Budapest during the period of 2010-2015. The 

23 towns are the following: Békéscsaba, Debrecen, Dunaújváros, Eger, Érd, Győr, 

Hódmezővásárhely, Kaposvár, Kecskemét, Miskolc, Nagykanizsa, Nyíregyháza, Pécs, 

Salgótarján, Sopron, Szeged, Székesfehérvár, Szekszárd, Szolnok, Szombathely, 

Tatabánya, Veszprém, Zalaegerszeg. 

Annual data as listed below are applied in the calculations collected from the Hungarian 

Central Statistical Office (KSH): gross income (local currency unit LCU); resident 

population at the end of the year (data calculated further from finalised data of the 

population census); number of household electricity consumers; volume of electricity 

supplied to households (thousand kWh); total volume of electricity supplied (thousand 

kWh); total volume of piped gas supplied (not recalculated) (thousand m3); of total volume 

of gas supplied, volume of gas supplied to households (not recalculated) (thousand m3); of 

household gas consumers, number of those using gas for heating.  

Based on these data we created the following indicators: residential gas consumption 

per household (m3), residential electricity consumption per household (kWh), natural gas 

consumption per capita (m3), electricity consumption per capita (kWh), income per capita 

(HUF). Application of these indicators enable us to compare the selected cities with 

different economic structure. 

 

3.1. Theil index 

Conceição and Ferreira (2000) argue that inequality can be measured not only in the 

case of individuals (total inequality), but in the case of groups (between-group inequality) 

as well. Grouping individuals can be calculated on an area basis, or sex, qualifications, rural 

or urban population or even income deciles can serve as grouping criteria. If the groups are 

formed on a geographical basis, we intend to investigate and analyse the spatial difference 

of a selected indicator. The Theil index has become a very frequently used tool for regional 

differences (it used in e.g. Alcantara and Duro 2004, Zhang L. 2011).  

The Theil index – similar to decomposition methods – consists of two components, i.e., 

a within-group inequality component and a between-group inequality component. Actually, 

the selected component shows – assuming the constancy/unchangingness of other 

indicators – the impact of the specific factor on the dependent variable.  Based on Zhang et 

al. (2011) the formula of the Theil index is: 
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𝑇(𝐼) =∑𝑦𝑖ln(
𝐼 ̅

𝐼𝑖
)

𝑖

 

 

where yi is the gross income-share for city i for a given year; 𝐼 ̅ is average value of the 

measured (specific) energy data (considering the examined towns); Ii denotes the concerned 

indicator for city i. Similar to Zhang et al. (2011), in this study specific data (not total or 

absolute, but per capita or per household) are involved.  

 
𝑇(𝐼) = 𝑇𝐵(𝐼) + 𝑇𝑊(𝐼) 

 

where TB(I) is the aggregate between-group variance component; TW(I) is the aggregate 

within-group component.  

𝑇𝐵(𝐼) =∑𝑦𝑔 ∗ ln(
𝐼 ̅

𝐼�̅�
)

𝑔

 

 

where yg is the gross income share of group g; 𝐼�̅� is the average of the cities in group g 

(related to the selected specific energy data). 

𝑇𝑊(𝐼) =∑∑𝑦𝑔 ∗ 𝑦𝑖.𝑔 ∗ ln(
𝐼�̅�

𝐼𝑖,𝑔
)

𝑖𝑔

 

 

where yi,g is the gross income share associated with city i in group g; Ii,g denotes the 

concerned indicator for city i in group g.  

In the index zero indicates no inequality, while higher values of the index indicate 

greater disparity (the maximum value of the index is 1, indicating complete inequality).  

Classification of the Hungarian towns with county rights has a significant literature 

(such as Lengyel 1999, Beluszky and Győri 2004). Here we cite Rechnitzer et al. (2014). 

The researchers, investigating the innovation clusters, conclude that in Hungary 17 towns 

(from the group of 23 Hungarian towns with county rights) can be grouped into an “elite” 

category (these are Pécs, Sopron, Miskolc, Szeged, Szolnok, Szekszárd, Kaposvár, 

Kecskemét, Szombathely, Debrecen, Eger, Zalaegerszeg, Veszprém, Nyíregyháza, Győr, 

Dunaújváros and Székesfehérvár), while 6 towns are not part of the group (Békéscsaba, 

Érd, Hódmezővásárhely, Nagykanizsa, Salgótarján and Tatabánya). The so-called “elite” 

category contains towns with outstanding features from the point of view of innovation and 

human development. These settlements have complex economic structures and are regional 

centres with great economic potential or with an economy that is highly oriented towards 

research, development and higher education (Rechnitzer et al. 2014). Calculation of the 

components for the Theil index is based on this classification. 

 

3.2. AR-Gini index 

The Gini coefficient is derived from the Lorenz curve. The Lorenz curve is especially 

suitable for the graphical representation of social inequalities, and has become a popular 

tool to illustrate not only income and the expenditure-related inequalities, but spatial 

variations as well (such as Dollman et al. 2015, Finn et al. 2009, Steinberger et al. 2010). 

The latter ‘shows the share of spending (or income) by households ranked by spending (or 

income). The further the curve is below the 45 degree line, the less equal the distribution. 

Correspondingly, the Gini coefficient is calculated as the area between the Lorenz curve 
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and the 45 degree line divided by the total area under the 45 degree line.’ (Dollman et al. 

2015) The higher the coefficient, the more unequal the distribution is. 

Application of the area-based Gini-index (called the AR-Gini index) can contribute to 

revealing the main reasons of the spatial inequalities. It is used in many research fields and 

is a frequently used tool for the examination of energy sources, energy use, different types 

of environmental damage (such as acidity, depletion of the ozone layer, emission, 

eutrophication, climate change), and for life-cycle- based (from cradle to grave) analysis of 

material flows (such as Steinberger et al. 2010). 

The AR-Gini differs from the conventional Gini coefficient in two points (Table 1). 

First, the measure of disparity in terms of resource use is carried out using any physical unit 

(it is not monetarily expressed), second it is calculated on an area basis (not at the level of 

households or individuals) (Druckman and Jackson 2008).  

 
Table 1 

Comparison of AR-Gini and the original Gini index 

 AR-Gini Gini 

calculation basis calculated on an area basis 
calculated on a per capita or 

household basis 

object of calculation calculated on a resource basis 
income, wealth, expenditures 

(calculated on a monetary basis)  

Source: own compilation based on Druckman and Jackson (2008)  

 

Calculation of the Gini coefficient for income is carried out using the following 

equation (Druckman and Jackson 2008): 

𝐺 =
1

2𝑛2𝜂
∑∑|𝑦𝑖 − 𝑦𝑗|

𝑛

𝑗=1

𝑛

𝑖=1

 

 

where yi and yj are the incomes of the ith and jth household, η is the average income and 

n is the number of households. Adapting this formula to the calculation of AR-Gini, the 

explanation of the equation changes as well: yi and yj denote the average resource use in ith 

and jth area (in this study the resource use means the electricity consumption or natural gas 

use), η is the average resource use of each area, n is the number of output selected areas. 

4. RESULTS 

As discussed above, no significant differences between the rural and urban (23 

Hungarian towns with county rights and Budapest) energy use are found. According to the 

KSH (2018) database, while in 2015 37.5% of the Hungarian population lived in one of the 

23 cities with county rights or in Budapest, 37.3% of the volume of electricity supplied to 

households and 40.4% of the volume of gas supplied to households were concentrated here. 

However, the question arises as to what differences can be observed among the energy use 

of the examined cities and whether there is any connection between their success (meaning 

belonging to the elite category based on Rechnitzer et al. 2014) and their energy 

consumption patterns. Or from the other side, whether the achieved level of energy 

efficiency and the decreasing energy use can contribute to urban development or to success. 

Does the society of the more developed or more successful cities consume (natural) 

resources more efficiently and more consciously?  
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residential 

electricity 

consumption per 

household 

(2010, 2015) 

residential gas 

consumption 

per household 

(2010, 2015) 

gas 

consumption 

per capita 

(2010, 2015) 

electricity 

consumption 

per capita 

(2010, 2015) 

income per 

capita (2010, 

2015) 

To visualize the differences among the selected cities (regarding the selected variables) 

the Standard Deviation Method is applied and the distribution of data was displayed with a 

box plot chart (Fig. 1). Here the outliers are filtered out and the results slightly differ from 

the Gini coefficient values (Table 2). The latter highlights that the social disparities are the 

lowest among the selected cities in case of income per capita. The inequalities significantly 

decreased in the case of natural gas consumption (per household and per capita). The social 

differences regarding residential electricity consumption per household have hardly 

changed between 2010 and 2015. However, in the case of electricity consumption per 

capita a slight increase in Gini coefficient can be observed: the value of it is 0.24 in 2010 

and 0.28 in 2015 (but this does not refer to an extremely high inequality).  

 

 

 
 

Fig. 1. Box plot of selected variables 

Source: own compilation based on KSH (2019). 

 

These trends are almost certainly related to the fact that between 2010 and 2012 a 

significant part of the society (the 1st-3rd-4th-5th-6th-8th-9th income deciles) decreased their 

energy expenditures. These households restrained their consumption and many switched 

energy sources, at least partly, from natural gas to cheaper sources (typically the 

expenditures on solid fuels, especially on wood, increased). In subsequent years the positive 

effects of energy efficiency improvements financially supported by the European Union 

funds could be realized. As a result of the utility cost reduction program (2013-2014), with 

special regard to the price effect, the social disparities related to the energy expenditure per 

household declined. However, residential energy consumption increased (this complex 

process is presented in detail in Sebestyénné Szép 2018). 
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Table 2 

Gini coefficient values for the electricity consumption, natural gas use and the income per 

capita, in case of Budapest and Hungarian cities with county rights (2010, 2015) 

  

Natural gas 

consumption 

per capita 

(m3) 

Residential gas 

consumption 

per household 

(m3) 

Electricity 

consumption 

per capita 

(kWh) 

Residential 

electricity 

consumption 

per household 

(kWh) 

Income 

per 

capita 

(HUF) 

Gini index (2010) 0.22 0.16 0.24 0.1 0.07 

Gini index (2015) 0.15 0.13 0.28 0.1 0.07 

Source: own calculation. 

 

The results of the AR-Gini index (Table 2) and the Theil index (Table 3) show 

similarities regarding electricity consumption. While spatial differences cannot be observed 

related to the residential electricity consumption per household, the results of the Theil 

index associated with electricity consumption per capita data indicate a small, but 

increasing tendency over time, where the within-group inequality component plays a 

greater role than the between-group inequality component. 

The Theil indices associated with natural gas consumption (Table 3) confirm the results 

of the AR-Gini coefficient; a small and downward tendency can be identified in both 

categories (residential gas consumption per household (m3) and natural gas consumption 

per capita (m3)). The Theil index components (within-group inequality component and 

between-group inequality component) call attention to the differences in the within-group 

inequality component. These disparities are more important than the values of the between-

group inequality components. It cannot be stated that the success, i.e. belonging to the 

“elite” category, causes significant changes in urban electricity and natural gas 

consumption patterns. 

 
Table 3 

Theil index with regard to electricity and natural gas consumption for the Hungarian towns 

with county rights and Budapest (2010, 2015). 

Indicator Year 
Theil 

index 

Between-group 

inequality 

component (TB(I)) 

Within-group 

inequality 

component 

(TW(I)) 

natural gas consumption per 

capita (m3) 

2010 0.097 -0.001 0.098 

2015 0.018 -0.018 0.036 

residential gas consumption per 

household (m3) 

2010 0.104 0.037 0.068 

2015 0.047 0.040 0.007 

electricity consumption per capita 

(kWh) 

2010 0.111 -0.024 0.135 

2015 0.125 -0.030 0.155 

residential electricity consumption 

per household (kWh) 

2010 0.00 0.02 -0.02 

2015 0.00 0.01 -0.01 

Source: own calculations 

 

The results can be explained by the rebound effect and by high human development 

index (HDI) values. According to Sorrell et al. (2009) ‘the rebound effect is an umbrella 

term for a variety of mechanisms that reduce the potential energy savings from improved 

energy efficiency’ (Sorrell et al. 2009, p. 1457). The rebound effect shows as a result of 
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energy efficiency improvements, how much the additional residential energy use is, and 

what percentage of potential energy savings are lost. Madlener and Alcott (2009) conclude 

that the size of the rebound effect in the long run is between 10% and 30%. A previous 

study of ours (Sebestyénné Szép 2013) identifies a lower result: the rebound effect 

associated with the residential energy consumption was 15% in East-Central Europe 

between 1990 and 2009. This finding is crucially important from the point of this study; 

this fact can explain why no significant difference can be detected among the residential 

energy use patterns in the selected cities. Probably in the richer, more successful cities 

(with higher income per capita) the residents can afford to buy modern (more energy 

efficient) household devices. They heat with better boilers (and probably they use gas for 

heating), but in the poorer and less successful towns many of the households switched the 

energy source for heating from electricity and natural gas to wood (in the context of rising 

energy prices). So the residents living in cities with higher gross income use more 

appliances and other energy-consuming devices, but their equipment is newer and more 

efficient, so its energy use is lower as well. By contrast the urban population in the poorer 

cities (with lower gross income per capita) is less able to afford to replace household 

appliances. The two processes actually balance each other: the richer use more, but in more 

efficient way, the poorer uses less, but with higher energy intensity.  

Many studies focus on the relation between the degree of development of a country and 

its energy consumption development (this former is usually measured with HDI) (e.g. Arto 

et al. 2016; Steinberger and Roberts 2010; Martínez and Ebenhack 2008; Dias et al. 2006; 

Pasternak 2001). These papers emphasize that the energy use patterns of countries with 

HDI of 0.7-0.9 are similar, while significant growth in the energy use level is achieved in 

countries with HDI over 0.9. Pasternak (2001) concludes that there no country with annual 

electricity consumption below 4000 kWh per capita that has an HDI of 0.9 or higher (the 

examined time period in this case was 1980-1997). Above 5000 kWh per capita, no country 

has an HDI under 0.9 (cited in Arto et al. 2016). These publications describe this relation at 

national level, but analysis of the lower spatial levels (especially the urban analysis) is quite 

rare. This can be explained by limited data and methodological problems. Probably – if we 

start from the context described above – a similar process can be experienced at the urban 

level as well. So above a certain level of HDI – naturally it is achieved in all examined 

cities – increase in per capita energy consumption is no longer expected (the Hungarian 

HDI was 0.836 in 2015 according to UNDP (2018)). So development, or success, is 

separate from the additional energy use – and partly related to the Kuznets curve – the 

dematerialization is achieved. This is confirmed by Csák (2015). He concludes that the 

consumer culture is homogeneous – including also the opportunities as well – so the 

consumption of an area is determined by the intensity of its economic activities.  

5. CONCLUSION 

In this study we examined the regional disparities of urban energy use (electricity use 

and natural gas consumption) in Hungary. The analysis covered 23 Hungarian towns with 

county rights and Budapest during the period of 2010–2015. The Theil Index and the area 

based Gini-index were calculated as well. The basic research question is related to the size 

of inequalities based on the environmental components of smart cities. The following 

findings were made: 

1. Significant differences between the rural and urban (23 Hungarian towns with 

county rights and Budapest) energy use were not experienced.  
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2. In the case of the examined cities significant inequalities and large spatial 

variances were not revealed with regard to the indicators of urban energy 

consumption (i.e. residential electricity consumption per household, residential gas 

consumption per household, natural gas consumption per capita, electricity 

consumption per capita). Furthermore, the already small territorial differences 

typically decreased between 2010 and 2015. 

3. The Theil index components (within-group inequality component and between-

group inequality component) call attention to the differences in within-group 

inequality component related to natural gas consumption (natural gas consumption 

per capita, and residential gas consumption per household) and electricity use per 

capita. It is evident that within-group disparities are currently the most important 

factor explaining the level variance in these energy indicators across the 24 cities 

involved in the study. These disparities are more important than values of the 

between-group inequality components. 

4. It was not found that the success (i.e. belonging to the “elite” category) causes 

significant changes in urban electricity and natural gas consumption patterns. 

5. There is a strong positive correlation between the electricity use per capita (kWh) 

and the income per capita, and between the natural gas consumption per capita 

(m3) and the income per capita. 

In summary, focusing on the dimension of smart environment it can be concluded that 

significant spatial inequalities do not arise among the Hungarian cities with county rights in 

relation to the examined indicators of electricity use and natural gas consumption. 
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